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3- REPORT ON FISH, WILDLIFE, AND BOTANICAL RESOURCES 

1 - INTRODUCTION 

This report discusses the fish, vegetation, and wildlife resources of 
the area that will be affected by the proposed Sus itna Hydroel ect i c 
Project. Each of the major subsections (2- Fish, 3- Botanical 
Resources, and 4 -Wildlife) provides a baseline description of species 
and populations of the project area, an assessment of potential project 
impacts on this biota, and a mitigation plan that explains how pre
liminary planning, design, and construction have incorporated measures 
to avoid, minimize, or rectify potentially adverse effects of the 
project on the biological environment. In appropriate cases, resource r 1 _ 

management op~ions t~ :educe or c~mpensate for adverse impacts that_ f'" )_,,:f.<.J ,,p.-
cannot otherw1 se be m1t 1 gated are d1 scussed. ~ tl'' ,.;, 

1.1 -Baseline Descriptions 

These sections describe the distributions and characteristics of bio
logical populations and communities within the project area. The dis
cussions are based on a thorough review of the scientific literature, 
and emphasize documented studies conducted in pr-eparation for the 
Susitna Hydroelectric Project by the Alaska Department of Fish and Game 
(ADF&G) and professi ana 1 consultants. They provide the most current 
available information through November 1982 on fish, vegetation, and 
wildlife of the project area. 

Discussions of animals focus on vertebrate species - resident and anad
romous fish, big game, fur bearers, and birds. The plant descri pt i ens 
deal with species aggregations that occur in recognizable patterns, 
such as vegetation communities and successional stages. 

The baseline descriptions emphasize functional relationships among hab
itat components and animal communities. Factors that regulate species 
distribution and abundance receive particular attention, because knowl
edge of these regulating mechanisms can suggest where populations are 
most sensitive to potential disturbance. For example, water tempera
ture and streamflow regimes are discussed as regulators of fish popula
tions, and the role of plant conununities in regulating wildlife popula
tions is examined. 

1.2 - Impact Assessments 

It is expected that the distribution and abundance of fish, plant, and 
wildlife species in and around the area of the Susi tna Hydroelectric 
Project wi 11 change as a result of project construction and operation. 
The impact assessments presented in this report are based, in part, on 
the project description presented in Exhibit A, project operations des
cribed in Exhibit B, the proposed construction schedule shown in 
Exhibit C, and an analysis of similar activities associated with large 
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construction and hydroelectric projects in similar habitats. In addi
tion, the Recreation Plan presented in Exhibit E, Section 7, has been 
reviewed as a proposed project action to determine its potential 
impacts on fish, vegetation, and wildlife. The impact assessment links 
predicted physical changes with habitat utilization to provide a quali
tative statement of impacts likely to result from the Susitna Hydro
e 1 ectri c Project. Changes potentially resulting from the project are 
discussed with respect to specific project features and activities, 
assuming standard engineering design and construction practice without 
the incorporation of modifications to avoid or minimize the changes. 
Much of the discussion is based on professional judgment. Data col
lection and analysis programs currently underway will provide the basis 
for impact quantification. 

Although some project impacts, if not mitigated, will be adverse, other 
impacts will be innocuous and some wi 11 enhance fish or wildlife pro
ductivity. Therefore, potentially beneficial impacts are given bal
anced treatment with those to be mitigated. Each potential effect, 
together with the action responsible for it, is called an impact 
issue. 

The identification and prioritization of impact issues have followed 
the procedures established by the Susitna Hydroelectric Project Fish 
and Wildlife Mitigation Policy (Alaska Power Authority 1982; Appendix 
EA). This policy was prepared by the Power Authority through a Fish
eries Mitigation Core Group, a Wildlife Mitigation Core Group, and a 
Fish and Wildlife Mitigation Review Group. The core groups, consisting 
of professi anal consultants and agency representatives, de vel oped the 
technical specifics of the mitigation policy. The review group, which 
consists entirely of state and federal agency representatives, eval
uated draft stages of the mitigation policy and provided comments that 
were i ncar porated through successive revisions. The review group 
included representatives of the following resource agencies: 

- Alaska Department of Fish and Game (ADF&G); 
-Alaska Department of Natural Resources (AONR); 

National Marine Fisheries Service (NMFS); 
- U.S. Bureau of Land Management (USBLM); 
- U.S. Environmental Protection Agency (USEPA); and 
-U.S. Fish and Wildlife Service (USFWS). 

In addition to procedures outlined in the Susitna Project mitigation 
policy, criteria for assessing the relative importance of biological 
impact issues have been provided by (1) mitigation policies of the 
Alaska Department of Fish and Game (ADF&G 1982) and the U.S. Fish and 
Wildlife Service (Christian 1981); (2) comments and testimony by the 
Alaska Department of Fish and Game (Skoog, 1982; Schneider 1979, 1982a, 
b, c), the Alaska Department of Natural Resources (ADNR 1982), the u.s. 
Fish and Wildlife Service (Sowl, 1982; USFWS 1979, 1980a, b, 1982a, b), 
and the Susitna Hydro Steering Committee (SHSC 1981, 1982); and (3) 
discussions of impact issues in workshops (ESSA/WELUT/LGL 1982) and 
numerous other technical meetings involving Susitna Project personnel 
and resource agency representatives. 
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All three mitigation policies imply that project impacts on fish and 
game species will be of greater concern than changes in the distribu
tion and abundance of non-game wi 1 dl ife and invertebrate species. The 
policies and comments also indicate that, for the Susitna Project area, 
vegetation is considered more important as a component of wildlife 
habitat than as a botanical resource in itself. Statewide policies and 
management approaches of resource agencies suggest that fish and wild-
1 ife species with commercial, subsistence, and other consumptive uses 
are more important than species without such value. 

The mitigation policies all agree that resource vulnerability is an 
important criterion for impact prioritization. Resources judged most 
vulnerable to potential project impacts have therefore been given high
est priority in impact assessment and mitigation planning. Similarly, 
impact issues have been considered with regard to probability of occur
rence. Where there is a high degree of confidence that an impact will 
actually occur, it has been ranked above impacts predicted with less 
certainty. Also, the mitigation policies and agency comments indicate 
that impacts on productivity and animal population size through changes 
in habitat availability are of high concern. Behavioral responses that 
have the potential for producing population-level effects are also 
important. Adverse impacts that are longer.;.lasting or irreversible 
have priority over short-term impacts. 

1.3 - Mitigation Plans 

Mitigation plans have been developed for identified impact issues in 
accordance with the sequence of steps defined by 40 CFR 1508.20, pur
suant to the National Environmental Policy Act (42 USC 4321 et seq.). 
The mitigation planning sequence includes, in priority order of imple
mentation, the following steps: 

Avoiding the impact through project design and operation, or by not 
taking a certain action~ 

- l"linimizing the impact by reducing the degree or magnitude of the 
action, or by changing its location; 

- Rectifying the impact by repairing, rehabilitating, or restoring the 
affected portion of the environment; 

Reducing or eliminating the impact over time by preservation, moni
toring, and maintenance operations during the life of the action; 
and 

- Compensating for the impact by providing replacement or substitute 
resources that would not otherwise be available. 

This sequential strategy for mitigation option analysis is shared by 
all three mitigation policies applied to the project {Alaska Power 
Authority, 1982; ADF&G, 1982; USFWS, 1982). The relationships of steps 
within the sequence are shown in Figure E.3.1 and further compared in 
Table E.3.1. 
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The process by which mitigation will be implemented and continually 
refined throughout the life of the project is shown schematically in 
Figure E.3.2. The process involves the following steps: 

- Impact issue evaluation: 

• Identification of the nature and extent of impacts: 
•• Populations 

Subpopulations 
•• Habitat types 

Geographical areas 

Ranking importance of resources to be impacted: 
Ecological value 
Consumptive value 

•• Nonconsumptive value 
•• Confidence of impact prediction 

- Option Analysis Procedure 

• Identification of practicable mitigation options: 
•• Type of mitigation option 
•• Sequence of implementation 

• Evaluation of mitigation options: 
Effectiveness of option 

•• Conflicts with project objectives 
•• Residual impacts 

• Documentation of option analysis: 
Impact issues 

•• Mitigation options 
•• Conflicts (if any) with project objectives 

- Mitigation plan implementation: 

• Construction and operating monitoring: 
Review work accompli shed 
Evaluate degree of impac~ 

•• Evaluate effectiveness of mitigation 
•• Identify modifications to the mitigation plan 

Submit regularly scheduled reports 

• Mitigation plan modifications: 
Propose modifications 

•• Submit modifications for review 
• • Implement and monitor approved modi fi cations 

Data from the baseline, impact, and monitoring studies wfll be used 
throughout the 1 ife of the project by the mitigation core and review 
groups to plan and continually refine the mitigation process in a 
flexible, adaptive fashion. 
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Mitigation measures proposed for the Susitna Hydroelectric Project may 
be classified within two broad categories: 

- 1\llodifications. to engineering, construction or operation, design and 
planning; and 

- Management strategies. 

The first type of mitigation measure is project-specific and emphasizes 
the avoidance, minimization, rectification or compensation of adverse 
impacts, as prioritized by the Fish and Wildlife Mitigation Policy 
established by the Alaska Power Authority (1982) and coordinating 
agencies (ADF&G, 1982; USFWS, 1982). As shown in Figure E.3.1, these 
measures must first be implemented to keep adverse impacts to the mini
mum consistent with project requirements. They i nvo 1 ve adjusting or 
adding project features during design and planning so that mitigation 
becomes a built-in component of project actions. 

When impacts cannot be fully avoided or rectified, reduction or compen
sation measures are justified. This type of mitigation can involve 
management of the resource itself, rather than adjustments to the 
project, and may require concurrence of resource management boards or 
agencies with jurisdiction over lands or resources within and around 
the project area. 

Mitigation planning for the Susitna Hydroelectric Project has empha
sized both approaches. The prioritized sequence of options from 
avoidance through compensation has been applied to each impact issue. 
If full mitigation can be achieved at a high priority option, lower 
options may not be considered. In the resulting 1\llitigation Plan, 
measures to avoid, minimize, or rectify potential impacts are treated 
in greatest detail. Specifications for facility siting and design, 
special mitigation facilities, construction procedures, and scheduling 
of project actions to mitigate adverse effects on the biota are 
presented. These are summarized in Appendix EB. Monitoring and 
maintenance of mitigation features to reduce impacts over time are 
recognized as an integral part of the mitigation process. 

Long-term management strategies for project mitigation are discussed as 
potential options. The Alaska Power Authority is committed to evaluate 
and recommend such resource management options, and is sponsoring con
tinuing research to define their need and application. Final agreement 
on measures wi 11 require interagency coordination. 
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2 - FISHERY RESOURCES OF THE SUSITNA RIVER DRAINAGE 

2.1 - Overview of the Resources 

(a) Description of the Study Area for FisheryResources 

The study area for the Susitna Hydroelectric Project fishery. 
studies includes the Susitna River mainstem, side channels, 
sloughs, and mouths of major tributaries (Figure E.3.3). From the 
terminus of Susitna Glacier in the Alaska Mountain Range to its 
mouth in Cook Inlet, the Susitna River flows approximately 300 
miles and drains 19,600 square miles. The mainstem and major tri
butaries of the Susitna River, including the Chulitna, Talkeetna 
and Yenta Rivers, originate in glaciers and carry a heavy 1 oad of 
glacier flour during the ice-free months. There are many smaller, 
clear water tributaries that are perennially silt-free, except 
during flood flows, including Portage Creek, Indian River, Kroto 
Creek (Deshka River) and Alexander Creek. 

Streamflow is characterized by moderate to high flows between May 
and September and low flows from October to April. High summer 
discharges result from snowmelt, rainfall and glacial melt. Win
ter flows consist almost entirely of bank storage and groundwater 
inflow (see Chapter 2). Freeze-up begins in the higher regions in 
early October, and most of the.river is ice-free by late-May. 

Three study reaches have been defined for baseline data gathering 
and impact analysis based upon stream morphology, flow regime and 
anticipated impacts. These study reaches are: Cook Inlet (River 
mile RM O) to Talkeetna (RM 98); Talkeetna to Devil Canyon RM 
152); and the impoundment each from Devil Canyon to a point 
approximately four miles upstream from the Oshetna River (RM 
236.0). 

(b) Threatened and Endangered Species 

No threatened or endangered species of fish have been identified 
in Alaska. The U.s. Department of Interior, Fish and Wildlife 
Service, does not list any fish species in Alaska as being 
threatened or endangered (USFWS 1982). The State of Alaska 
Endangered Species Act does not 1 i st any fish species as 
endangered. 

(c) Overview of Important Species 

Fishery resources in the Susitna River comprise a major portion of 
the Cook Inlet commercial salmon harvest and provide sport fishing 
for Anchorage and the surrounding area. Anadromous species that 
form the base of commercial and recreational fisheries include 
five species of Pacific salmon: chinook, coho, chum, sockeye and 
pink. Other anadromous species include eulachon and Bering cisco. 
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Important resident species found in the Susitna River drainage 
include Arctic grayling, rainbow trout, lake trout, burbot, Dolly 
Varden and round whitefish. Scientific and common names for all 
fish species identified from the Susitna drainage are listed in 
Table E.3.2. 

The Susitna River is a migrational corridor, spawning area and 
juvenile rearing area for five species of salmon from its point of 
discharge into Cook Inlet to Devil Canyon, where salmon appear to 
be prevented from moving upstream by the water velocity at high 
flow. Preliminary data indicate that the majority of the 1981 
Susitna River escapement of sockeye, pink, chum and coho salmon 
spawned above the Yentna River confluence and below Curry Station 
(ADF&G, 1981). Preliminary data also show that sloughs between 
Devil Canyon and Talkeetna provide spawning habitat for pink, 
sockeye and chum salmon. Field data show that juveni 1 e chi nook 
and coho salmon occur throughout· the lower river, concentrating at 
slough and mainstem habitat during winter and at tributary mouths 
during summer. The majority of juvenile coho salmon were captured 
at tributary mouths throughout the year. 

Highest catches per unit effort for rainbow trout and Dolly Varden 
were recorded at mouths of tributary streams. Data regarding 
geographic and seasonal distribution, relative abundance, length 
distribution and age distribution for other adult residents are 
discussed in the following section. Relatively few juvenile resi
dent fish were collected in 1981. 

(d) Selection of Project Evaluation Species 

Selection of evaluation species is a necessary step in assessing 
impacts and in developing mitigation plans. Various species and 
life stages have different critical life requirements and respond 
differently to habitat alterations. A change in habitat condi
tions that benefits one species or life· stage· maY adversely affect 
another and mitigation plans for one speC'ies may conflict with 
those proposed for another. Selection of evaluation species can 
provide a mechanism to resolve potential conflicts and to focus 
the resources available for analysis and planning. 

The evalUation species can be. selected ane·r ·· ·inTfial baseline 
studies and impact ·assessments have identiffed 'the' :dami nant spe
cies and potential impacts on available h'abitats' thr·aughout the 
year~· Mitigations can then be developed that will reduce impacts 
on population controlling habitat parameters. 

Fishery resources of the Susitna River and activities associated 
with the project proposa 1 were reviewed. Evaluation species were 
selected on the basis of the following criteria: 

- High human use value. 
- Dominance in the ecosystem. 
- Sensitivity to project impacts. 
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Species with high regional visibility and commercial, sport, sub
sistence, or aesthetic value were given priority. Within this 
category, species sensitive to project effects were highly rated. 
Since the evaluation species play a dominant role in the eco
system, they may serve as indicator species. By maintaining 
critical habitats for evaluation species, many of the potential 
impacts on less sensitive species or species with a lower eval
uation priority will be mitigated. 

Based on the aquatic studies baseline reports, preliminary impact 
assessments, and harvest contributions, the five species of 
Pacific salmon were identified as evaluation species for the 
Susitna River below Devil Canyon. Arctic grayling was selected as 
the evaluation species for the impoundment. 

Since the greatest changes in physical habitats are expected in 
the reach between Talkeetna and Devil Canyon, fishery resources 
using that portion of the river were considered to be the most 
sensitive to project effects. Because of differences in their 
seasonal habitat requirements, not all salmon species would be 
equally affected by the proposed project. Of the five species, 
chum and sockeye salmon appear to be the most vulnerable in this 
reach, due to their dependence on slough habitats for spawning, 
incubation and early rearing (ADF&G 1981a, 1981b, 1982a). Of the 
two species, chum salmon appear to be the dominant species (ADF&G 
1981b and Trent 1982). Chinook and coho salmon, while having a 
greater commercial and sport value than chum salmon, are less 
1 ikely to be impacted by the project because most of their criti
cal life stages, such as spawning, incubation, rearing and over
wintering, occur in habitats that are less likely to be altered by 
the project (ADF&G 1981a, 1982a). While some pink salmon spawn in 
slough habitats in the reach between Talkeetna and Devil Canyon, 
the ority of these fish utilize tributary habitats (1981b). 

salmon juveniles rear in the 
to outmigration with much of the 
clearwater areas, such as in slo 
1981d, 19 

river for one to two years prior 
rearing apparently occurring 

and tr i but ar 

In the impoundment zone, Arctic grayling were selected as the 
evaluation species because of their abundance in the clearwater 
systems, their sensitivity to impacts during all seasons and life 
stages and their desireability as a sport fish. 

In summary, the evaluation species and life stages selected for 
the Susitna Hydroelectric Project are: 
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(i) Talkeetna to Oevi 1 Canyon Reach 

- Chum Salmon .... 

• Spawning adults; 
• Embryos and pre-emergent fry; 
• Emergent fry; 
• Returning adults; and 
• Outmigrant juveni'les. 

- Sockeye Salmon 

Spawning adults; 
• Embryos and pre-emergent fry; 
• Emergent fry; 
• Returning adults; and 
• Outmigrant juveniles. 

- Chinook Salmon 

• Rearing juveniles; and 
• Returning adults. 

- Coho Salmon 

• Rearing juveniles; and 
• Returning adults. 

- Pink Sa 1 man 

• Spawning adults; 
• Embryos and pre-emergent fry; 
• Emergent fry; 
• Returning adults; and 

Outmigrant juven-iles. 

(ii) Impoundment Zone 

- Arctic Grayling 

• Spawning adults; 
• Incubating embryos; 
• Rear i ng ; and 
• Overwintering. 

(e) Contribution to Commercial, Sport, and Subsistence Fishery 

(i) Commercial 

With the exception of sockeye salmon, the majority of Upper 
Cook Inlet Salmon production originates in the Susitna 
drainage (ADF&G 1982b). The Upper Cook Inlet commercial 
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fishery harvests mixed stocks. The 1 ong term average 
annual catch of 2.8 million fish is worth approximately 
17.9 million dollars (ADF&G 1982b). The Susitna River is 
considered the most important salmon producing system in 
upper Cook Inlet~ however, the quantitative contribution of 
the Susitna River to the commercial fishery can only be 
estimated due to: 

The high number of intra-drainage spawning and rearing 
areas; 

• The lack of data on other known and suspected salmon
producing systems in upper Cook Inlet • 

• The lack of stock separation programs (except for sockeye 
salmon); and 

Overlap in migration timing of mixed stocks and species 
in Cook Inlet harvest areas. 

Therefore, the following discussion on the contribution of 
the Susitna River to the upper Cook Inlet fishery is based 
on the limitations above. Estimates are based upon: 

• Historical sustained harvest in upper Cook Inlet; and 

• Available escapement data for the Susitna drainage. 

- Sockeye 

The commercial sockeye harvest has averaged 1.2 million 
fish annually in upper Cook Inlet over the 1 ast ten years 
with an ex-vessel value of 6.9 million dollars (Table 
E.3.3). As a result, the species is considered the most 
valuable salmon in the commercial fishery. The estimated 
sockeye escapement in the reach above Talkeetna was 4,800 
in 1981 and 3,100 in 1982 (Table E.3.4). 

- Chum 

Chum salmon are second to sockeye salmon in economic 
value for upper Cook Inlet, averaging 2.3 million 
dollars~ ex-vessel. The Upper Cook Inlet chum salmon 
catch has averaged approximately 700,000 fish annually 
over the past ten years (Table E.3.3). The 1981 and 1982 
estimates of chum salmqn escapement in the reach above 
Talkeetna were 20,800 and 49,200 (Table E.3.4.). 
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- Coho Salmon 

Upper Cook Inlet coho salmon rank third in commercial 
value. Si nee 1960 the commercial catch has averaged 
240,000 fish (Table E.3.3). The 1981 and 1982 estimates 
of coho sal man escapement in the reach above Talkeetna 
were 3,300 and 5,100 (Table E.3.4)c 

- Pink Sa 1 rna n 

The upper Cook Inlet annual average odd-year harvest of 
pink salmon is about 146,000 with a range of 24,000 to 
554,000 while the average even-year harvest is 1,671,000 
with a range of 484,000 to 3,232,000 (Table E.3.3). 

Estimates of pink salmon escapement in the reach above 
Talkeetna was about 2,300 in 1981 and 73,100 in 1982 
(Table E.3.4). 

- Chinook 

Since 1960, the commercial catch of Chinook salmon in 
Upper Cook Inlet has averaged 12,500 (Table E.3.3). The 
Upper Cook In 1 et harvest for 1981 was 11,500. Si nee 
1964, the opening date of the commercial fishery has been 
June 25, and the Susitna River chinook salmon run begins 
in late May and peaks in mid-June. Thus, the majority of 
chinooks have already passed through the area subject to 
commercial fishing. Estimates of chinook salmon es
capement in the reach above Talkeetna were 10,200 in 1982 
(Table E.3.4). 

(ii) Sport Fishing 

Recent increases in population and tourism in Alaska have 
resulted in a growing demand for recreational fishing. 
Recreational fishing is now considered a significant factor 
in total fisheries management, especially in Cook Inlet 
where sport-commercial-subsistence user conflicts have 
de vel oped (Mi 11 s 1980). The Susi tna River and its major 
salmon and resident fish-producing tributary streams pro
vide a multi-species sport fishery easily accessible from 
Anchorage and other Cook Inlet communities. In 1980, the 
Susitna River and its primary tributaries accounted for 
over one hundred thousand man days of sport fishing effort 
and about 9 percent of the total angler days in Alaska 
{Mill s 1980). 

Based upon 1980 mai 1 i ng surveys to a sarnpl e of 1 i censes 
(Mills 1980), the following sport fish harvest was reported 
for important anadromous and resident fish in the Susitna 
River and its primary tributaries: 

E-3-11 

~. 

1Jf4'PP' 

-



!"""' 

-

-

-I 
-
-

( i i i ) 

Salmon 

Pi n k . . . . . . . . . . . . . . . . . - 54 , 2 44 
Coho .•........•...... 13,657 
Chinook . . . . . . . • . • . . . . 6,493 
Chum- • • . . • . • . . • • . • . • . • 4., 673 
Sockeye .............. 925 

Other Anadromous and Resident 

Arcti~ Graylihg ....•. 
Rainbow Trout ....... . 
Dolly Varden ........ . 
Bu rbot .............. . 
Lake Trout •.......... 

13,921 
12,965 

3,024 
591 
267 

The figures represent the sport fishing harvest in an area 
that is 1 arger than that which could be affected by the 
proposed project. 

The estimated catch of Arctic grayling represents about 20 
percent of the estimated harvest in southcentral Alaska in 
1980 and the estimated catch of rainbow trout represents 
about 17 percent of the entire state harvest in 1980. The 
Susitna harvest of pink salmon represents about 33 percent 
of the total estimated harvest for southcentral Alaska, 
whereas the harvest of coho represents about 11 percent of 
the estimated harvest for southcentral Alaska and the 
harvest of chinook represents about 27 percent . of the 
estimated harvest for southcentral Alaska. 

Subsistence Harvest 

Although salmon form an important resource for many Susitna 
Basin residents, subsistence fishing within the Susitna 
Basin is not a recognized harvest by the state. The Tyonek 
Village subsistence salmon fishery, approximately 30 mi 
southeast of the mouth of the Susitna River, is supported 
at least in part by Susitna River stocks. 

2.2- Species Biology and Habitat Utilization 
in the Susitna River Drainage 

(a) Species Biology 

(i) Salmon 

- Chinook 

In the Susitna River below Talkeetna the adult chinook 
salmon migration begins in late May and ends in early to 
mid-July. Historically, by 1 July, 90 percent or more of 
the escapement have migrated past the Susitna Station 
(ADF&G 1972). Sonar counters and fishwheels installed to 

E- 3-12 

http:Chum-��..�.�..��.�.�


monitor escapements for pink, chum, sockeye and coho salmon 
provided some incidental information regarding the timing 
of chinook runs. Fishwheel catches indicate that the 
migration ended by July 9 at the Susitna and Yentna sta
tions. Initial sonar counts made at Sunshine Station also 
suggested that a significant segment of the escapement had 
migrated past this location prior to the June 23 sonar 
counter installation. Similarly, a sizable portion of 
escapement had already passed the Talkeetna site before 
June 23, when the so.nar counters became operational. Fish
wheel catches and sonar counter data indicated that the 
peak of upstream migration at Sunshine Station occurred on 
June 23 and that migration ceased about July 10. At Curry 
Station, the fish wheels were in place early enough to 
clearly define the beginning of migration on June 16, the 
peak of migration on June 23 and the end of migration on 
July 4. · 

At four of five mainstem sampling stations in 1981, an un
determined portion of the early escapement was not re
corded, rendering it impossible to estimate total escape
ment through either sonar counts or tagging studies. How
ever, stream escapement surveys (Table E. 3. 5) made from 
helicopters, fixed-wing aircraft and from the ground (ADF&G 
1978, 198lb) indicate that tota.l escapement within the 
drainage is in the range of 100,000 with a minimum annual 
escapement of 60,000 needed to maintain stocks at historic 
levels. Without repeated spawning ground counts and know-
1 edge of average stream 1 ife expectancy of chi nook sal man 
in each stream surveyed, the escapement counts cannot be 
considered an abso 1 ute measure of total escapement; 
however, they can be considered an index of abundance. 

Radio telemetry studies during June, July and August of 
1981 (ADF&G 198lb) indicated that the confluence of the 
Talkeetna, Chulitna and Susitna Rivers is a probable mill
ing area for migrating adult chinook salmon. The four fish 
tagged at the Talkeetna site moved downstream and remained 
either at the confluence or downstream from this area for 
several days or weeks before moving back upstream. This 
downstream movement was seen in two of the twelve fish that 
were radio tagged at the Curry Site. Eleven of the thir
teen tagged fish that moved upstream after being tagged at 
Talkeetna or Curry Stations entered a single tributary and 
remained there. Two of the remaining tqgged fish entered a 
different tributary, one moved downstream and held near 
Chase Creek, and two were lost because of technical 
difficulties with the transmitters. 

Four-ye.ar old individu~ls,,were domfn~n(~ .. at Sunshine and 
Curry Stations while at Ta1keetna,.sii~-~hd four-year olds 
were equally abundant. There was a higher percentage of 
younger fish, mainly three-year ol ds, at Sunshine Stat ion 
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than at either the Talkeetna or Curry Stations. Seven-year 
old fish were relatively scarce at Sunshine and Talkeetna 
and none were identified from the Curry Station sample. 

Surveys of chinook salmon spawning areas were performed by 
helicopter, single-engine fixed-wing aircraft and by foot 
during the 1981 and 1982 investigations. Chinook appear to 
spawn in the tributaries rather than the mainstem of the 
Susitna River. Some of the more important spawning 
tributaries include Alexander Creek, Kroto Creek, (Deshka 
River), Willow Creek, Clear Creek (in the Talkeetna 
Drainage), Chulitna River, Peters Creek, Lake Creek, 
Talachulitna River, Prairie Creek, Montana Creek, Indian 
River and Portage Creek (Table E.3.5 and Table E.3.6). 

In the Susitna River system chinook spawn in July and early 
August (ADF&G 1981b). In Alaska each female deposits from 
4, 200 to 13,000 eggs, which incubate in the grave 1 through 
winter and hatch the following spring (Morrow 1980). The 
alevins genera·lly remain in the redd for two to three weeks 
until the yolk sac is absorbed and then emerge from the 
gravel and become free-swimming, feeding fry (Morrow 
1980). 

The chinook fry school after emerging from the gravel but 
become territorial as they grow. Aquatic insect larvae, 
including chironomids and caddis flies, as well as small 
crustaceans, are the major food sources for juvenile 
chinook salmon (ADF&G 1978). Analysis of adult chinook 
salmon scales show that most Susitna River salmon appear to 
remain in freshwater for one year before smelting (ADF&G 
1981b). 

The geographical and seasonal distribution, relative abun
dance, age composition and smelt migration timing of juve
nile chinook salmon reared in the Susitna drainage are 
summarized below based upon studies by ADF&G {1981d), 
Delaney et. al. (1981), and ADF&G {1978). 

Juvenile chinook salmon were captured throughout the study 
area from Alexander Creek (RM 10.1) upstream to Portage 
Creek (RM 148.8). Collection techniques and data summaries 
for juvenile collections are detailed in ADF&G (1981d). 
Populations varied in abundance and distribution by river 
habitat type and seasonal period. During winter, most 
juveniles were captured in mainstem and slough sites. All 
juvenile chinook salmon captured at the mainstem and slough 
s 

gra on 
es ing late fall is apparently the result 

and lowered flow in tributaries (ADF&G 1981d). 
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Du~ing summer, juvenile chinook were also captured through
out the study area bel ow Devil Canyon from Alexander Creek 
to Portage Creek. A total of 6,579 juvenile chinook were 
captured during the summer surveys between Cook Inlet and 
Devil Canyon. The reach between Talkeetna and Devil Canyon 
accounted for 34 percent of the total captures and the 
remainder were captured between Cook Inlet and Talkeetna 
(ADF&G 198ld). Tributary mouths appear to provide impor
tant rearing habitat during summer months. Clearwater 
s 1 oughs may also supply summer rearing habitat and may be 
important year-round rearing habitat. 

Two age groups of juveni 1 e chi nook sa 1 man. representing 
brood years 1979 (1+) and 1980 (0+), were identified from 
scale analysis and length distribution. Age 1+ were ob
served between Talkeetna and Devil Canyon at 45 percent of 
sites surveyed during the first two weeks of June. Cap
tures decreased and terminated in July. Age 1+ were not 
captured after August in the Cook Inlet to Talkeetna reach. 
It was cone 1 uded that the decreasing numbers of age 1 + 
chi nook salmon was a result of smolt out-migration (ADF&G 
198ld). The peak smolt movement apparently occurred prior 
to early June sampling. 

Catches of age 0+ in mainstem and slough habitats increased 
from late June to a high in early September for the 
Talkeetna to Devil Canyon reach. This was interpreted as 
an indication that juvenile distribution expanded from 
tributary streams and stream mouth sites into mainstem and 
slough sites as summer progressed (ADF&G 198ld). 

Interpretation of present and past surveys of the Susitna 
River and its tributaries have resulted in the following 
conclusions relating to abundance, distribution and out
migration (ADF&G 198ld) • 

• Juvenile chinook salmon populations are not static but 
vary in abundance and distribution by river habitat and 
season • 

• Redistribution of juvenile chinook from areas of emer
gence (tributaries) to more favorable habitat at the 
mouths of tributaries and sloughs begins as the fish 
reach a mobile state • 

• Tributary mouths appear to provide important milling and 
rearing areas for juveniles during summer months. 

During late fall, lowered flow conditions develop in the 
tributary systems and juveniles move into the mainstem 
and slough habitats to overwinter. 
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The majority of juvenile chinook spend one winter in 
fresh water before migrating to the sea. Out-migration 
in the reach from Talkeetna to Devil Canyon peaks prior 
to early June and terminates by the end of July 
throughout the drainage. 

Sockeye 

The escapement, migrational timing, and population esti
mates of adult sockeye moving up the Sus itna River to . 
spawning grounds were measured in 1981 and 1982 by side
scan sonar, fishwheel catches, and tag/recapture studies. 
Five escapement monitoring stations were established in 
early June 1981 at locations identified in Figure E.3.4. 
Operating dates, equipment used and methodology are des
cribed in detail in ADF&G 1981b. Sonar counts and tag/
recapture population estimates (Tables E.3.4 and E.3.7) for 
sockeye salmon are discussed below. 

At Susitna Station, the sockeye salmon migration extended 
from June 29 to August 24, with the midpoint of the run 
occurring on July 17. A total of 340,000 individuals were 
counted by side-scan sonar counters. From July 11 to July 
23, 75 percent of the escapement passed Susitna Station. 
Fishwheel catch per hour indicated that the peak migration 
occurred between July 10 and 19. 

A total of 139,000 sockeye were counted by sonar at the 
Yentna Station. The migration began on July 1, the mid
point occurred on July 16 and the run ended by August 3. 
Between July 12 and 23, 75 percent of the total fish 
escapement had passed Yentna Station. Fi shwheel catches 
indicated that the migration peak was between July 13 and 
15. 

Sonar counts at Sunshine Station totaled 89,900. The mi
gration began on approximately July 16, reached a midpoint 
on July 23, and ended on August 20. Between July 19 and 
28, 75 percent of the sockeye migrated past this 1 ocati on. 
Based upon fishwheel catch records, the peak of the migra
tion occurred between July 18 and 23. 

At Ta 1 keetna Station, 3, 500 sockeye were counted. The 
migration commenced on July 23 and was completed by August 
8. The midpoint occurred on July 31. A majority of the 
total count was made between July 23 and August 6. It 
appeared from fishwheel catch data that the migration peak 
occurred between July 27 and August 1. 

The Curry Station fi shwheel caught 470 sockeye. 
indicate that the migration commenced on July 18, 
midpoint on August 5, and was not over unti 1 
29. 
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From the sonar data, the migration chronology of sockeye 
salmon indicates that those fish passing Susitna Station 

.enroute to the Yentna River made the 6.2 mile trip in one 
day or less. Individuals migrating past Susitna Station 
toward Sunshine Statidn covered this distance in an average 
of 8 days {6.8 miles) and reached Talkeetna Station in an 
average time of 13 days ( 4. 6 miles). Tag/recapture data 
indicated that the minimum travel time between Sunshine and 
Talkeetna Stations and Curry Station was approximately five 
days or a travel speed of approximately 3.5 miles/day. 

Population estimates were calculated based upon tagging 
operations. Sockeye estimates indicated that approximately 
133,000 sockeye migrated past Sunshine, 4,800 passed 
Talkeetna, and 2,800 passed Curry Station in 1981, in 1982 
152,000, 3,100, and 1,300 passed the same stations respec
tively (Table E.3.4). The 95 percent confidence limits on 
the 1981 estimates and components used to calculate them 
are discussed in ADF&G (1981b). There are discrepancies 
between population estimates from sonar counts and esti
mates from tag and recapture studies {Tables E.3.4 and 
E.3.7). These discrepancies reflect limitations inherent 
in both techniques {ADF&G 1981b), which nonetheless repre
sent the state-of-the-art for estimating population sizes 
in glacial river systems. 

Sockeye salmon age composition analyses indicate that a 
majority of the fish sampled at each station were age 52, 
(i.e. five years old with two years in fresh water). The 
second most abundant age group was 42 followed by age 
62. Five-year old fish comprised approximately 86 per
cent of the return at Susitna Station and Yentna Station, 
73 percent at Sunshine and Talkeetna Station, and 70 per
cent at Curry Station. Further age composition data are 
given by ADF&G {1981a). 

Surveys of sockeye spawning areas were conducted in the 
mainstem Susitna River between Cook Inlet and Devil Canyon 
from late July through September using drift gill nets, 
electroshocking equipment and egg deposition pumps. Susit
na River tributary streams and sloughs between the Talkeet
na River confluence and Devil Canyon were surveyed on foot 
for spawning salmon from late July through September. De
tailed methodology is given in ADF&G (1981b). No mainstem 
spawning was observed for sockeye salmon; sockeye spawning 
areas were documented in several sloughs and one tributary. 
In the Talkeetna to Devil Canyon reach, adult sockeye were 
observed in Sloughs 38, 3A, 6A, SA, 9A, 98, 11, 17, 19, 10 
20 and 21 and in lower McKenzie Creek (Figures E.3.5-
E.3.8). Peak spawning occurred during the last week of 
August and the first three weeks of September. Of the 
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locations listed, sockeye were most numerous in Sloughs 8A, 
98 and 11, where peak spawning ground counts were 177, 81 
and 893, respectively. 

Although a limited number of juvenile sockeye salmon were 
captured during ADF&G 1980-81 investigations, the tech
niques utilized did not result in the data necessary to 
determine early 1 i fe histories and freshwater rearing of 
the .species in the Susitna River (AOF&G 198ld}. Sockeye 
salmon are normally found in river system with lakes which 
provide nursey areas for juveniles. The Susitna River does 
not contain 1 ake habitat usually associ a ted with sockeye 
salmon. Results of smelt trapping during Spring 1982 will 
lead to an increased understanding of the life history 
phases of Susitna River sockeye. 

Based upon information from other sockeye producing spawn
ing areas, mature females typically produce from 2,500 to 
5, 300 eggs (Morrow 1980). Hatching normally occurs during 
the peri ad January-March. Fry remain in the 9ravel for 
several weeks and then emerge during the peri ad April 
through June. Fry move into 1 akes or other rearing areas 
after emerging from the gravel. After spending 1 to 3 
years in fresh water, the fish. migrate in schools to 
feeding grounds in the Pacific Ocean (Morrow 1980). 

Coho 

The escapement, migrational timing and population estimates 
of adult coho salmon migrating up the Susitna River to 
spawning grounds were determined (ADF&G 1981b). The 
results of apportioned side-scan sonar counts and tag/
recapture estimates are shown in Tables E.3.4 and £.3.7 and 
discussed below. 

The peak of the coho salmon migration into the Susitna 
River drainage occurs in mid-July and early August, but can 
extend from 1 ate ·June into September. Side-scan sonar 
counts and migration periods for each sampling station are 
summarized below • 

• A total of 33,500 coho salmon were enumerated by the 
sonar counters at Susitna Sation. The migration began, 
reached a midpoint and ended on July 20, July 28 and 
August 25, respectively. Approximately 75 percent of the 
fish passed this station between July 23 and August 16. 
Fishwheel catches indicated a migration peak occurring 
between July 25 and July 30. 

• At the Yentna Station, 17,000 coho were enumerated by the 
sonar counters. The migration began on July 22, reached 
a midpoint on July 31 and ended on August 20. The major 
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portion of the run passed this location between July 23 and 
August 16. The peak of migration occurred between July 23 
and August 6 • 

• The count at Sunshine Station was 22,800 coho salmon. 
The beginning of the migrational period was July 29, the 
midpoint was reached on August 18 and the run ended on 
September 5. Between August 4 and August 24, 75 percent 
of the migration run occurred. The peak migration period 
was between August 18 and August 25 • 

• At Talkeenta, 3,500 coho were enumerated by sonar coun
ters. The beginning of the migration was July 30, August 
24 was the midpoint, and September 11 was the termi na
tion. The majority of coho were counted between August 
11 and September 1. The migrational peak period occurred 
between August 19 and August 30 • 

• Curry -Station fi shwheel catches indicated that the coho 
migration began at this location on August 5, was at its 
midpoint on August 22 and ended on September 4. 

The average travel time for coho salmon migrating between 
Susitna Station and Yentna Station was two days, a travel 
rate of approximately 3.1 miles/day. An average of four
teen days was required to reach Sunshine from Susitna 
Station. Total travel time from Susitna Station to Tal
keetna Station \t/as approximately 24 days. These travel 
times can be equated to a migration rate of 3.9 miles/day 
to Sunshine Station from Susitna Station and 3.1 miles/day 
between Susitna Station and Talkeetna Station. Tag/
recapture of marked coho indicated that between Talkeetna 
and Curry Stations, the migration took between two and 
fifteen days with an average travel time of 4.5 days. This 
was a migrational rate of approximately 3. 7 miles/day. 

Population estimates derived from tagging and recapture 
operations indicated that approximately 19,000 coho salmon 
migrated past Sunshine Station, 3,300 past Talkeetna 
Station and 1,100 past Curry Station in 1981, while 45,800, 
5,100 and 2,500 passed the same stations in 1982 (Table 
E.3.4). The majority of individuals sampled for age 
analyses in 1981 were 42, from the 1977 brood year, 
fa 11 owed by age 32, for the 1978 brood year. Less than 
10 percent of the 1981 coho escapement consisted of other 
age groups. 

Surveys of spawning areas were conducted in the mai nstem, 
sloughs, and tributaries of the Susitna River (ADF&G 
1981b). Of twelve mainstem spawning sites identified, 
coho salmon were the only species observed at one site and 
coho and chum salmon shared spawning sites in two mainstem 
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areas. Coho sa 1 man were not observed spawning in any of 
the sloughs surveyed but were observed in Whiskers Creek, 
Chase Creek, Lane Creek, Gash Creek, Lower McKenzie Creek, 
Fourth of July Creek, Indian River and Portage Creek. The 
highest densities, based upon peak index counts, were in 
Whiskers Creek, Chase Creek, Gash Creek and Indian River, 
where 70, 80, 14-1 and 85 coho, respectively were recorded 
spawning in a single survey. The survey data indicate that 
the spawning peak probably occurred in the second and third 
week of September. 

Based upon general information on coho salmon life history 
in Alaska (Hartman 1971), each female deposits an average 
of 3,500 eggs, which incubate in the gravel through winter. 
Upon emergence in March and Apr i 1, fry generally occupy 
areas with adequate cover, low water velocities and mode
rate water temperature for optimum growth (Gray et. a 1. 
1978; Delaney and Wadman 1979; Watsjold and Engel 1978). 
Drifting aquatic insect larvae are the major diet items of 
juvenile coho salmon in spring; adult stages of these 
insects are major feed items during summer and fall {ADF&G 
1978). Juvenile pink, chum and sockeye salmon can also be 
an important supplemental food source to age 1 or older 
coho salmon (Roos 1960; Scott and Crossman 1973). 

The geographical and seasonal distribution, relative abun
dance, age composition and smolt migration timing of coho 
salmon reared in the Susitna drainage is summarized below 
based on studies by ADF&G {1981d). 

Juvenile coho sa 1 man were captured throughout the study 
area between Alexander Creek (RM. 10.1) and Slaugh 21 (RM 
141.8) at 55 out of 99 sample sites from November 1980 to 
October 1981. Collection techniques and data summaries for 
juvenile collections are detailed in ADF&G· (1981d). 

During the winter and spring (November-May), juvenile coho 
salmon frequently occurred {measured by percent incidence) 
at tributary mouth sites between Cook Inlet and Talkeetna, 
and at a mai nstem and slough sites between Talkeetna and 
Devil Canyon (Table E.3.8). A total of 337 juvenile coho 
salmon were collected from Cook Inlet to Devil Canyon. The 
maximum catch rate for juvenile coho salmon was 8.0 fish 
per trap at Slough 6A in March. Length frequency and scale 
analysis indicated that two age groups, brood years 1978 
(2+) and 1979 (1+) were captured between Cook Inlet and 
De vi 1 Canyon. 

During June-September 1981, juvenile. coho sa 1 man occurred 
most frequently at tributary mouths in the Cook Inlet to 
Talkeetna reach (Table E.3.9). A total of 3,605 juvenile 
coho salmon (combined age groups 0+ and 1+) were captured 
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between Cook Inlet and Ta 1 keetna. During the same summer 
sampling period (June through September 1981), a total of 
1,216 juvenile coho salmon were captured between Talkeetna 
and Devil Canyon. (Table E.3.8). Occurrence of age 0+ 
(1980 brood year) was consistently higher at tributary 
mouth locations than at mainstem or slough locations 
throughout the summer. The frequency of occurrence in 
tributary mouths increased during the summer. This indi
cates that age 0 coho were moving out of the tributaries 
during late summer. Maximum catch rate for juvenile coho 
salmon recorded during summer was 41.0 fish per trap at 
Caswell Creek (RM 63.0) in late August. 

Three age groups of juvenile coho salmon were collected at 
various habitat 1 ocat ions in the Cook Inlet to De vi 1 Canyon 
reaches of the lower Susitna River from November 1980 to 
October 1981. These fish represented brood years 1978 
(2+), 1979 (1+) and 1980 (0+). Distribution of 0+ fish 
progressively increased from June when they were first 
captured through September. The incidence of 1+ coho sal
mon in catches of all habitat locations between Talkeetna 
and Devil Canyon also increased from late July to Sep
tember. Between Cook Inlet and Talkeetna, a similar 
pattern was observed. Catch rates then decreased in 1 ate 
September for 0+ and 1+ throughout the lower Susitna {Cook 
Inlet to Devil Canyon) (ADF&G 1981d). 

Age 2+ individuals were captured during the winter sampling 
period, November 1980 to May 1981, but were not captured 
after May in the Talkeetna to Devi 1 Canyon reach and after 
mid-June in the Cook Inlet to Talkeetna reach. This find
ing indicates that the predominate age group for smolts in 
the Susitna River is age 2+ and that in the Talkeetna to 
Devil Canyon reach the majority of smelting took place 
prior to 1 June 1981 and between Cook Inlet to Talkeetna by 
June 15. 

- Chum 

The escapement, migrational timing, and population esti
mates of adult chum salmon migrating up the Susitna River 
to spawning grounds were measured by side-scan sonar and 
fishwheel catches in combination with tag-recapture esti
mates. Apportioned sonar counts and fishwheel catches show 
that the chum salmon migration began during the second week 
in July and ended during early September. The peak migra
tion period in the Susitna River upstream of Talkeetna was 
from 1 ate July until late August. Side-scan sonar counts 
and population estimates based on tag/recapture data are 
summarized in Tables E.3.4 and E.3.7. Migration periods 
for each sampling station are summarized below. 
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• A total of 46,500 chums were counted at Susitna Station 
by the sonar counters. The migration began at Susitna 
Station on July 10, reached a midpoint on July 27 and 
ended on August 25. Between July 15 and August 6, 75 
percent of the escapement occurred. Fishwheel catches 
indicated that the migration peak occurred between August 
August 3 and 7 • 

• The Yentna Station enumerated 19,800 individuals. The 
migration run began at Yentna Station on July 13, reached 
its midpoint on July 29 and ended on August 24. A major
ity of the fish were counted between 18 July and 15 
August. Fishwheels operated at Yentna Station indicated 
that the migration run reached its peak between July 20 
and 23 • 

• Counts at the Sunshine Station totaled 59,600 chums. The 
migration at this location commenced on 22 July, reached 
a midpoint on August 6 and ended on approximately Septem
ber 6. Seventy-five percent of the fish were counted 
between July 27 and August 24. The peak of chum migra
tion at Sunshine Station, as indicated by fishwheel 
catches, occurred between August 17 and 19 • 

• A total of 10,000 chum salmon were counted at Talkeetna 
Station. The beginning of the migration was approxi
mately July 28, the midpoint was reached on August 8 and 
the migration ended on August 29 • 

• Fishwheel catches at Curry Station indicated that the 
chum migration began around July 29. The midpoint of the 
run was August and the migration terminated on Septem
ber 2. 

Chum salmon averaged four days travel time between Susitna 
Station and Yentna Station, which corresponds to a travel 
rate of 1.6 miles/day. Average travel time between Susitna 
Station and Sunshine Station was 10 days, which is a travel 
rate of 5.6 miles/day. The migration period between 
Susitna Station and Talkeetna Station averaged 14 days or 
approximately 5.6 miles/day. Chum salmon tagged ·at 
Sunshine Station took between two and nine days to reach 
Talkeetna Station. 
Between Talkeetna Station and Curry Station the number of 
travel days ranged from 1 to 24 days with an average travel 
time of approximately 4.5 days and a travel rate of approx
imately 3.7 miles/day. 

Population estimates derived from tag and recapture data 
indicated that approximately 263,000 salmon migrated passed 
Sunshine, 20,400 past Talkeetna Station and 13,000 passed 
Curry Station in 1981, while 431,000, 49,200 and 29,500 
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passed the same stations in 1982. At each sampling site, 
age 4 chum salmon from the 1977 brood year dominated the 
catch in 1981, comprising, on the average, 86 percent of 
the sample. Second in abundance were age 5 fish followed 
by age 3 individuals. 

Spawning surveys conducted in the mainstem of the Susitna 
River from Cook Inlet to Devil Canyon during 1981 revealed 
that 10 of 12 mainstem spawning locations identified were 
occupied by chum sal man. Spawning surveys conducted in 
sloughs and tributaries between Talkeetna and Devil Canyon 
also documented the presence of chum salmon in Sloughs 1, 
2, 6A, 8 8B, Moose, A1, A, 8A, 9, 9A, 98, 11, 13, 15, 17, 
19, 20, 21 and 21A (Figures E.3.5 and E.3.8). They were 
a 1 so found within the survey reaches of Whiskers Creek, 
Chase Creek, Lane Creek, Lower McKenzie Creek, Skull Creek, 
Sherman Creek, Fourth of July Creek and Indian River. The 
peak spawning activity in the sloughs occurred during the 
1 ast two weeks of August and the first two weeks of 
September. The highest counts were recorded in ~oughs 8, 
8A, 9, 11 and 21, where 302, 620, 260, 411 and 274 chums, 
respectively, were found spawning. Based on the 1 imited 
stream survey data, the peak spawning period was 
approximately one week earlier in streams than observed in 
slough spawning areas. The highest peak count in an index 
area was registered in Fourth of July Creek, where 90 chums 
were counted on August 7. 

Based on general information from other chum salmon
producing areas in Alaska, females produce an average of 
3,000 eggs (Harman 1971). Limited sampling of pre-emergent 
chum fry conducted April 11 in the area of Gold Creek 
revealed that yolk sac absorption was 95-100 percent 
complete. Following emergence, usually during April or 
May, chum fry remain in the river for only a short period 
before out-migrating. limited beach seine sampling 
resulted in the capture of 1, 650 chum fry on June 19 in 
Slough 11. Although juveni 1 e chum were captured during 
ADF&G 1981 investigations, the techniques utilized did not 
result in the data necessary to determine early life 
histories in the Susitna River (ADF&G 1981d). Because of 
this, the 1982 field program utilized smolt traps to obtain 
more accurate information on juvenile chum salmon. Speci
fic timing of out-migration for the Susitna River system is 
being addressed in the analysis of 1982 data. 

Pink 

Pink salmon have a 2-year life cycle that results in two 
genetically di st i net stocks occurring in each stream. The 
stocks are ca 11 ed 11 0dd- 11 or 11 even-year 11 on the basis of the 
year in which adults spawn. In the Susitna drainage, the 

E-3-23 

-
-
-



-

-

-
-
-

even year runs are numerically dominant. The escapement 
migrational timing and population estimates of pink salmon 
migrating up the Susitna River to spawning grounds as 
measured by side-scan sonar and tag-recapture are shown in 
Tables E.3.4 and E.3. 7. The adult migration for pink 
salmon in the Susitna River system began about 10 July and 
terminated during the third week in August. Side-scan 
sonar counts and migration periods for each sampling 
station are summarized below. 

• Sonar counts at Susitna Station totaled 113,000 pinks. 
The migration period started around July 10, with the 
midpoint occurring on July 25. The migration at Susitna 
Station terminated on August 21. Seventy-five percent of 
the escapement passed this region between July 15 and 
July 29. Fishwheel catches indicated that the migration 
peak had occurred bet~V"een July 21 and August 3 • 

• At the Yentna Station, 36,000 pink salmon were enumerated 
by the sonar counters. The migration reached this point 
on approximately July 14, midpoint was July 25 and the 
migration ended on August 20. Between July 21 and August 
2, the majority of the pink salmon had passed this 
station. Fishwheel catches indicated that the migration 
peak lasted from July 21 to August 6 • 

• Individuals counted at the Sunshine Station sonar site 
totaled 72,900. The migration did not reach Sunshine 
Station until approximately July 23, two weeks later than 
Susitna Station. The midpoint date for the run was 1 
August, with completion on August 20. Seventy-five 
percent of the migration was counted between July 28 and 
August 9. Fishwheel catches showed the migration peak to 
have occurred between July 29 and August 9 • 

• Talkeetna Station counts totaled 2,529 pink salmon. The 
migration period was found to be similar to that at 
Sunshine Station: the migration reached Talkeetna on 
July 27, reached a midpoint on August 6 and ended on 
August 20. Seventy-five percent of the escapement passed 
Talkeetna Station between July 29 and August 9. Peak 
fishwheel catches occurred between August 1 and 10. 

• At Curry Station, the pink migration began on July 31, 
reached a midpoint by 8 August and terminated approxi
mately August 19. Between August 4 and 19, 75 percent of 
the escapement passed Curry Station. 

Popu 1 at ion estimates derived from tag and recapture data 
indicate that approximately 49,500 pink salmon passed 
Sunshine Station, 2,300 passed Talkeetna Station and 1,000 
passed Curry Station in 1981, while 444,000, 73,100 and 
59,000 passed the same stations in 1982. 
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The migrational rates based on plots of sonar and fishwheel 
catch data indicate that pink sal man took an average of 
three days to reach Yentna Station from Susitna Stationt a 
distance of approximately 6. 2 miles. This represents an 
average travel speed of approximately 1. 9 miles/day. 
Between Sus itna Station and Sunshine Station, the average 
travel time was 9 days with a travel rate of 6.2 miles/day. 
Travel time between Susitna Station and Talkeetna Station 
was approximately 12 days with a travel rate of around 10 
km/day. Tag and recapture data on pink salmon indicate 
that travel time between Sunshine and Talkeetna Station 
ranged from 2 to 30 days. Pink salmon averaged three days 
of travel time or 6.2 miles/day between Talkeetna and Curry 
Stations with a range of travel time between one and 
thirteen days. 

Spawning surveys in the mainstem Susitna River did not 
reveal any spawning pink salmon. Spawning surveys in 
sloughs and side channels documented spawning pink salmon 
in Sloughs 3A, 8 and A and also in Whiskers Creek, Chase 
Creek, Lane Creekt Fourth of July Creekt Fifth of July 
Creek, Skull Creek, Sherman Creek, Indian River and Jack 
Long Creek. The highest peak spawning count within an 
index area was in Lane Creek where 291 fish were recorded. 
Peak spawning occurred in a ten-day peri ad from August 19 
to August 28. The stream survey counts are index counts 
and do not reflect the tot a 1 number of spawning fish 
present in the stream surveyed. 

Based on general information from other pink salmon produc
ing areas in Alaska, female pink salmon produce an average 
of about 2,000 eggs (Bailey 1969). Eggs hatch in mid
winter about 3-5 months after they are spawned, but fry 
remain in the gravel until April or May. Spawning and time 
of fry emergence are related to temperature regimes of the 
streams (Bailey 1969). Pink sal man fry are about 1 inch 
long when they emerge and migrate directly to the sea. 
Limited information for the Susitna drainage indicates that 
sac fry of pink salmon appeared on March 23 in Slough 11 
and Indian River and yolk sac absorption for pink fry was 
approximately 50 percent on April 11 (ADF&G 1981d). 

(ii) Other Anadromous Species 

-Bering Cisco 

The Bering cisco is a coregonid that occurs from the 
Beaufort Sea to Cook Inlet. Although Bering cisco have 
been collected from upper Cook Inlet and the Knik Armt 
the species was not known to inhabit the Susitna River 
drainage prior to 1980-1981 ADF&G studies. Interior and 
western Alaskan populations appear to be comprised of 
both anadromous and freshwater resident forms. Susitna 
River Bering cisco appear to be anadromous (ADF&G 
1981e). 
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Bering cisco were collected in the lower Susitna River 
between RM 30.1 to RM 100.8 from August to October 1981. 
The catch rate gradually increased during this period until 
it peaked between September 17 and 21; after September 23 
catches declined rapidly. Ninety-five percent of the fish 
collected were captured between RM 70.0 and RM 100.8. The 
fish were apparently undertaking their spawning migration 
up the Susitna River from Cook Inlet in August and arrived 
at Sunshine Station (RM 79) over a five-week period from 
August 25 to September 30. 

Although spawning activity may occur throughout the reach 
between RM 30 and RM 100, surveys were able to identify 
only three spawning concentrations at RM 78-79, 76-77.5 and 
74.3-74. 8. Spawning substrates were composed primarily of 
1 to 3 inch gravel.. Peak spawning occurred during the 
second week of October. Susitna River Bering ci sea appear 
to occupy their spawning grounds 15 to 20 days. After 
spawning, these fish probably rapidly migrate downstream to 
sea (ADF&G 1981e). 

- Eulachon 

The eulachon is an anadromous member of the smelt family 
that spends most of its 1 i fe in the marine environment. 
Adults are believed to live at moderate ocean depths in the 
vicinity of the echo-scattering layer and in close proxi
mity to shore. In the northern portion of its range, 
eu 1 a chon do not spawn until May. 

During 1982, the spawntng migration appeared to be composed 
of two segments - an early run that started prior to May 16 
and ended around May 31, and a 1 ate run that started about 
June 1 and ended around June 10 (Tables £.3.10 and E.3.11). 
The migration runs usually take place in larger rivers 
(such as the Susitna mainstem), but spawning grounds may be 
located in tributary systems. Eulachon are known to 
utilize the Susitna River system at least as far upstream 
as RM 48 {Trent 1982). 

(iii) Resident Species 

-Dolly Varden Char 

Dolly Varden char are an important sport fish and are dis
tributed throughout Alaska where the species occupy aquatic 
habitats ranging from coastal streams to lakes and streams 
located far inland. Dolly Varden occur in Alaska in both 
anadromous and freshwater resident forms. However, indica
tions are that in the Susitna drainage, Dolly Varden are 
not anadromous. DoJly Varden reach sexual maturity at age 
4 to age 7 and normally spawD in clear water streams during 
the fall. 
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Only two Dolly Varden were taken in the Cook Inlet to Devil 
Canyon reaches from November through May 1981. From June 
through September 1981, the occurrence of Dolly Varden 
increased Catches of Dolly Varden peaked in June and 1 ate 
September; largest catches per unit effort were recorded at 
the mouths of tributary streams. Higher catches during 
late June and July coincided with peak migration periods of 
pink, chum and sockeye salmon; higher catches during 
September can be attributed to Dolly Varden moving into 
their spawning areas within clear water tributaries and the 
beginning of out- migration into their wintering habitat. 
Sexually mature fish were found in September and October 
and Dolly Varden displaying spawning behavior were observed 
on October 2 in Upper Indian River (ADF&G 1981e). 

- Rainbow Trout 

Rainbow trout are one of the most valued sport fishes in 
North America. Susitna River sport harvest and effort 
levels have steadily increased over the past five years. 
The general life history is discussed by Morrow (1980) and 
Scott and Crossman (1975). 

Low numbers of rainbow trout were collected throughout 
winter months (November-May 1981) from RM 10 to RM 133 at 
seven tributary and four mainstem locations. During summer 
(June-September 1981), rainbow trout were captured from RM 
10 to RM 148 near Portage Creek but not in the impoundment 
reach. Portage Creek represents one of the northernmost 
boundaries of the native range for rainbow trout in North 
America. The most consistent catches were associated with 
tributary mouths and sloughs between Talkeetna and Devil 
Canyon. Age groups 2, 4, and 5 made up a majority of the 
fish collected (ADF&G 1981e). 

Catches peaked in late June bet\'leen Talkeetna and Devil 
Canyon and again during the first two weeks of September 
throughout the drainage. The June peak was probably due to 
the presence and movements of spawning fish, while the high 
in September probably reflected movement downstream into 
winter habitat (ADF&G 1981e). 

- Arctic Grayling 

The Arctic grayling is also one of the most important sport 
fishes of Alaska and Northern Canada and contributes 
substantially to the sport fishery of the Susitna River and 
its tributaries. Grayling are generally residents of 
clear, cold streams and lakes {Scott and Crossman 1973). 
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Si 1 t-1 aden gl aci a 1 systems, such as the Sus itna Rive~, are 
believed to support relatively few grayling; however, such 
systems man provide essential migratory channels and over
wintering habitat (ADF&G 1981e). The Arctic grayling is 
characterized by Reed (1964) as a migratory species. 
During spring breakup, from April to June, adults migrate 
from ice-covered lakes and large rivers into clear, 
grave 1-bottomed tributaries to spawn (Morrow 1980). In 
Alaska, Arctic grayling reach sexual maturity at age 2 to 7 
years and are capable of spawning several times during 
their lifetime. After spawning, the adults move from the 
spawning areas to spend the rest of the summer feeding on 
aquatic and terrestrial insects taken from the aquatic 
drift (Vas cotta 1970). A downstream migration back to 
overwintering areas in 1 arge rivers and deep 1 akes occurs 
in late August to mid-September (Pearse 1974). 

During 1980-81 ADF&G studies, grayling were captured be
tween Alexander Creek (RM 10.1) and the upper reaches of 
the impoundment area. Catches were 1 ow throughout winter 
months, but increased sharply in May, both be 1 ow and above 
the impoundment area. Be 1 ow the impoundment area, catches 
increased during the peri ad May 1-15 and then declined at 
all habitat locations throughout the summer until catches 
again increase at tributary mouths in September. Within 
the impoundment area, catches were highest in June and July 
in upper stream reaches and declined towards the end of 
summer and early fall (Table E.3.12). 

Changes in di stri but ion and catch of grayling appeared to 
be associ a ted with mi grat i ana 1 movements to spawning 
grounds and overwintering areas that may have been in it i
ated in response to surface water temperature (ADF&G 
1981e). Below the impoundment area, high catches in May 
could be associated with migration from the mainstem 
Susitna into nonglacial tributary spawning grounds. High 
catches in September are probably associated with migra
tional movements back to overwintering areas in the 
mainstem Susitna. 

Within the impoundment area in May and June, grayling 
appeared to move upstream into pool-type habitat in tribu
taries where they had spawned. The movement may be associ
ated with increasing water temperatures (ADF&G 1982a). As 
surface water temperatures began to decrease in late summer 
and early fall, lower numbers of fish were observed in 
these upper stream reaches and tagged fish were observed 
migrating downstream. Small-scale distribution patterns 
and abundance within upper stream reaches appeared to be 
determined primarily by streamflow and channel morphology. 
Preferred grayling habitat appeared to be characterized by 
high pool/riffle ratios, large deep pools and moderate 
velocities (ADF&G 1982a). 
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Additional distribution patterns in the impoundment reach 
were documented by tagging and releasing 2,511 grayling 
during 1981 (ADF&G 198lf). Many tributary fish appeared to 
move into the Susitna mainstem for overwintering. Analysis 
indicates that there is a wide range of intertributary 
migration as well as movement within individual 
tributaries. There were also indications that: 

• The proposed impoundment area is occupied by gray1 i ng 
that make use of other tributaries in regions that will 
not be inundated; and 

• Overwintering areas are available outside the proposed 
impoundment zone. 

Grayling population estimates were made only for the im
poundment reach. The estimate was 10,300 grayling over 6 
inches long (95 percent confidence level) with a range of 
9,200 to 11,700. This estimate would fndicate an average 
of approximately 500 adult graying per clear water tri bu
tary mile or 120 per river mile including the mainstem 
Susitna in the area to be inundated, assuming an even dis
tribution. Population estimates for individual tributaries 
are given in Table £.3.13. 

There was no evidence of spawning at any sampling locations 
between Cook Inlet and Devil Canyon or in the impoundment 
reach during 1981. However, it is speculated that adult 
grayling from the mainstem Susitna below Devil Canyon mi
grate into nonglacial tributaries to spawn some time in 
late April or May. In the impoundment reach, it is thought 
that spawning occurs from late April through early May 
under ice or during mid-May spring floods in the lower 
reaches of all eight tributary samples. Sui tab 1 e spawning 
habitat, i.e., proper spawning gravel in pool regions, was 
observed in each stream (ADF&G 1982a). Assuming other 
conditions for spawning are favorable, it is not considered 
likely that spawning habitat is a limiting factor for 
grayling. 

- Lake Trout 

lake trout were collected only in Sally Lake and Deadman 
Lake 1 ocated upstream from De vi 1 Canyon. Both 1 akes sup
port a limited sport fishery. Of the two lakes, only Sally 
Lake wi 11 be inundated by the proposed Watana impoundment. 
All lake trout were captured within 128ft of the shoreline 
in 1 ess than 5. 9 ft of water. A total of 35 1 ake trout 
were captured, 32 in Sally Lake and 3 in Deadman Lake. All 
Deadman Lake fish were captured by hook and 1 i ne, while 
gill nets produced the greatest results in Sa 11y Lake. Age 
group 5 dominated the collections. During mid-August, both 
pre- and post-spawning lake trout were captured in Sally 
Lake. 
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- Burbot 

In Alaska, burbot are distributed in the Susitna and Copper 
rivers, Bristol Bay drainages, throughout the interior and 
in the arctic (Mclean and Delaney 1978). Burbot mature 
between age 3 and 6 in Alaska and may live a total of 15-20 
years. Spawning generally occurs between mid-December and 
Apri 1 in shall ow water over a substrate of sand or gravel. 
Movements and migration of burbot are not well documented. 
Burbot support a limited sport fishery in the Susitna. 

During winter (November, 1980 through May, 1981) burbot 
were captured throughout the reach between Cook Inlet to 
Devil Canyon. The highest catch rates were recorded 
downstream of Ta"lkeetna particularly at the mouth of the 
Kroto Creek and Alexander Creek as we 11 as four mai nstem 
sites upstream of Talkeetna. 

During summer, distribution of burbot and catch rates 
between Cook Inlet and Talkeetna and ·in the impoundment 
reach increased as summer progressed with maximum in 
September. In the Talkeetna to Devil Canyon reach, 
distribution declined from early June until mid-July, then 
increased along with catch rates thoughout the remainder of 
summer. In the Talkeetna to Devil Canyon reach, burbot 
catches during low flows were restricted to the mainstem, 
deeper sloughs and side channels. During high flows, 
bur bot were captured at a greater number of 1 ocati ons 
including shallow side channels, sloughs and tributary 
mouths (ADF&G 1981e). 

Age groups 4, 5 and 6 made up the majority of burbot caught 
in the impoundment zone and age groups 4, 5 and 8 made up 
the majority of burbot caught between Cook Inlet and Devil 
Canyon. Population estimates were not made in any of the 
reaches (ADF&G 1981e, 1981f). 

Although no observations of spawning burbot were made 
during the 1980-81 season, collection of female burbot in 
early September with well developed eggs and collection of 
spent bur bot from November to May suggested that 1 ower 
Susitna River· bur bot may spawn between December and 
January. Both sexually ripe and unripe mature burbot 
observed from June through September indicate that 
nonconsecutive spawning occurs for Susitna River burbot. 
Location of spawning and rearing areas in the Susitna were 
not documented, although juvenile burbot were captured at 
the Alexander and Kroto creeks (ADF&G 1981e). 
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- Round Whitefish 

Round whitefish are distributed across all of arctic and 
interior Alaska. They are normally abundant in clear water 
streams with gravel-cobble substrate but can be found in 
large glacial rivers and lakes. Whitefish mature at age 
4-7 and spawning occurs in late September through October 
over gravel substrate in the shallows of rivers and inshore 
areas of lakes (Morrow 1980). Upstream migrations are 
often associated with spawning. 

Round whitefish were captured at only four locations (all 
below Talkeetna) during 1980-1981 winter studies. The fish 
were all captured as they moved upstream during March and 
May. The presence of whitefish near the mouths of tri bu
tary strea.ms in March and May after none had been caught in 
the same locations between November-February, indicates a 
general pattern of movement into the various tributaries in 
the spring (ADF&G 1981e). 

During summer, the incidence of fish in catches between 
Cook Inlet to Devil Canyon was higher and peaked in June 
and September. The most productive sites were Anderson 
Creek, Slough 10 and 11 and Portage Creek mouth. Most pre
valent age groups were age 3, 4, and 5 (ADF&G 1981e). 
During summer, round whitefish were also captured in the 
impoundment reach with the percentage of incidence dropped 
July to September. Jay and Kosina Creeks were the most 
productive areas for round whitefish in the impoundment 
reach. Age group 7 was encountered most frequently (ADF&G 
1981f). 

- Humpback Whitefish 

In Alaska, there are three closely related species of 
whitefish in the genus Coregonus: the humpback whitefish, 
Alaska whitefish and the lake whitefish. Because of 
similar appearance and overlapping distributions, the data 
collected on the three species has been reported under the 
general heading of humpback whitefish. 

Alaska whitefish are largely stream inhabitants and under
take lengthy up- and downstream migrations to and from 
spawning grounds. Spawning occurs in September-October. 
Lake whitefish occur primarily in lakes but spawn only in 
rivers or creeks. Spawning occurs between October and 
December. Humpback whitefish is apparently the only 
species of whitefish that can be considered anadromous 
although migration habits vary widely in different systems. 
Spawning migrations generally begin in June with spawning 
in October-November (Morrow 1980). 
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During winter, a single humpback whitefish was captured 
be 1 ow the mouth of Montana Creek. During summer, peak 
catches were made in early June and 1 ate September (ADF&G 
198le). Largest catches per unit effort were recorded at 
the mouth of Anderson Creek, the mouth of Portage Creek, 
and a slough at RM 23. 8. Generally humpback whitefish were 
most abundant in the Cook Inlet to Talkeetna reach. Fish 
collected ranged from ages 2 to 7; age 4 was the 
predominant age group (ADF&G 1982e). 

No evidence of humpback whitefish spawning was collected at 
any sampling 1 ocati on bet week Cook Inlet and De vi 1 Canyon 
in 1981. Inspections of dissected fish caught from mid
September to early October showed well. developed gonads but 
fish were not ready to spawn. Because no whitefish were 
caught or observed after 7 October, it was specula ted that 
spawning must occur sometime after this date (ADF&G 
1981e). 

- Longnose Sucker 

The longnose sucker, the only representative of the sucker 
family found in Alaska, is ubiquitous and occurs in most of 
the mainland drainages. Spawning usually occurs in spring 
after ice out. Spawning runs (i.e., movement from lakes 
into inlet streams or from deep pools into. shallower 
gravel-bottomed stream areas) are initiated when water 
temperatures exceed sac. The 1 ongnose sucker feeds almost 
exclusively on benthic invertebrates but will occasionally 
ingest live or dead fish eggs (Scott and Crossman 1973). 

Longnose suckers were co 11 ected throughout the study area 
from Cook Inlet to the upper reaches of the proposed 
impoundment area. No specimens were co 11 ected during 
winter sampling. During summer, adult suckers were 
captured in the impoundment zone from May-September, 
generally near the confluence of the tributary streams 
(ADF&G 1981f). During the same period, the percentage of 
habitat locations where fish were collected was relatively 
high in June from Cook Inlet to Devil Canyon with lower 
catches recorded during July and August. The percentage 
increased again during September from Cook Inlet to 
Talkeetna but not between Talkeetna and Devil Canyon. 
Anderson Creek, Kroto Creek, Sunshine Creek and mai nstem 
Susitna River (RM 40.6) were the most productive locations. 
The most preva1 ent ages were 4, 5 and 6. Juveniles were 
consistently captured below Curry Station. Their 
di str i but ion shifted downstream as the season progressed 
(ADF&G 1981e). 
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- Threespine Stickleback 

Threespine stickleback generally inhabit shallow areas in 
bays, estuaries and in rivers not more than a hundred miles 
upstream from the coast. Wintering areas tend to be in 
deeper waters. Stickleback feed mainly on small crusta
ceans and insects. 

Threespine stickleback were collected in the Cook Inlet to 
Devil Canyon reach of the Susitna River from Alexander 
Creek to the mainstem Susitna Island site. Catches per 
unit effort in the Cook Inlet to Talkeetna reach were 
higher, overall, than those in the Ta 1keetna to Devil 
Canyon reach. The number of habitat 1 ocat ions that pro
duced threespine stickleback was highest in June and de
c 1 i ned steadily to September. The higher percentage in 
early summer indicated that fish had been involved in 
spring spawning movement. This activity was not observed 
in September (AOF&G 1982a). 

- Cottids 

All sculpin species captured in the Susitna River have been 
grouped under the general heading of cottids. The slimy 
sculpin is the most common cottid found in the Susitna, 
although there is a pass i bil ity that three other species 
may be present below the impoundment area. 

Between November 1980 and October 1981, cottids were cap
tured throughout the Cook Inlet to Devil Canyon reach of 
the Sus itna River (AOF&G 1981e). The catch rate in the 
impoundment area from May to September was 0.11/trap day 
(AOF&G 1981 f). The percentage of sampling 1 a cations pro
ducing catches in the Cook Inlet to Talkeetna portion of 
the reach, reached a high in late August and a low in late 
July. For the Talkeetna to De vi 1 Canyon reach, there was a 
high in early July and a low in late September. Habitats 
associated with clear water tributaries consistently pro
duced the highest catches throughout the study area from 
Cook Inlet to above the proposed impoundment zone (ADF&G 
1981e, 1981f). 

- Lamprey 

The Arctic lamprey, one of four lamprey species that occurs 
in Alaska, was observed in the Susitna River during 1981 
(ADF&G 1981e). The Pacific lamprey, an anadromous species 
that has been reported to range into the Lower Susitna 
River {Morrow 1980) was not observed during 1981 
investigations. 

E-3-33 

-
-



-

-

.-
-

-

-

Some populations of Arctic 1 am prey are composed of both 
anadromous and freshwater forms. It was speculated that a 
portion (30 percent) of the Susitna population is anadro
mous based on analysis of length frequencies (ADF&G 1981e). 
The anadromous form is parasitic; hosts include adult 
salmon, trout, whitefish, ciscoes, suckers, burbot and 
threespine stickleback (Heard 1966). The freshwater forms 
have been reported to be both parasitic and non-parasitic. 

Arctic 1 amprey spawn during the spring in streams of low to 
moderate flow. Eggs develop into a larval stage, which 
spend one to four years burrowed into soft substance. 
After an indefinite period, adults migrate upstream to 
spawn. 

Arctic 1 amprey were captured at 14 sampling sites between 
RM 10 and RM 101 that were surveyed from November 1980 
through September 1981. During the winter surveys, the 
only habitat site to produce Arctic lamprey was Rustic 
Wilderness, where one lamprey was captured. All other 
lamprey were collected during the summer months. Lamprey 
were not co 11 ected in the impoundment area ( ADF&G 1981e) . 

The highest catch frequency was recorded during the 
September 1 to 15 sampling period. All 1 amprey taken were 
collected at tributary sites downstream of RM 50.5. The 
lowest incidence of capture for this species during the 
summer was observed in the July 16-31 sampling period 
( ADF&G 1981e). 

(b) Habitat Utilization 

The physical conditions associated with the free-flowing charac
teristics of the Susitna River provide essential aquatic habitat 
for fishery resources. Alteration of this physical environment 
would ultimately affect associated fish populations. The complex
ity of the aquatic habitat and physical interactions that exist is 
compounded by the effects of seasonal and yearly f1uctuations in 
physica1 habitat components. 

Most of the baseline description for Susitna River aquatic habitat 
presented below is based on reports of habitat evaluation studies 
conducted by ADF&G during the 1980-81 winter and 1981 summer fi e1d 
seasons (ADF&G 1981c, 1982a) and by results of continuing studies 
in the 1981-82 season. These studies have attempted to identify 
seasonal habitat characteristics of selected anadromous and resi
dent species within the study area. 

Species occurrence, re1ative abundance, and the significance of 
aquatic habitat to species and important life history stages is 
discussed below for each of the three defined study reaches. 
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The gradation of habitat types available in the Susitna River were 
grouped into four classes: mainstem, side channel, slough and 
tributary mouth. Each of these habitat types encompass a range of 
physical attributes rather than a set of fixed characteristics. 

- Mainstem habitat consists of that portion of the Susitna River 
that conveys streamflow at all times. Both single and multiple 
channel reaches are included in this category. The physical 
characteristics of mainstem habitat in the Susitna River reflect 
the integration of the streamflow, sediment, and thermal regimes 
of the upstream basin with the topography and geology of a par
tiCIJl ar river segment. Groundwater and tributary inflow are 
generally inconsequential contributors to streamflow within a 
river segment. Total sediment load and suspended sediment con
centrations are primarily dependent upon glacial melt. Stream 
temperature responds primarily to metrological conditions and 
direct 1 y influence i ntergravel water temperatures (Tri hey 
1982). 

- Side-channel habitat consists of those portions of the Susitna 
River that normally convey streamflow during the open-water 
season but which become appreciably dewatered during periods of 
low flow. In general, shallower depths, lower velocities and 
smaller streambed materials occur in side-channels than occur in 
the mainstem. However, the streamflow, sediment and thermal 
regimes of side-channel habitats respond directly to mainstem 
conditions. Tributary and groundwater inflow may prevent side
channel habitats from becoming completely dewatered as mainstem 
flows receed; however, the presence of these inflows is not con
sidered a necessary component in order for side-channel habitat 
to exist {Trihey 1982). 

-Sloughs are spring-fed perched overflow channels which convey 
glacial meltwater from the mainstem during moderate and high 
flow periods. At intennediate and low flow periods, the sloughs 
convey clear water from local runoff, tributary inflow and 
groundwater. Sloughs are generally found on the downsream side 
of old, well-vegetated point bars. The streambed elevation in a 
s 1 ough is no tab 1 y higher at the upstream entrance than at the 
mouth, sloughs function 1 ike small stream systems. Several 
hundred feet of channel exist in each slough which convey water 
without the influence of the main stem backwater (Trihey 1982). 

The physical characteristics of the slough habitat appears to 
depend upon the interaction of four principal factors: the dis
charge of the mainstem Susitna River, surface runoff patterns 
from the adjacent catchment area, local groundwater flow contri
butions, and ice processes within the river system. These four 
principle factors interact to varying degrees during different 
portions of the year to provide a unique habitat type along the 
margins of the Susitna River (Trihey 1982). 
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The amount of streamflow in the mai nstem of the Susitna River 
influences habitat conditions in the sloughs in two ways: 1) 
causes a backwater effect at the mouth of the slough which 
facilitates access into the s 1 ough and 2) flushes debris and 
fine sediments from the slough. Local surface runoff con
tributes a greater portion of the clear water flow to the slough 
than the groundwater upwelling during the ice-free period of the 
year. During winter months, groundwater provides nearly all of 
the.flow which exists in the sloughs. Even flow that enters the 
slough from a tributary originated in the tributary as ground
water. The groundwater upwelling in the sloughs, maintains an 
open-water conditions (Trihey 1982). 

Ice processes in the mainstem river are also very important in 
maintaining the character of the slough habitat. Besides flush
ing debris and beaver dams from the sloughs which could be 
potential barriers to upstream migrants during periods of low 
flow, mainstem river ice processes are also considered important 
for maintaining groundwater upwelling in the sloughs (Trihey 
1982). 

- Tributary habitat consists of the full complement of habitats 
which occur in the smaller tributary streams of the Susitna 
River. The streamflow, sediment, and thermal regimes reflect 
the integration of the hydrology, geology and climatology of the 
tributary drainage. Therefore, physical characteristics of 
tributary habitat are not dependent on mainstem conditions which 
exist at the tributary mouth. The stage of the mai nstern river 
causes a backwater effect which extends into the tributary and 
the tributary flow creates a clear water plume in the rnainstem. 
This interaction provides another type of habitat (tributary 
mouth) which is considered a subset of tributary habitat (Trihey 
1982). 

(i) Impoundment Zone 

The impoundment reach of the Susitna River from Devil 
Canyon to the Oshetna River flows through a steeply cut, 
degrading channel. From the De vi 1 Canyon dams i te upstream 
to Fog Creek, the river forms one channel, which lies in a 
deep valley with an average gradient of 20ft/mile. From 
Fog Creek to the Oshetna River, the river is wider and 
often splits into two or more channels with an average 
gradient of approximately 12 ft/mil e. Substrates through
out the impoundment reach and mouths of tributaries gen
erally consist of rubble, cobble and boulders, often 
embedded in sand; gravels are present in some locations 
(ADF&G 1981c). 

Because of the inaccessibility of the Devil Canyon area and 
the apparent lack of suitable fisheries habitat, the study 
area was limited to that section of the Susitna River from 
Fog Creek to the Oshetna River (ADF&G l981c). Based upon a 
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preliminary reconnaissance of the upper Susitna River basis 
(AOF&G 1977), eight major tributaries were selected for 
fisheries studies: Fog and Tsusena creeks in the vicinity 
of the proposed Devil Canyon impoundment; and Deadman, 
Watana, Kosi na, Jay and Goose Creeks and Oshetna River in 
the proposed Watana impoundment. For the purpose of this 
study, the first 1.0 mile of these streams from their con
fluence with the Susitna River were sampled. To assess 
mainstem utilization, sampling was conducted in an area 300 
ft up and downstream of a tributaries confluence with the 
Sus itna. 

Overall trends for physiochemical parameters measured in 
this mainstem reach during May to September (ADF&G 1982a) 
included: 

• Well-oxygenated water {9.0-14.1 mg/1); 

• pH values near seven or slightly higher {6.8-7.9); 

• Moderate conductivity values {44-248 umhos/cm); 

• Water surface temperatures in the range of 1.5-12.6°C; 
and 

• Low turbidity levels in the tributaries (0.3 to 19 NTU) 
compared to the mainstem {10 to 175 NTU). 

Mainstem Habitat Near the Confluence of Major Tributaries 

• Species Occurrence and Relative Abundance 

Although adult chinook salmon were documented to RM 158.2 
in 1982, no other anadromous species were reported in the 
mainstem Susitna in the impoundment reach (Trent 1982). 
This supports the current opinion (ADF&G 1982a) that 
hydraulic characteristics of the Susitna River at De vi 1 
Canyon may act as a barrier to upstream salmon movement. 

Occurrence of resident species in the mainstem is limited 
to six species: Artie grayling, longnose sucker, humpback 
whitefish, round whitefish, Dolly Varden and bur bot. The 
longnose sucker, round whitefish and burbot were almost 
exclusively captured in the mainstem near the mouths of 
the tributaries. Based on tagging studies, the Arctic 
grayling occupied mainstem locations primarily during 
winter • 

• Significance of Habitat 

The mainstem Susitna River in the impoundment reach 
appears to provide primary overwintering habitat and es
sential migration routes between tributaries for Arctic 
grayling {ADF&G 1981f). 
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Bur bot appear to use the mai nstem immediately up or down
steam of tributaries as year-round habitat. All burbot 
catches in the impoundment area were made in the mainstem 
between May and September (ADF&G 1981f). It is unlikely 
that tributaries would be utilized during winter months be
cause of ice conditions. 

Round whitefish and longnose suckers also appeared to use 
the mainstem near tributary confluences as year-round habi
tat. No spawning or rearing areas were identified (ADF&G 
1981f). 

- Tributaries 

( i i ) 

• Species Occurrence and Relative Abundance 

At least two resident species, Arctic grayling and cottids, 
occur in tributaries. Other species captured near the 
mouths of tributaries are discussed above under Section (i). 
These species are expected to occur in tributaries. 

Relative abundance estimates for grayling indicate that 
approximately 500 grayling greater than 6 inches per clear 
watertributary mile are present with a population estimate 
of 9,200 to 11,700 total for the impoundment zone. Total 
catch of cottids was 38 in 352 trap days. 

Significance of Habitat 

Tributaries are primarily utilized by grayling as spawning 
and rearing habitat (ADF&G 1982a). Although spawning has 
not been observed in the impoundment zone, suitable spawning 
habitat (sandy gravel) has been observed in all of the tri b
utaries sampled, and it is likely that spawning occurs in 
the lower reaches of these tributaries (Morrow 1980). Gray
ling that have completed spawning move upstream into areas 
that have pool type habitats where they remain throughout 
the summer. Large, deep streams with a high pool/riffle 
ratio and moderate streamflow velocity (below 2.0 ft/sec), 
such as the Oshetna River and Kosi na Creek, appear to 
provide optimal habitat (ADF&G 1982a). Clear water tri b
ut aries produced the highest catch rates for cottids. 

Talkeetna to Devi 1 Canyon 

In the reach of the Susitna River from Talkeetna to Devil 
Canyon the river channel is relatively stable, straight to 
meandering with minimal braiding, and is restricted by sur
rounding hills. Numerous islands, gravel bars and sloughs 
are present. Flow alternates between a single channel and 
split channels throughout the reach. Between Talkeetna and 
Curry (RM 120. 7) the approximate gradient is 11.2 ft/mil e. 
Typical substrate between Talkeetna and Curry is gravel, 
rubble and cobble with small amounts of sand and silt. Above 
Curry the substrate varies from silt to bedrock. The major
ity of mainstem shoreline substrate is rubble and cobble 
whereas si 1t is the most common substrate in slough mouths 
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slow water areas. Bel ow Curry, streambank vegetation is 
dense spruce/hardwood forest. Tributaries to the Susitna 
River in the Talkeetna to Devil Canyon reach include 
Whiskers Creek, Lane Creek, Fourth of July Creek, Go 1 d 
Creek, Indian River and Portage Creek, in addition to num
erous smaller streams draining the surrounding hillsides. 

A breakdown of the habitat study sites in the Talkeetna to 
Devil Canyon reach includes 11 slough sites, 8 mainstem or 
side channel sites and 5 tributary sites. Range for phys
iochemical parameters measured in this reach from 1"1ay to 
September, 1981 are shown in ADF&G (1982a). Ranges given 
for tributary sites included all of the sampling sites from 
that particular tributary. Overall trends for physiochemi
cal parameters measured in this reach included: 

• High dissolved oxygen (8.8-12.8 mg/1); 

• Moderate conductivity readings, (15-222 umhos/cm); 

• pH valves in the range of 5.1-7.8, slightly lower than 
the impoundment reach or downstream. · Ti rbutari es, such 
as Whiskers Creek and Indian River, had slightly lower pH 
values than mainstem or slough sites; 

• Turbidity levels were generally lowest at upstream tribu
tary sites (0.4-148 NTU). Levels were also generally 
lower in downstream tributary sites and sloughs when the 
influence of the mainstem Susitna was negligible. Levels 
were highest in the mainstem (23-230 NTU); and 

- Mainstem and Side Channels 

T·h~·s.usitna River from Talkeetna· to Devil Canyon has a 
typical split channel configuration. A split channel river 
is characterized by numerous stable islands that divide the 
flow into two channels. The banks of the channels are 
typically vegetated and stable, and the floodplain is nar
row relative to the channel width. There are usually no 
more than two channels in a given reach and other reaches 
are single channel. Bed load is deposited at low flow to 

.. form gravel bars along the sides or in the middle of the 
channels. These bars ar.e typica1.1y more erodible than the 
banks. The bars, rather than the· banks, are eroded during 
floods, resuJting in a laterally_stable channel • 

. · . . ~. . ' ' . . ' . . . 

Side channels in a split river configuration may be perched 
and carry no water during periods of low flow. Maximum 
flow depths and velocities are typically less than in the 
active channel, resulting in smaller substrate materials. 
Because the mainstem provides the primary side-channel in
flow, side-channel and mainstem water qualities are simi-
1 ar. 
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• Species Occurrence and Relative Abundance 

•• Salmon 

Five species of Pacific salmon were observed in the 
mainstem or side channels of the Susitna above Talk
eetna. Studies indicate that adult salmon utilize the 
mainstem above Talkeetna from late spring into the 
fall during migration and spawning periods (ADF&G 
1981b). Approximate use periods for each species 
are: 

Chinook-mid-June through July; 
Sockey-July 23 through mid-August; 
Coho-July 30 t~rough September; 
Chum-July 28 through September; and 
Pink-July 27 through August. 

Relative abundance estimates based on 1981 escapement 
data and population estimates are given in Table 3.4 
for each for the salmon species that utilize this 
reach of the Susitna mainstem. 

Juvenile salmon are also present in the mainstem at 
various times of the year. Approximate periods of use 
and relative abundance are outlined below. 

Chinook - During winter, juveniles were most abun
dant in the mai nstem. Prior to June 1 through the 
end of July, age 1+ juveniles were abundant as they 
were observed moving downstream in the mainstem. 

Coho- During winter, coho are most abundant in the 
mai nstem. During summer they are slightly less 
abundant in the mai nstem than at the tributary 
mouths. 

The analysis of the 1982 smolt trapping program will 
provide an increased understanding of juvenile sock
eye, chum, and pink salmon life history in this 
reach. 

E-3-40 



Resident Species 

Resident species reported in this reach included all 
of the resident fish reported in the Susitna River 
drainage (Table E3.2) except for the Arctic lamprey 
and lake trout. Resident fish observed throughout the 
year in the mainstem include burbot and longnose 
sucker. Other resident species were most abundant in 
the mainstem primarily during winter, early spring and 
late fall. 

• Significance of Habitat 

Based on existing data it appears as through the mainstem 
Susitna River between Talkeetna and Devil Canyon is pri
marily used by anadromous and resident species as a 
migrational corridor and overwintering area. The signif
icance of mainstem aquatic habitat is discussed below for 
various species of commercial and recreational impor
tance • 

•• Salmon 

The mai nstem reach from Talkeetna to De vi 1 Canyon 
serves as a migration corridor for a relatively small 
percentage of the total Susitna River salmon 
escapement (Table E3.4). During migration periods, 
various behavioral and distribution patterns appear to 
be associated with certain characteristics of mainstem 
habitat. Water depth, velocity, channel configuration 
and location or absence of obstructions are variables 
that influence migration paths within the mainstem 
(ADF&G 198lc). 

Generally, pa!;isage of adult sa 1 man during migration 
corresponded with periods of high seasonal flow. 
according to preliminary data gathered by ADF&G 
(1982a). However, passage of adult salmon on a daily 
basis (measured by sonar), indicated that salmon 
movements decreased during periods of highest flows 
(40,000 cfs) and increased as flows subsided following 
major flow events. 

It was hypothesi zed that increased water ve 1 ocit i es 
associ a ted with peak flows discouraged passage and 
encouraged milling (ADF&G 1982a). Preliminary 
radiotelemetry investigation and gillnetting indicated 
that the confluence of the Talkeetna, Chulitna and 
Susitna rivers is a probable chum, coho and chinook 
mi 11 i ng area and that sockeye, chum, coho and chi nook 
mi11 in the mainstem one mile below Devil Canyon. 
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Little mainstem spawning was observed. Chum were 
observed spawning at four sites and coho at two of the 
six spawning sites identified in the Talkeetna to 
Devil Canyon reach. Mai nstem spawning appeared to be 
restricted by lack of suitable spawning substrate and 
upwelling (ADF&G 1982a, 1981c). 

Juvenile chinook and coho salmon appear to use the 
mainstem for overwintering. Salmon juveniles use the 
mainstem for outmigration. 

Resident Species 

Resident species other than burbot and longnose sucker 
primarily use this area of mainstem as a migration 
channel to spawning, rearing, and summer feeding areas 
in tributaries. No mainstem spawning or rearing areas 
have been located. Rainbow trout and grayling 
overwinter in mainstem habitats. 

Burbot and longnose sucker use the mainstem as year
round habitat. Burbot catches during low flows were 
restricted to the mai nstem and deep side channels. 
During high flows, bur bot were captured at a greater 
number of locations including shallow side channels. 

Slough Habitat 

The clear water originates from local surface runoff and 
ground water interception. Water upwells in the slough 
channel throughout the year keeping these areas ice free in 
the winter. Preliminary observations indicate the Susitna 
River is the primary source of the upwelling water in many 
of the s 1 oughs. Many have tributary inflow. Loca 1 runoff 
is the primary water source in slough habitats in the 
summer. 

The stage in· the mainstem controls the water surface 
elevation of the lower portion of the sloughs by forming a 
backwater that can extend some distance upstream into the 
slough. This backwater is divided into two parts--clear 
water and turbid water. The mainstem water creates a 
turbid plug at the mouth of the slough, which backs up the 
clear water in the slough. As the stage in the rna i nstem 
drops, the size and character of the backwater changes. At 
lower summer flows, approximately 8,000 to 10,000 cfs at 
Gold Creek, the backwater recedes. This reduces the depth 
of water at the entrance to the sloughs. In some cases the 
s 1 ough mouth and the rna i nstem become separated by a grave 1 
bar. 
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At high flows (20,000 to 24,000 cfs at Gold Creek) the 
Susitna River overtops the head end of the sloughs substan
tially increasing the flow through the sloughs. These high 
flows flush the fine sediments that accumulate in the lower 
portion of the sloughs. As peak flows subside and the 
stage in the mainstem drops below the head end of the 
slough discharge drops and the water in the slough begins 
to clear. 

In the summer when mai nstem temperatures are ranging from 
so to l2°C, i ntergravel temperatures in the slough range 
from 4° to 6°C. Thus, it appears that a significant amount 
of heat exchange occurs in the gravels. Some winter tem
peratures measured in the sloughs and the mainstem indicate 
that when mainstem temperatures range from 0.5° to O.l°C, 
i ntergravel temperatures ranged from 2° to 4°C Atkinson 
1982) • 

• Species Occurrence and Relative Abundance 

Salmon 

Adults and/or juveni 1 es of five sal man species have 
been observed in slough habitat between Talkeetna and 
Devi 1 Canyon. Results of escapement and spawning 
surveys indicated that adult sockeye and chum sa 1 man 
were the most numerous salmon in these sloughs during 
peak spawning periods (ADF&G 198lb). Pink salmon were 
somewhat less abundant. The abundance of coho and 
chinook was also low. Spawning counts for individual 
sloughs are reported in ADF&G (1981b). 

Studies of species occurrence and relative abundance 
of juvenile salmon in slough habitat during 1981 
indicate the following information. 

Compared to other habitats in this reach, juvenile 
chinook salmon are abundant in all sloughs during 
winter and relatively abundant in selected clear 
water sloughs during summer. 

Juvenile coho sa 1 mon are abundant at s 1 a ugh sites 
during winter and less abundant but still present 
at slough sites during summer. 

Abundance estimates for other juvenile salmon are 
limited. Preliminary data indicate that chum, pink 
and sockeye fry were present in slough habitat 
during part of the summer. A limited number of 
sockey fry were also observed in slough habitat 
during winter. 
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•• Resident Species 

All resident species reported in the Susitna drainage 
have been observed in slough habitat between Talkeetna 
and Devil Canyon except for Arctic lamprey and lake 
trout. 

Available data indicate that most species are present 
in slough habitats as well as the mainstem throughout 
winter. During summer most adult residents are not 
abundant in slough habitat. Those that were 
relatively abundant in slough habitat during summer 
included burbot, longnose sucker and rainbow trout. 
Previous studies indicated that juvenile whitefish, 
grayling and rainbow trout were abundant in slough 
habitat during late summer (Friese 1975) • 

• Significance of Habitat 

Slough habitat between Talkeetna and De vi 1 Canyon is used 
by various anadromous species primarily for spawning and 
also for rearing and overwintering of juveniles. Slough 
habitat is also important year-round, overwintering and 
rearing habitat for various resident species. The sig
nificance of slough habitat is discussed below for 
species of commercial and recreational importance. 

Salmon 

Slough habitat in this reach serves as spawning 
habitat for sockeye and chum salmon and less important 
spawning habitat for pink salmon. Factors 
contributing to the relatively high numbers of salmon 
that spawn in the majority of the sloughs in this 
reach are outlined below: 

Clear water · base flows or i gi nat i ng from sources 
such as upwelling, groundwater, or interstitial 
inflow, insure maintenance flows. 

The presence of upwelling clear water in the 
sloughs oxygenates spawning substrate, keeps si 1 t 
from compacting the spawning gravels, and provides 
a stable temperature regime that maintains 
incubating embyos through the winter. 

The mouths of sloughs act as holding areas in 
proximity to slough spawning habitat. 

S 1 oughs also serve as important rearing and overwi n
teri ng habitat for juvenile chi nook and coho sal man. 
During summer, tributary sites appear to be more im
portant chinook rearing habitat, although clear water 
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sloughs also supply rearing habitat. Coho juveniles 
appear to use s 1 oughs and tributary mouth sites for 
summer rearing. The importance of sloughs as juvenile 
overwintering and summer rearing habitat may be related 
to: 

Ice-free clear water conditions during winter com
pared to lowered flow and icing in coho and chinook 
salmon natal tribuatries; and 

rruring high summer mainstem flows the high stage of 
the mai nstem acts as a hydraulic control at the 
slough outlet and the backwater increases in the 
1 ower end of the slough. These clear water areas 
promote benthic production, which improves the qual
ity of the rearing habitat for juvenile salmon. 

Resident Species 

Slough habitat between Talkeetna and Devil Canyon is 
significant as overwintering habitat for adult rainbow 
trout, grayling and whitefish, as year-round habitat 
for adult bur bot and 1 ongnose sucker and as rearing 
habitat during 1 ate summer months for juvenile white
fish, grayling and rainbow trout. The importance of 
sloughs as overwintering habitat is related to the same 
factors as discussed above for juvenile salmon. 

No resident spawning sites were located in the sloughs 
of this reach, however spawning surveys for resident 
fish were limited (ADF&G 198lb). 

Tributary Habitat 

The mouths of tributaries between Talkeetna and Devil Can
yon are sensitive to changes in mainstem flow. At high 
flows, the mainstem creates a backwater at tributary 
mouths, thus increasing the water depth at the mouth. The 
lineal extent of the backwater in the tributary depends on 
the stage in the mainstem and the gradient of the tribu
tary. At low stages, the backwater is elminated, resulting 
in shallower water and increased flow velocities at the 
mouth. 

Small deltas are formed at the mouths of the tributaries. 
As the tributary enters the mainstem river the change in 
gradient and subsequent change in flow velocity causes the 
tributary to drop transported materials. As the stage in 
the mainstem river drops the tributaries become perched 
above the river, i.e., f1 ow across steep deltas. Were they 
to remain under low mainstem flow conditions, upstream pas
sage of adult salmon and resident fish would be inhibited 
or eliminated. However, tributary flows are sifficient to 

E-3-45 

~' 

-



-. 
' 
' 

-

-

-

cut through deltas to establish a channel at a new gradient 
(R&M 1982f). Tributaries were observed to cut through 
their deltas during the low flows of August 1982 when the 
stage in the mainstem altered the gradient of the delta. 
Even during 1 ow flows, most of the tributaries had suffi
cient energy to move the delta material (R&M 1982f). Under 
regulated mainstem flow conditions, the unregulated tribu
taries would continue to experience peak high flows that 
waul d contain sufficient energy for sediment movement. 

• Species Occurrence and Relative Abundance 

•• Salmon 

Except for sockeye salmon, the salmon species present 
in the Susitna drainage were observed in tributaries 
within the Ta 1 keetna to De vi 1 Canyon reach. Spawning 
counts for individual tributaries are given in studies 
by ADF&G (198lb). 

Species occurrence and relative abundance of juvenile 
salmon in tributaries or at tributary mouths varied by 
season and by species. Results of studies to date are 
outlined below: 

Juvenile chinook salmon are most abundant at 
tributary mouths during summer. Redistribution of 
juveniles from areas of emergence in tributaries to 
more favorable rearing habitat at the mouths of 
tributaries occurs throughout the summer as fish 
become more mobi 1 e. 

Juvenile coho were slightly more abundant at 
tributary mouth sites than mainstem sites during 
summer. 

Resident Species 

All resident species except for burbot, longnose 
sucker and 1 ake trout were most abundant in clear 
water tributaries and at the· mouths of clear water 
tributaries during summer month. Limited information 
on winter distribution and abundance indicates that 
few resident fish overwinter in tributary habitat • 

• Significance of Habitat 

Salmon 

Tributary habitat in this reach serves as primary 
spawning habitat for chinook, coho, and pink salmon. 
Chum salmon also spawn in tributaries but appear to 
utilize slough spawning habitat more than tributary 
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habitat (ADF&G 198lb). Important spawning tributaries 
include Indian River (chinook and coho), Portage Creek 
(chinook), Gash Creek (coho) and Lane Creek (pink 
sa 1 man). 

Tributaries in this reach also serve as rearing and 
summer feeding habitat for chinook and coho. Sites 
associated with tributary mouths also appear to pro
vide important milling and rearing areas for juvenile 
chi nook and coho sa 1 man. Occurrence of age 0+ coho 
was particularly high at tributary mouth sites (ADF&G 
1982a). 

Resident Species 

Between Talkeetna and Devil Canyon, tributaries pro
vi de spawning habitat, juvenile rearing areas, and 
summer feeding habitat for several resident species 
including rainbow trout, Arctic grayling, round white
fish and Dolly Varden (ADF&G 198le, 1982d). In gener
a 1, these fish migrate from mai nstem or sl a ugh habitat 
to clear water tributaries to spawn in spring (or 
early fall for Dolly Varden). Once spawning migration 
is completed, fish move into favorable tributary habi
tat for rearing and summer feeding. As freeze-up 
begins, fish migrate from tributaries to the mainstem 
or deeper pools near the mouths of tributaries. 

(iii) Cook Inlet to Talkeetna 

The Susitna River from Cook Inlet to Talkeetna is moderate
ly to extensively braided along most of the reach. From 
the inlet to Bell Island, the river is separated into two 
braided channels; from Bell Island to the Yentna River a 
single meandering channel is formed. From the Yentna River 
to Sheep Creek, the river is moderately to extensively 
braided, with forested islands and nonforested bars between 
the channe 1 s of the river. The river is reduced to a 
single channel near the Parks Highway Bridge and braiding 
becomes moderate from this point to Talkeetna. Gradients 
vary considerably in this reach. From Cook Inlet to RM 50, 
gradient is 1 ft/mile; from RM 50 to 83, it is 5.9 ft/mile 
and from RM 83 to Talkeetna, the gradient is 6.9 ft/mile. 
Typical substrate in the reach is silt and sand with some 
gravel and rubble. Major tributaries include: Alexander 
Creek, Yentna River, Kroto Creek (Deshka River), Chulitna 
River, and the Talkeetna River. Flows in these tributaries 
are considerable. As a result, only about 40 percent of 
the total flow at Sunshine Station originates in the 
Susitna River and tributaries above the confluence of the 
Chulitna River (see Chapter 2). 

Study sites located in this reach included 11 tributary 
mouth sites, 5 tributary sites, 8 slough sites, and 5 
mainstem and sidechannel sites. 
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The ranges for physiochemical parameters in this reach are 
given in ADF&G (1982a). Trends apparent in this data 
include the following: 

• Tributaries, sloughs, and the mainstem all exhibited high 
dissolved oxygen readings (7.6-12.9 mg/1) • 

• Conductivity was generally low in the tributaries (19-46 
umhos/cm) and moderately high in mainstem and slough 
sites (29-216 umhos/cm) • 

• pH values were in the 6.1-8.0 range, with tributaries 
having the lowest pH values • 

• Turbidity was lowest in tributaries, particularly Caswell 
and l~ontana creeks (0.3-1.9 NTU), and highest at mainstem 
and slough sites (2.2-255 NTU). 

Mainstem and Side Channels 

Braided river reaches such as the lower Susitna are charac
terized by two or more interconnecting channe 1 s separated 
by unvegetated or sparsely vegetated gravel bars. The 
active floodplain is wide and sparsely vegetated, and con
tains numerous high water channels and occasional vegetated 
islands. Active channels are typically wide and shallow 
and carry large quantities of sediment at high flows. Bars 
separating the channels are usually 1 ow, gravel surfaced, 
and easily erodible. The lateral stability of the channels 
is quite low; channels shift by bank erosion and/or by 
channel diversion into what was previously a high water 
channel. The lateral activity of channels within the 
active floodplain of a braided river that carries large 
quantities of bed load is expected to be high. Gravel 
deposits may partially or fully block channels, thereby 
forcing flow out of the channel to develop a new channel. 

Because braided river channels are wide and shall ow, they 
are more sensitive to flow reductions than the deeper chan
nels of a split channel system, i.e., a drop in stage could 
result in a substantial reduction in the width of the river 
and 1 oss of 1 arge areas of flow along the margins of the 
channel. 

Side channels are typically at higher elevations than main
stem channels and so are more sensitive to fluctuating 
river stages. They may be completely dewatered at low 
flows. Side channels are not subject to as high flow velo
cities as main channels and so the substrate is not scoured 
from these channels as easily. · Water quality in side chan
nels is similar to that found in the mainstem. 
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• Species Occurrence and Relative Abundance 

Sa 1 mon 

Adult salmon are reported in this reach of the main
stem during spawning migration. Generally, the migra
tion period extends from late May into September 
(specific dates are reported in Section 2.2). The 
relative abundance of adult salmon in this reach is 
high because the entire Susitna salmon run must pass 
the 1 ower sections in order to arrive at spawning 
grounds. Population estimates for the number of sal
mon that migrate to various escapement monitoring 
station~ are given in Table E3.4. 

With the exception of sockeye salmon, the majority of 
Upper Cook Inlet salmon is thought to originate in the 
Susitna drainage and therefore must migrate through 
portions of the reach of mai nstem between Cook In 1 et 
and Talkeetna. 

Juvenile chinook salmon are relatively abundant in 
this reach of the mainstem during winter months. 
Juvenile coho are less abundant and more often associ
ated with tributary mouth sites. Relative abundance 
of sockeye, chum, and pink juveniles was not assessed 
ADF&G 198ld). 

Other Anadromous and Resident Species 

Other anadromous species reported in this reach in
clude Bering cisco and eulachon. Bering cisco are 
abundant in the mainstem from August to October (ADF&G 
1982a). Eulachon are reported from Cook Inlet to RM 
48 (Trent 1982). 

All resident species reported for the Susitna drainage 
except for 1 ake trout were reported in this reach or 
the mainstem. Species reported in this reach but not 
other reaches of the Susitna include Bering cisco, 
eulachon and lamprey (ADF&G 198le) • 

. Significance of Habitat 

Salmon 

Part of this reach of mainstem habitat serves as a 
migration corridor for the entire Susitna River salmon 
run. Adult salmon movement during migration periods 
appears to show some relationship to discharge (ADF&G 
1982a). 

Salmon spawning habitat in the mainstem or side chan
nels of the reach appears to be limited and is compar
able to the spawning habitat discussed for the Talk
eetna to Devil Canyon reach. Of the six mainstem or 
side channel spawning sites identified, chum salmon 
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occupied six and coho salmon occupied one (ADF&G 
1981a). No mainstem or side channel spawning was 
observed for chinook, or sockeye salmon. Mainstem and 
side channel spawning habitat is probably restricted 
because of lack of suitable spawning substrate ~nd 

upwelling, which contributes to spawning substrate 
suitability. 

Mai nstem habitat also provides important overwintering 
for chinook and coho salmon juveniles, limited summer 
rearing habitat and a migrating channel for smelt out
migration • 

•• Other Anadromous and Resident Species 

The mai nstem from Cook Inlet to Ta 1 keetna serves as 
primary overwintering habitat and as an important 
migration channel. Bering cisco and eulachon are ana
dromous species that use the mainstem as a migratory 
channel from Cook Inlet. Arctic grayling, rainbow 
trout, Dolly Varden, and round whitefish are resident 
fish that use the mai nstem as a migratory channel to 
tributary spawning habitat and as overwintering habi
tat. The movement from tributaries to the mainstem for 
overwintering has been inferred from capture data 
gathered during the fall and spring near tributary 
mouths. 

Mainstem habitat in this reach provides possible spawn
ing habitat for at least three species: Bering cisco, 
eul achon and burbot. Although spawning activity by 
Bering cisco may occur throughout the reach between RM 
30-100, three spawning concentrations were i dent ifi ed 
(see Section 2. 2 (b)). Spawning substrates were com
posed primarily of 1 to 3 inch gravel. 

Burbot and longnose suckers are present in the mainstem 
throughout the year and utilize the mainstem for over
wintering, spawning, and juvenile rearing. Habitat 
utilization within the mainstem is probably similar to 
that discussed above for the reach of mainstem between 
Talkeetna to Devil Canyon. 

- Slough Habitat 

In general, the sloughs below Talkeetna appear to be less 
dependent on the mainstem Susitna than the sloughs located 
above Talkeetna and Devil Canyon. During periods of 1 ow 
flow, the sloughs are primarily fed by tributaries and 
ground water upwelling and carry clear water. At high 
flows, the sloughs are essentially overflow channels for 
the mainstem and the water in the sloughs becomes quite 
turbid as it assumes characteristics of mainstem water. 
Slough water clears as the mainstem stage drops and turbid 
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water no longer enters at the head. Higher velocities 
associated with higher flows act to flush fine sediments 
from the sl a ugh. Backwaters are created at slough mouths 
when the river stage is high, but disappear at lower 
flows. 

Because they are somewhat independent of mainstem flow, the 
s 1 oughs in this reach may not be affected as severely by 
changes in the magnitude and timing of flow as those above 
Ta 1 keetna • 

• Species Occurrence and Relative Abundance 

•• Salmon 

Chum, sockeye and pink salmon adults were observed in 
slough habitat (ADF&G 1981b). No estimates of 
relative abundance were made for salmon that use 
slough habitat in this reach. 

J u veni 1 e sa 1 man occurrence and re 1 at i ve abundance in 
slough habitat is expected to be similar to that 
reported for the Talkeetna to Devil Canyon reach. 
Chinook juveniles are relatively abundant in slough 
habitat during winter and less abundant during summer. 
Juvenile coho are less abundant in slough habitat than 
in tributaries throughout the year (ADF&G 1981d). 

Resident Fish 

Occurrence and re 1 at i ve abundance of adult resident 
species in this reach of slough habitat is similar to 
that discussed for the Talkeetna to De vi 1 Canyon 
reach. The majority of resident species are present 
and relative abundance is highest beginning in late 
summer and continuing throughout winter. Adult 
residents that are most abundant in slough habitat 
during summer include burbot, longnose sucker and 
rainbow trout (ADF&G 1981e). 

Previa us studies indicated that juvenile whitefish, 
gr ayl i ng and rainbow trout were abundant in s 1 a ugh 
habitat during late summer (Friese 1975) • 

• Significance of Habitat 

Salmon 

Based on spawning surveys upstream from Talkeetna, 
slough habitat in this reach probably serves as 
spawning habitat for chum/sockeye and pink salmon. 
Factors that may contribute to the suitability of 
sloughs as spawning habitat are discussed for the 
Talkeetna to Devil Canyon reach. 
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Slough habitat may also serve as important rearing and 
overwintering habitat for juveni 1 e chi nook and coho 
salmon. The importance of sloughs as juvenile over
wintering and rearing habitat may be related to 
factors discussed above for the Ta 1 keetna to De vi 1 
Canyon reach • 

•• Resident Species 

The significance of slough habitat is similar to that 
discussed for the reach between Talkeetna to Devil 
Canyon. Slough habitat in this reach is utilized as 
overwintering habitat for adult rainbow trout, gray-
1 i ng and whitefish; year-round habitat for adult bur
bot and longnose sucker; and as rearing habitat during 
late summer for juvenile whitefish, grayling and rain
bow trout. The importance of sloughs as overwintering 
habitat is related to the same factors as discussed 
above for juvenile salmon species in the Talkeetna to 
Devil Canyon reach. No spawning sites were reported 
in the sloughs of this reach (ADF&G 1981e). 

- Tributary Habitat 

• Species Occurrence and Relative Abundance 

Sa 1 man 

All of the salmon species present in the Susitna 
drainage were observed in tributaries within this 
reach. Results of previous studies by ADF&G (1980a 
and 1980b) and 1981 surveys in tributaries upstream 
from Talkeetna indicate that the relative abundance of 
spawning for all salmon species in this reach occurs 
in tributaries. 

Species occurrence and relative abundance of juvenile 
salmon in tributaries or at tributary mouths varies by 
season and by species. Results of studies . to date 
indicate: 

Juvenile chinook salmon are most abundant at tribu
tary mouth sites during summer; tributary sites 
accounted for 95 percent of all juveni 1 es captured 
in this reach. During winter, juvenile chinook were 
less abundant and were captured near tributary 
mouths. 

Juvenile coho were relatively abundant at tributary 
mouth sites during both summer and winter. 
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Resident Species 

All resident species except for burbot, longnose 
sucker, and lake trout were most abundant in clear 
water tributaries and at mouths of clear water tribu
taries during summer. Information of winter distribu
tion and abundance indicates that few resident fish 
overwinter in tributary habitat • 

. Significance of Habitat 

Salmon 

Tributary habitat serves as primary spawning habitat 
for all salmon species occurring in this reach. 

Based on escapement counts and population estimates at 
monitoring stations along the mainstem, tributaries in 
this reach provide the majority of spawning habitat 
for chinook, coho, and pink salmon in the Susitna 
drain age. 

Other Susitna River investigations have revealed that 
all adult salmon mill to some degree in the mainstem 
and that it is not uncommon to find adult salmon in 
the mainstem well upstream of their spawning dest ina
tion (ADF&G 1974 and ADF&G 1975). 

Tributary habitat in this reach also supports rearing 
and summer feeding habitat for juvenile chinook and 
coho salmon. Sites associated with tributary mouths 
appear to provide particularly important rearing areas 
for juveni 1 e chinook and coho salmon. Occurrence of 
age 0+ coho was particularly high at tributary mouth 
sites during summer. In addition, tributary mouth 
sites in these reaches appeared to provide overwinter
ing habitat for juvenile coho salmon. 

Other Anadromous and Resident Species 

Tributary habitat in this reach, similar to the Talk
eetna to Devil Canyon reach, apparently provides 
spawning habitat, juvenile rearing areas, and summer 
feeding habitat for rainbow trout, Arctic grayling, 
round whitefish and Dolly Varden (ADF&G 1981e). In 
general, these fish migrate dudng spring (early fall 
for Dolly Varden) from the mainstem or slough habitat 
to clear water tributaries to spawn. Once spawning is 
completed, fish move into favorable tributary habitat 
for rearing and summer feeding. As freeze-up begins, 
fish migrate from tributaries to the mainstem or 
deeper pools near the mouths of tributaries. Habitat 
characteristics that influence grayling distribution 
and abundance within tributary habitat are discussed 
above for the impoundment reach in Section 2.3(a). 
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(c) Streams of Access Road Corridor 

( ; ) 

( i i ) 

Stream Crossings 

The access road to the Watana and Devil Canyon damsites will 
depart from the Denali Highway and proceed south to Watana. 
From there, the road will traverse the north side of the 
Susitna River to the Devil Canyon dam site. A railroad spur 
from Go 1 d Creek wi 11 connect to Dev i 1 Canyon. The access 
road corridor contains at least 37 streams and rivers in 
both the Nenana and Susitna River drainages. 

From the Denali Highway to Watana, the road will cross Lily 
Creek, Seatt 1 e Creek and Brushkan a Creeks, as we 11 as numer
ous unnamed streams. These streams are tributaries of the 
Nenana River, which supports populations of grayling, 
northern pike, whitefish, burbot, and slimy sculpin in this 
reach. Tributary streams are assumed to contain at least 
grayling and sculpin. 

The upper reaches of Deadman Creek wi 11 also be crossed by 
the Watana access road. This creek is a tributary of the 
Susitna River and is considered important grayling habitat. 

Between the Watana and Devil Canyon dam sites, the access 
road wi 11 cross Tsusena and Dev i 1 Creeks. The streams con
tain grayling and may contain cottids, whitefish, longnose 
sucker~ and Dolly Varden. 

The road will cross the Susitna River approximately 2 miles 
below the Devil Canyon dam site. Salmon and probably gray-
1 ing, whitefish, cottids and longnose suckers occur in the 
vicinity of the crossing. The habitat in this reach of the 
Susitna is considered less productive than in reaches 
further downstream. 

The railroad between Devil Canyon and Gold Creek will cross 
Jack Long Creek and Gold Creek. Jack Long Creek contains 
pink, coho, chinook, and chum salmon. Gold Creek has been 
documented to contain chinook salmon {ADF&G l982c). Three 
unnamed tributaries of the Susitna River will also be 
crossed. These most likely do not contain fish due to their 
step gradients, but they are considered important sources of 
clear water to sloughs 19 and 20, which are salmon spawning 
areas. 

Streams Adjacent to Road Corridors 

In addition to crossing streams, the access road will par
a 11 el some streams, part i cul arl y Deadman and Jack Long 
creeks. The fisheries resources of both are described in 
Section 2.4(a) above. Devil Creek also will be paralleled 
by the access road for some distance. 
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(d) Streams of the Transmission Corri dar 

Transmission 1 ines will be built from Watana and Devil Canyon to 
Gold Creek a.nd from there to Anchorage and Fairbanks. From Watana 
to Gold Creek, the transmission line route is primarily south of 
the Susitna River. 

Resources of this segment are described in Commonwealth et al 
(1982). At least 27 major salmon streams including Willow Creek,. 
Kashwitna River, Talkeetna River, Chulitna River and Indian River 
will be crossed by the intertie and, presumably, by the additional 
lines to be built in conjunction with the Susitna hydroelectric 
project. Many of the streams are likely to contain grayling, 
rainbow trout, Dolly Varden and cottids in addition to salmon. 

South of Wi 11 ow, the transmission 1 ine wi 11 be routed between the 
Sus itna River and the Parks Highway for much of its 1 ength. It 
will cross Fish Creek and the Little Susitna River as well as many 
unnamed streams. The Little Susitna is a productive fish stream 
and contains coho, pink, chinook, chum and sockeye salmon, as well 
as rainbow trout, Dolly Varden and grayling. Fish Creek is known 
to support chinook, sockeye and coho salmon and possibly rainbow 
trout. The unnamed tributaries to the Susitna River most likely 
provide salmon spawning habitat. 

The transmission 1 ine crosses the Knik Arm and proceeds east and 
south to the University power substation. Knik Arm serves as a 
migration corridor for five species of Pacific salmon as well as 
other anadromous species such as eul achon and lamprey. The trans
mission line will skirt Otter Lake, which is stocked with rainbow 
trout, and will cross Fossil and Ship Creeks. Fossil Creek is not 
considered a fish stream. Ship Creek supports populations of 
pink, chum, coho, sockeye, and chinook salmon as well as Dolly 
Varden and rainbow trout, but due to the heavy development along 
its reaches, it is not considered prime fish habitat. 

North of Healy, the transmisson line will cross at least 50 creeks 
and rivers including the Nenana and Tanana Rivers. These are two 
of Alaska's major rivers and provide habitat for salmon, grayling, 
whitefish, suckers, burbot, cottids, northern pike and inconnu. 

Panguingue Creek has been documented to contain coho salmon, Dolly 
Varden and grayling (Tarbox et al. 1978a, 1978b). The streams in 
the Little Goldstream vicinity are not considered to be important 
fisheries habitat due to their step gradients. While many of the 
streams go dry in the summer, some do support grayling populations 
near their mouths. L itt 1 e is known about the other streams that 
will be crossed in this segment. 
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2.3 - Anticipated Impacts To Aquatic Habitat 

Construction and operation of the proposed Susitna Hydroelectric 
Project would result in both beneficial and detrimental effects on the 
aquatic habitat and associated fishery resources in the Susitna Basin. 
Many of the potential adverse effects can be avoided or minimized 
through design and/or operation of the project, as will be described 
in Section 2.4. This section. examines the potential effects of the 
project as proposed in Exhibit A and addresses the impacts 1 ikely to be 
sustained as a result· of project construction, reservoir filling, and 
operation of Watana and De vi 1 Canyon dams. Si nee the project is a 
staged development, impacts to the aquatic habitat are presented by 
project stage, phase and river segment. The discussions focus on 
important anadromous and resident species, with 1 esser attention being 
given to other fishery resources. 

In this section the term ~impact~ refers to an effect on fish or utili
zation of aquatic habitats resulting from project-induced changes in 
the physical character i sties of the environment. Impacts refer to 
effects that are both positive and negative. The project may alter 
phys ica 1 characteristics of the aquatic environment that do not effect 
fishery resources, but these changes are not considered to be impacts. 

The description of anticipated impacts presented below is a generic 
statement addressing the types of impacts that have occurred in similar 
projects or are likely to occur under the various developmental stages 
of this project. It is based on available baseline information on the 
biology of the Susitna River fishery resources, predicted changes in 
physical characteristics, and effects of habitat alterations from 
similar activities in other basins as found in the literature. The 
discussion represents the collective understanding of the physical 
processes, habitat relationships and likely response of fishery re
sources. Many of the statements are speculative in nature and as yet 
are unsupported by specific project reports. Data collection and 
analysis programs currently planned or in progress will provide the 
basis for a quantitative impact analysis and mitigation plan. 

The majority of the anticipated impacts resulting from the project are 
associated with construction and operation of Watana Dam. Impacts of a 
lesser magnitude would likely be sustained as a result of the addition 
of the Devil Canyon Dam. Watana stage of the project waul d be con
structed first and waul d alter the character of the aquatic environment 
downstream of RM 238, the upper most extent of the reservoir. The mag
nitude of change in aquatic habitats below the damsites decreases as 
the distance from the damsites increases. Alteration of the character 
of existing aquatic environment would be most notable within the im
poundment and the 50 mi 1 e reach between the dams i tes and Ta 1 keetna. 
Lesser changes are anticipated in the 100 mile reach from Talkeetna to 
Cook Inlet. Impact issues are generally same in different reaches. 
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Secondary impacts to aquatic habitat are anticipated to arise during 
dam construction. Most of these potential impacts can be avoided 
through careful design and siting and by employing good construction 
practices. 

(a) Anticipated Impacts to Aquatic Habitat Associated with Watana Dam 

(i) Construction of Watana Dam and Related Facilities 

The analyzed construction effects are those that caul d 
potenti a·lly result in changes to the fishery resource. 
These fall into three major areas of construction related 
activity. 

- Effects of permanent or temporary alterations to water 
bodies (i.e., dewatering, alteration of flow regime, or 
alt~ration of channels); 

- Changes in water quality associated with the above (such 
as spills and effluent discharges; and 

-Direct effects of the construction activities (i.e., 
blasting, use of chemicals, noise, etc.). 

Table £.3.14 summarizes a number of the individual con
struction activities that reasonably caul d be expected to 
occur during the construction period. Each is classified 
under one of the above three categories with the potential 
direct effects that activity may have on the waterbody. 

- Watana Dam 

The construction of the proposed Watana Dam consists of 
those activities occurring from initial site preparation 
to fi 11 i ng the reservoir. The proposed dam wi 11 · consist 
of a fill structure constructed at RM 184 of the Susitna 
River. The fill will be approximately 0.75 miles wide, 
0.75 long and 88.5 ft high. Over 63 million cubic yards 
of material will be used to construct the dam. 

Prior to construction of the main fill structure, access 
will be provided and site clearing activities begun. 
During this period housing, administrative and transpor
tation facilities will be required in the site area. 
Heavy equipment wi 11 be brought to the site and construc
tion material will be stockpiled in the immediate site 
area. In addition, instream construction of two coffer
dams will be completed. The two cofferdams will surround 
the area of the main dam construction. One dam will be 
built upstream from the dam site and the other downstream 
(refer to Figure Ex hi bit F). The upstream dam will be 
approximately 800 ft long and 450 ft wide, the downstream 
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dam wi 11 be 400 ft 1 ong by 200 ft wide. Water blocked by 
the upstream cofferdam wi 11 be diverted into two 38-ft 
diameter, concrete tunnels about 4100 ft long. These 
will be constructed during a two-year period (1985-1987) 
and will remain in place until the reservoir filling 
phase begins. 

The construction of the proposed dam wi 11 have a number 
of effects on the river and its biota. Some effects will 
be the direct result of construction activities, other 
effects will result from alteration of the river environ
ment during construction. Some effects will be temporary, 
only occurring during certain periods of construction 
activity and others will be of longer duration. 

Alteration of Water Bodies 

The greatest alteration of aquatic habitat during con
struction of Watana Dam will occur at the dam site and 
in the Tsusena Creek material site. Other material 
sites wi 11 be 1 ocated in the impoundment zone at the 
construction site. At the construction site, the 
Susitna River is approximately 300 to 400 feet wide in 
a confined valley. The river bottom is sand, gravel 
and boulders; no tributaries enter the Susitna at this 
point. The first major phase of water body alteration 
is the installation of two cofferdams. The area will 
be permanently dewatered. Burbot, sculpins, and long
nosed sucker may occupy the dam site during the open 
water season. Grayling may overwinter here (ADF&G 
1981f). These fish would be displaced to adjacent 
habitats by construction activity. 

The movement of fill materials and the actual process 
of construction of the fill dam are potential contribu
tions to turbidity and siltation. During transport of 
63 million cubic yards of fi.ll material used in con
structing the dam, a small percentage may be released 
to the mainstem Susitna River. Since even a small 
percentage of the 63 million cubic yards represents a 
large amount of material, there is a potential for 
turbidity and siltation impacts from that source. In 
addition, there is a potential for silts to erode from 
fi 11 stockpiles and from the dam fill itself. The 
release of these materials can potentially alter the 
nearby aquatic habitats during dam construction and may 
result in fish avoidance of the area. These is also a 
potential for the release of suspended silts downstream 
of the dam site through the diversion tunnels leading 
downstream. 
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The construction of the dam and the presence of the two 
cofferdams surrounding the dam site requires the con
struction of two diversion tunnels to divert water past 
the construction area~ Construction of the two tunnels 
will require extensive excavation and production of 
concrete. These excavation impacts have been addressed 
above and concrete production impacts will be discussed 
below. 

Construction and operation of the diversion tunnels may 
lead to the entrainment of fish into the tunnels and 
transport below the dam site. Water velocities within 
the tunnel wi 11 serve as a barrier to fish passage 
upstream. In addition, if river transport mechanisms 
move rocks and other materials into the tunnels, or if 
the tunnels are not smooth, fish may be damaged or 
abraided while moving downstream through the tunnels. 
Experiments with fish transport indicate that fish are 
adversely affected when exposed to velocities in excess 
of 9.0 ft/sec (Taff et al. 1975). 

Tunnel velocities are expected to exceed 18 fps during 
much of the summer. Si nee few fish are expected to 
occupy this area in the summer, little impact is 
expected. During the winter, the gate will be partial
ly closed to create a head pond approximately 50 ft 
deep. Entrance velocities of the tunnel are expected 
to be in excess of 20 fps. The creation of the head 
pond in conjunction with velocities of this magnitude 
are expected to adversely affect overwintering resident 
populations. Grayling and other residents move into 
mainstem habitat to overwinter and physical conditions 
within the head pond will provide substantial over
wintering habitat. Entrance velocities of 20 fps would 
entrain fish into the tunnel resulting in fish 
mortality. 

Tunnel operation may cause scouring due to high veloc
ity discharges at the downstream end of the tunnels. 
This could result in removal of smaller gravels~ sands 
and silts from the immediate area of the tunnel dis
charge. The velocities will also tend to deter fish 
from entering the area immediately downstream of the 
tunnel (Bates and VanDer Walker 1965, Stone and Webster 
1976). 

Changes in Water Quality 

There are a variety of water quality impacts that could 
potentially occur during construction of Watana Dam. 
These generally i nvo 1 ve the discharge of run-off and 
effluents. Peters (1978) notes that under present en-
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vironmental legislation and by use of current engineer
ing practices, most impacts due to such discharges can 
be mitigated, if not eliminated altogether. Mitigative 
treatment techniques will reduce the potential for 
impacts from these sources. 

Mud-laden waters from collected run-off and from ex
cavation of facilities, such as the two tunnels, could 
represent a considerable source of silt and turbidity 
to the river. Holding ponds will be used for sedimen
tation of suspended silts prior to discharge to reduce 
potential impacts. 

The primary change in water quality that may occur from 
Watana Dam construction is increased turbidity. This 
would be produced by the increased erosion resulting 
from dam construction activities. Increases in turbi
dity would vary with the type and duration of construc
tion activity and may be a severe local condition, but 
would not be expected to produce a wide-spread detri
mental effect upon aquatic habitat in the Susitna 
system. Temperature, dissolved oxygen, nitrogen 
concentration and other water chemistry parameters are 
not expected to be affected, a 1 though minute increases 
in trace metals could occur due to leaching from 
exposed soi 1. 

Increased turbidity can reduce visibility and decrease 
the ability of sight-feeding fish to obtain food (Hynes 
1966 and Pentlow 1944). This represents a potential 
decrease in feeding habitat. Many salmonids will avoid 
spawning in turbid waters. Many fish will avoid tur
bidity and turbid areas. Turbidity originating from 
these sources is often temporary, and associated only 
with actual clearing activities and rainfall events. 

Siltation (sedimentation) is also associated with these 
activities. There is a considerable amount of litera
ture dealing with these effects (Burns 1970; Shaw and 
Maya 1943; Wandard Stanford 1979) particularly the 
effect on spawning and incubation. A general conclu
sion reached by a review of the literature (Dehoney and 
Mancini 1982) is that siltation and turbidity impacts 
have their greatest adverse impacts on the immobile 
eggs and relatively immobile larval fish. In general, 
siltation can cause significant losses of incubating 
eggs and fry in redds in the areas affected, part i cu
larly by interferring with oxygen exchange in the 
redds. Areas of upwelling flow would tend to be im
pacted to a lesser extent that others. Only resident 
fish are found in this reach potentially affected. 
These could potentially include Dolly Varden, Arctic 
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grayling, round whitefish, and similar species. 
Release of suspended materia 1 s can a 1 so affect other 
water quality parameters including dissolved oxygen, 
BOD, trace metals, pH, and other water quality 
parameters (Pierce et al. 1970). 

The production of concrete for tunnel lining, facility 
construction and grouting can result in the production 
of concrete batchi ng waste to be discharged. Peters 
(1978) points out that the discharge of this waste, if 
untreated, could lead to detrimental effects on the 
fish populations and habitat. A particular problem 
with this waste is the need to adjust its pH ( 10+) 
prior to discharge. 

Spills are generally short duration events, but which 
may have severe impact depending upon the substance 
spilled. Any substance used around the site or waste 
produced on-site caul d potentially be spi 11 ed into a 
water body. It is 1 ikely, however, that substances used 
in large quantities and over greater areas, including 
fuels and lubricating oils, would be more likely to be 
involved in spills. Diesel oil will be used in large 
quantities and will need to be stored in large quanti
ties on-site. New and used lubricating oils will also 
be commonly used. There is a great deal of literature 
(USEPA 1976; AFS 1979) describing deleterious effects 
caused by oils and waste oils. Aromatic compounds in 
oils are particularly toxic. Trace metals in waste oil 
may require the handling of waste oi 1 as a hazardous 
waste under 40 CFR 261-265). If more than 10,000 gal
lons are stored on site an SPCC plan would be required 
under the Clean Water Act and pro visions for spi 11 
control would be required on site. Solvents, while 
probably present in much smaller quantities than petro
leum products, are usually considerably more toxic to 
aquatic life. Other chemicals of concern could include 
antifreeze, hydraulic oil, grease and paints among 
others. 

In general, spills will be most serious if they occur 
in areas of high biological activity and are not dissi
pated quickly, or if a large area of the waterbody is 
affected. 

The number of factors that wi 11 affect the severity of 
spill impact on fish are: 

- The substance spilled; 
- The quantity spilled; 
- The biota present; 
- The life stages present; 
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- The season; 
- Mitigation and clean-up; and 
- Frequency of spi 11 s in that area. 

As in the case of siltation and turbidity, the less 
motile life stages are most likely to be impacted, 
juveniles and adult fish can usually leave an affected 
area. Due to increased fish motility and ability to 
clean-up spills in winter, spills have the potential 
for greater impacts in winter. 

It should be noted that the use of good engineering' 
practices, and a thorough SPCC plan can greatly reduce 
or avoid the potential for such impacts • 

• Direct Construction Activities 

Floodplain gravel mining has the potential to adversely 
affect aquatic habitats. The a 11 uvi a 1 fans at the 
mouths of Tsusena Creek and Cheechako Creek and the 
mai nstem Susitna River are the only proposed fl oodpl ai n 
material sites. These sites will be operated in accor
dance with guidelines set forth in Joyce, Rundquist and 
Moulton (1980). Tsusena Creek will be rehabi 1 itated 
according to the same set of guidelines, but the 
Cheechako Creek and Susitna River sites will not be
cause they will be inundated by the reservoir. Anti ci
pated impacts from gravel removal operations include 
increased turbidity due to erosion and minor instream 
activities, introduction of small amounts of hydrocar
bons from equipment and the possibility of accidental 
spills. These impacts are expected to be temporary and 
not expected to last beyond site operation. A long-term 
impact to aquatic habitat is expected at the mouth of 
Tsusena Creek. The volume of material to be removed 
will result in a large pit that will become filled with 
water. This pit will result in increased lentic habi
tat in exchange for lost riparian and upland habitat. 

Direct construction activities include activities that 
can be expected to occur throughout the construction of 
the dam. These activities, for the most part, will not 
necessarily be confined to limited areas. 

During construction, some of the first activities to 
take place wi 11 include the clearing of areas, con
struction of access roads, stockpiling of construction 
materials and fuel, movement of heavy equipment,and 
construction of support facilities. The construction 
of support facilities and access roads are discussed 
below. The activities that will take place, both for 
support facility construction and other construction 
will include cutting and clearing in areas adjacent to 
and near the stream banks. 
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Removal of cover vegetation will potentially cause a 
number of effects. One effect of the removal of cover 
is to increase the potential for greater run-off, 
erosion, increased turbidity and increased dissolved 
solids (Likens et al. 1970, Boreman et al. 1970 and 
Pierce et al. 1970). These effects are well documented 
for many types of construction. The extent of poten
tial impacts is directly related to the use of mitiga
tive practices to control erosion and run-off induced 
sedimentation and turibidity. This is discussed under 
mitigation in Section 2.4. Without the use of proper 
mitigative practices, erosion and run-off could greatly 
increase turbidity in affected areas and result in 
sedimentation both locally and in areas downstream. 

Removal of bank cover will also tend to affect temp
erature by exposing bank areas to direct sunlight. In 
addition, the removal of bank cover may also increase 
the exposure of fish to terrestrial predators, and/or 
lead to a decrease in their populations (Joyce, 
Rundquist and Moulton 1980a). 

The a per at ion of heavy machinery in streams wi 11 be 
reduced through the use of arched culverts to provide 
passage across streams, however, some i nstream use of 
heavy machinery is inevitable. The primary effect of 
heavy machinery wi 11 be increased siltation and turbid
ity. The extent of potential impacts due to siltation 
and turbidity wi 11 be dependent upon the extent of 
machinery a per at ion and the substrate of the streams 
affected (Burns 1970}. Smaller substrates tend to be 
most affected (Burns 1970); however, effects are also 
dependent upon stream flows in the local area. If 
velocities are sufficiently high, deposition of sus
pended si 1 ts stirred up by the machinery w"ill not occur 
1 ocally and the effects caul d be minor (Shaw and Maga 
1943). Since velocities can be expected to vary sea
sonally, the potential for impacts can be expected to 
vary seasonally as we 11. Impacts due to machinery 
induced siltation and turbidity will tend to be of a 
more temporary nature than that described for cleaning 
of banks. Potential spills of fuel or other hydrocar
bons are discussed under Water Quality above. 

Current construction plans do not require any in-stream 
b 1 asti ng. Blasting is plan ned for areas 500-600 ft 
from streams as a means of reducing the impacts nor
mally associated with blasting near streams (Joyce, 
Rundquist and Moulton 1980a). A review of the effects 
of blasting on aquatic life (Joyce, Rundquist and 
Moulton 1980b, Appendix G) indicates that effects from 
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such blasting would probably not be lethal (at least 
with charges of less than 200 kg of TNT). Blasting 
effects include increased turbidity and siltation due 
to loosened soils and dust (see effects described 
above). The extent of such effects waul d be dependent 
upon local conditions and extent of blasting. 

The transmitted shock waves from the blasting, while 
probably not lethal, will disturb the fish and at least 
temporarily displace them from areas near blasting 
activity. This type of behavior is well documented for 
a variety of noise sources (VanOerWalker 1967, 
Latvaitis et al. 1977 and USEPA 1976). 

Some excavation is expected to be associ a ted with the 
construction of Watana Dam and facilities. Excavation 
may be specifically expected in conjunction with cof
ferdam installation, installation of the diversion 
tunnels and installation of culverts. The effects of 
excavation are essentially similar to those of instream 
operation of heavy machinery, but with greater release 
of sediments and turbidity in the stream. Excavation 
effects will probably involve a greater degree of 
impact to 1 ocal habitats than previously discussed. 
Some excavated areas wi 11 be permanently 1 ost as fish 
habitat due to replacement of the habitat. Other areas 
will be temporarily altered as discussed above. 

Overall, all impacts causing changes in habitat due 
to siltation and turibidity will be of a temporary 
nature. The duration of the change wi 11 be dependent 
upon the amount of material released, local flow con
ditions and the time of year (flow regime) it occurs. 
For major releases of material it may require the 
passage of an entire water-year for conditions to be 
restored (Dehoney and Mancini 1982). 

As part of the construction activities, water will be 
diverted from the streams in the construction area to 
be used for dust control, drinking water, fire-fighting 
water, sanitary water, concrete batching, and wet 
processing of gravel among other uses. The diversions 
wi 11 probably be accompl i.shed by pumping from 1 a cal 
stream segments and intakes will be designed to avoid 
fish impingment and entrainment. 

- Watana Camps, Village andAirstrips 

• Construction and Operation of Camps, 
Village and Airstrips 

During peak construction activity for Watana Dam, 
facilities to house between 4000 to 4800 people are 
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anticipated (see Exhibit A, Section 1.13). The 
facilities will be located in close proximity to the 
construction site. The construction camp will be 
1 ocated near Deadman Creek about two miles from the dam 
and the construction/permanent village will be within a 
mile of the dam site. Each deve 1 opment will occupy 
approximately 170 acres. The permanent townsite wi 11 
encompass a small (approximate 25 acre) 1 ake. The 
water source for both camp and village will be Tsusena 
Creek. Sewage wi 11 be treated and the effluent dis~ 

charged into Deadman Creek. Utilidors will connect the 
vi 11 age and camp to the water and sewage treatment 
facilities. 

Alteration of Water Bodies 

Alteration of water bodies from the construction of 
camps and related facilities will be confined to the 
immediate area of the development. Few adverse im
pacts are anticipated. Gravel or other material 
required for facilities construction will be mined 
from upland sites that will be operated and rehabil
itated to minimize erosion. Project facilities will 
be located 500 ft from water bodies to minimize the 
potential of increased sediment input to water
bodies. 

Water will be withdrawn from Tsusena Creek near RM 6 
for domestic use in the camp and permanent village. 
An estimated 1.5 cfs will be required to meet peak 
demands in both the construction camp and permanent 
village. This represents less than one percent 
reduction in flow during the open-water season and 
1 itt 1 e impact is expected to result from decreases 
of this magnitude. An 8 percent reduction is ex
pected during the winter period. Since few fish are 
expected to overwinter in Tsusena Creek, this is not 
expected to adversely affect fish populations. 

The vi 11 age is proposed to be built around a 1 ake. 
Erosion from the site could enter this water body 
during construction • No fish are believed to live 
in this lake. The impacts resulting from con
struction of camps and related facilities are an
ticipated to be confined to the immediate area of 
development. 

Water Quality Changes 

Due to the presence of a large construction force in 
the area, sanitary waste wi 11 be treated and dis
charged. The extent of treatment of sanitary waste, 
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its volume, and the point of discharge will control 
the extent of potential impact {see Chapter- 2 for 
discussion of treatment techniques). Wastewater 
effluents can affect BOD and therefore dissolved 
oxygen, pH, nutrients, trace metals, and buffering 
of the receiving water. This can affect the water 
quality of the fish habitat (USEPA 1976; AFS 1979; 
Hynes 1966). 

No disruption of fish populations are expected 
during camp and vi 11 age construct ion,because there 
are no fish habitats in the vicinity of these 
activities. 

Storm drainage, oily water run-off and fuel spills 
are expected to occur at both the camp and the 
village, but it is not likely that oily and silty 
water wi 11 reach Ts usena and Deadman creeks because 
the developments are nearly one half mile from the 
creeks. The small lake within the town limits will 
be more susceptible to intrusions of oily water, 
storm drainage and fuel spills. 

Indirect Construction Activities 

Operation of the camps will result in increased 
access to an area that has previously experienced 
little fishing pressure. The areas potentially 
affected waul d be those stretches of Deadman and 
Tsusena Creeks and the Susitna River that are easily 
accessible by foot from the camps and the dam site. 
Studies on these streams have indicated a relatively 
high percentage of 11 0lder" age group grayl ings (up 
to 9 years) {ADF&Gf). Sport fishing may. remove 
larger, older fish, resulting in a change in the age 
distribution of the population. 

{ii) Filling Watana Reservoir 

Filling of Watana Reservoir will impact aquatic habitats 
both up and downstream of the dam. The 9. 5 mi 11 ion acre 
foot reservoir is expected to take approximately three 
spring runoff periods to fill. The length of time required 
to fi 11 Watana Reservoir depends on the amount of runoff 
that occurs during the filling perod. If low-flow years 
occur, filling will be extended for an additional spring 
runoff period. Table E.3.17 presents the flows expected 
during reservoir filling at Gold Creek Station under median 
flows. Expected flows at Gold Creek exceed the flow regime 
proposed during reservoir filling in all but the second 
year of fi 11 i ng where the required flows are provided. 
Impacts to downstream fisheries are summarized in Table 
E3.16a. 
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During filling, downstream releases will be made through 
one of the diversion tunnels. This will be a low level 
outlet with 1 imited capabi 1 ity to control downstream water 
temperatures. 

- Watana Reservoir Inundation 

Filling Watana Reservoir will inundate 59 sq mi. This 
area contains 54 miles of Susitna River mainstem habitat 
and 28 miles of tributary habitats that waul d be con
verted from lotic to lentic systems with accompanying 
changes in hydraulic characteristics, substrate, turbid
ity, temperature and nutrient levels. These changes may 
result in a shift in species composition in the area. 

Preliminary population estimates indicate that the im
poundment area support at 1 east 10,000 Arctic grayling 
greater than 6 inches (ADF&G 1981f). In addition to 
grayling, the impoundment area has populations of burbot, 
longnose sucker, whitefish, and Dolly Varden {ADF&G 
1981f). 

Reservoir filling will begin in May with the spring run
off flows. Table E.3.15 presents water surface elevation 
of the reservoir and rates of fi 11 i ng for Watana Reser
voir. The greatest changes in water surface elevation 
and the most significant impacts will occur during the 
first year. During May of the first year, the water 
surface elevation of the reservoir will rise an average 
of 5 ft per day reaching a depth of approximately 165 ft 
by the end of the month {an elevation of 1625 ft). In
creases in water surface elevation of 3 ft and 4 ft per 
day are predicted in June and July, respectively. At the 
end of the first year, the reservoir wi 11 encompass an 
area of approximately 13,000 acres. It is expected to 
have a surface elevation of 1875 ft and depths of 425 
ft • 

• Mainstem Habitats 

Impoundment of the Sus i tna River by Watana Dam waul d 
alter the physical characteristics of mainstem habitats 
and consequently affect the associated fishery re
sources. Bur bot, 1 ongnose sucker and whitefish gener
ally occupy mainstem habitats year-round. Arctic gray-
1 ing use mainstem habitats for overwintering (ADF&G 
1981f). Mainstem habitats would be eliminated in the 
impoundment and replaced by a reservoir environment. 
The physical characteristics expected to occur in the 
reservoir are presented in Chapter 2. 

E-3-67 

(~ 

-

~· 



' r-

During the open-water season, mai nstem habitats are 
uti 1 i zed by bur bot. Longnose sucker and whitefish 
generally occupy mainstem habitats only in the vicinity 
of tributary mouths (ADF&G 1981 f). Si nee these fish 
are generally associated with habitats similar to those 
that may be present in the reservoir, conditions within 
the reservoir during filling are not expected to 
adversely affect these species. Bur bot, 1 ongnose suc
ker, and whitefish are found in glacial lake environ
ments in southcentral and southwestern Alaska (Bechtel 
Civil and Minerals, Inc. 1981; Russell 1980). These 
species are expected to utilize reservoir habitats 
year-round. 

Whitefish and burbot spawning areas may be 1 ocated in 
mai nstem habitats near tributary mouths. These areas 
would be inundated during the first year of filling, 
probably eliminating their habitat value. Since the 
habitat in the vicinity of tributary mouths would be 
changing rapidly, it is unlikely that stable spawning 
areas (similar to those presently existing) would 
develop during reservoir filling. The loss of spawning 
habitat is expected to adversely affect burbot and 
whitefish production in the proposed impoundment. How
ever, since the water surface elevation in the reser
voir remains constant during spawning and incubation 
periods for both burbot and whitefish, any spawning 
that does take place would probably not be adversely 
affected during reservoir filling. 

The reservoir is expected to increase the amount of 
overwintering habitat avai 1 able in this reach. Water 
depth, water quality, and food availability may be 
critical factors associated with overwintering habitat 
(Bustard and Narver 1975; Tripp and McCart 1974; Tack 
1980). The reservoir is expected to provide adequate 
depth and water quality conditions for overwintering 
fish. At the end of the first year of fi 11 i ng, water 
depths would exceed 400ft. Turbidity levels of the 
impoundment are expected to be suitable for fish al
though slightly higher than existing winter turbidity 
levels in the mainstem Susitna River. Particles less 
than 5 microns in diameter are expected to remain in 
suspension (Chapter 2). Fish in the project area may 
overwinter in lakes where available, or in mainstem 
habitats. Other studies report fish move to lake hab
itats with suspended glacial flour for the reservoir 
for overwintering (Russel 1976 de Brugan and 1'.1cCart 
1974). The reservoir will have a surface area of 
approximately 59 square miles, which greatly increases 
the amount of habitat having suitable conditions for 
overwintering fish. The increase in overwintering 
habitat may have a beneficial impact on fishery re
sources of the upper Susitna basin. 
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Winter reservoir water temperatures may increase the 
quality of overwintering habitat in the upper Susitna 
Basin. Reservoir temperatures in the top 100 ft are 
expected to be in the range of 1 to 2°C (Chapter 2). 
Winter. water temperatures in mai nstem habitats in the 
proposed impoundment area are near 0°C. These warmer 
water temperatures may benefit fish. Our i ng the winter 
of 1981-1982, fish appeared to seek out water with 
warmer temperatures in the lower Susitna River~ Other 
investigators have reported fish occupying warmer water 
areas in the winter (Umeda et a 1. 1981). 

Aquatic studies in progress will provide further infor
mation to characterize and quantify the effects of a 
reduction in spawning habitat and an increase in over
wintering habitat. 

Longnose sucker and grayling generally spawn in tribu
tary habitats during 1 ate spring (Morrow 1980). The 
reservoir is expected to be fi 11 i ng rapidly at this 
time of year, perhaps 5 ft per day. Spawning areas in 
tributary habitats may be inundated before embryo 
development is complete • 

• Tributary Habitats 

Filling Watana Reservoir will inundate portions of six 
tributaries (Table E.3.16) including Deadman~ Watana, 
Kosina, Jay and Goose Creeks and the Oshetna River. 
All of these tributaries support grayling populations. 
Grayling that depend on habitats inundated by the 
reservoir waul d probably be 1 a st. Portions of these 
tributaries that waul d be inundated provide spawning 
and summer feeding areas for grayling. 

The initiation of reservoir filling in May 1992 co
incides with grayling spawning activities. In the 
project area Arctic grayling spawn in the clear water 
tributaries during spring break-up and the embryos take 
approximately 11 to 21 days to develop (Morrow 1980). 
Most of the spawning activity appears to take place in 
the lower portion of the tributaries. Spawning areas 
in the six creeks will be inundated in May and June of 
the first year of filling. The water surface elevation 
is forecast to increase at a rate of 5 ft per day 
during the spawning peri ad with increases of 3 ft per 
day during the latter part of the incubation period. 

Eggs deposited in inundated areas are expected to be 
adversely effected. Inundation of grayling spawning 
areas would be expected to result in sediment deposi
tion over the embryos. During the grayling spawning 
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period, streams generally carry increased sediment 
1 oads from high flows and breakup. The sediments 
carried by the stream will be deposited at the 
confluence with the reservoir. Thus embryos on the 
stream bottom would likely be covered with sediment and 
suffocate. 

Longnosed sucker may spawn in tributary mouths during 
the spring (ADF&G 1981 f). They are expected to ex
perience the same effects as grayling. 

Arctic grayling depend on tributary habitats for summer 
rearing areas. Grayling are not expected to occupy 
reservoir habitats during the summer as they are not 
found in lake habitats with turbidity levels similar to 
those projected to occur in the reservoir (Russell 
1980). Grayling densities in tributaries appear to be 
high averaging 500 fish per mile, indicating that 
avai 1 able summer habitats are occupied (ADF&G 1981 f). 
Grayling occupying tributary habitats inundated by the 
reservoir will likely be lost. 

Approximately 2.3 miles of Deadman Creek would be in
undated by the reservoir at full pool. Presently a 
waterfall located about 1 mile upstream from the mouth 
prevents upstream fish migration. The reservoir waul d 
eliminate this barrier and allow fish passage to the 
upper Deadman Creek and Deadman Lake. -

Dolly Varden are expected to be slightly affected by 
the inundation. In the project area, Dolly Varden are 
residents occupying tributary habitats during the open
water season. Dolly Varden occupy a wide range of 
habitat types in southcentral Alaska including glacial 
1 akes with a wide range of water quality (Russell 
1980). It is anticipated that Dolly Varden wil.l occupy 
reservoir habitat year-round. 

Dolly Varden spawn in the fall, the embryos incubate 
through the winter and the al evi ns emerge in the late 
spring. Since the reservoir is not f"llling during the 
spawning and incubation period, any spawning areas 
available in the fall would probably not be inundated 
before emergence • 

• Lake Habitats 

Sally Lake and several other small lakes would be in
undated by the reservoir. Sally Lake has populations 
of 1 ak e trout and grayling that appear to be stunted 
(ADF&G 1981f). Since grayling populations are not 
usually associated with glacial lakes or turbid water, 
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the grayling population would likely be lost. Lake 
trout may be able to survive in the reservoir if an 
adequate food base exists. Lake trout are found in 
glacial 1 akes i ncl udi ng Chakachamna and Kontrashi bun a 
Lakes (Bechtel Civil and Minerals, Inc. 1981, and 
Russell 1980). 

- Talkeetna to Watana Dam 

Table E.3.17 presents a comparison of average monthly 
pre-project flows and projected monthly flows at Gold 
Creek during initial reservoir fi 11 i ng. The greatest 
change to the system wi 11 occur during the open-water 
season. Fi 11 i ng phase of the Watana deve 1 opment wi 11 
alter streamflows, water quality and water temperatures 
downstream from Watana Dam to Talkeetna (Chapter 2) • 

• Mainstem Habitats 

Mainstem habitats in this reach can be divided into two 
segments: from Watana Dam to RM 156.8 in De vi 1 Canyon 
and from RM 156.8 to Talkeetna (RM 99). High veloci
ties associated with natural flows through Devil canyon 
appear to prohibit upstream passage of fish beyond RM 
156.8. Thus, anadromous fish are prevented from using 
habitats upstream of the canyon. During the open-water 
season (June through October) mai nstem habitats bel ow 
Devil Canyon are generally used as a migratory corridor 
by adult and juveni 1 e fish as they move to and from 
spawning and rearing areas that are located in other 
habitat types associated with the river. Only a few 
isolated salmon spawning areas have been identified in 
the mainstem (ADF&G 198lb). Few juvenile salmon are 
suspected to rear in this habitat type during most of 
the open-water season. Juvenile salmon and resident 
fish move into mai nstem habitats for overwintering as 
the river clears in late fall (ADF&G 1981d and 198le). 
Several resident fish including burbot, whitefish and 
longnose sucker may occupy mainstem habitats year-round 
(ADF&G 198le). Upstream of De vi 1 Canyon, mai nstem 
habitats are used by bur bot, sculpin, 1 ongnose sucker 
and whitefish year-round and by Arctic grayling for 
overwintering habitat (ADF&G 1981f). 

A variety of changes may occur in mainstem habitats as 
a result of the proposed reservoir fi 11 i ng schedule. 
Flows will be substantially reduced during the spring 
period. With the exception of the first year, average 
monthly flows in May and June will be reduced to 6000 
cfs from pre-project flows of 13,200 to 27,800 cfs, 
respectively (Table E. 3.17). Decreases of this mag
nitude will likely affect the physical processes in 
this reach, which may in turn affect fish associated 
with this habitat _type. 
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Filling flows during May and June may affect the 
mechanical process and ice removal in this reach. Pre
sently, the natural flows increase during 1"1ay, causing 
a mechanical breakup of the ice cover, and rapidly 
transport large chunks of ice and sediment downstream. 
This force results from the rising stream flows from 
snowmelt and is common to many Alaskan rivers. Under 
the filling schedule, mechanical break-up may be 
restricted in mainstem habitats and unlikely to occur 
in side-channel or slough habitats. Thus ice scouring 
and bank gouging waul d be reduced. Ice jams and 
resultant overflows would be diminished (Chapter 2). 

Outmigration of salmon fry and smolts generally occurs 
in June, apparently on the receding limb of the spring 
high flows. Flows of 6000 cfs would probably not 
affect downstream migrations in mai nstem habitats as 
sufficient depth and velocities would exist to trans
port fry or smolts. Depths and velocities predicted by 
the water surface profile model at several transects 
selected for navigation studies indicate that at 6000 
cfs, depths waul d be approximately 2 ft. Access to 
mainstem channels from slough and side-channel habitats 
may be adversely affected. This wi 11 be addressed in 
those sections. 

Flows of 6000 cfs would persist until the last week of 
July. Chinook salmon are passing through the system 
during this time to spawning habitats in tributary 
streams. These fish ho 1 d in rna i nstem areas to mature 
before moving into the tributaries (ADF&G 198lb). A 
cursory examination of the river ·indicates that many of 
the holding areas available at flows of 20,000 cfs 
would probably not be available at 6000 cfs. ·Other 
suitable holding areas are expected to exist under the 
1 ow-flow conditions resulting from the reservoir 
filling. If adult fish prematurely move into the 
tributaries due to lack of mainstem holding areas, they 
may be subjected to increased predation and angling 
pressure. 

Under the proposed filling schedule, De vi 1 Canyon may 
not block all upstream fish passage. Chi nook salmon 
waul d 1 ikely be able to pass through the canyon and 
utilize spawning habitat available in tributaries up
stream of Devil Canyon and below Watana Dam. In 1982, 
chinook salmon spawned in the mainstem at the mouth of 
Cheechako Creek (RM 152.5) and in an unnamed Creek 
(Chi nook Creek RM 156. 8), both above the Devil Canyon 
dam site. High velocities blocked migrations past RM 
156.8 (Trent 1982). According to 1982 USGS provisional 
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streamflow data, flow levels dropped to 17,000 cfs at 
Gold Creek in early July, then rose to 25,000 for the 
remainder of the month. Since the telemetry studies 
placed chinook salmon in Devil Canyon in late June, the 
salmon probably passed through the canyon in early 
July. High flows in 1981 prevented them from migrating 
past RM 151.7 (ADF&G 1981b). Under the proposed fi 11-
i ng schedule, a· flow of 6000 cfs waul d be present in 
the canyon through late July. The entire canyon is 
expected to be passable by chinook salmon, allowing 
them to enter Tsusena and Fog Creeks (RM 178.9 and 
173.9}. 

Pink, chum and coho salmon spawning areas in the main
stem may be adversely affected by the filling schedule. 
These spawning areas are generally small, isolated 
areas on the river margins or behind velocity barriers. 
Lateral areas are more susceptible to changes in flow. 
The qua 1 ity of these habitats may be degraded through 
reduced depth and velocity, some areas may be complete-
ly dewatered. · 

Fa 11 flows drop rapidly under the fi 11 i ng schedule 
(Figure E.2.19}. Spawning areas of fall spawning fish, 
such as Bering cisco, and other whitefish, could be 
adversely affected by receding flows. In addition, 
salmon spawning areas may be dewatered. Generally, the 
lateral areas are somewhat buffered. The river devel
ops an ice cover and increases in stage before the flow 
drops to its lowest level. Under the filling flows, 
the river waul d reach 2000 cfs in October, whereas 
flows of 2000 cfs do not normally occur until November. 
Thus, the stage during filling in October would be 
reduced, decreasing the wetted perimeter. 

Since the diversion tunnels will function as a single, 
low-level outlet for downstream releases, the thermal 
regime of the Susitna River from Talkeetna to Watana 
Dam will be altered (Chapter 2). Water temperatures 
during the first open-water period of reservoir filling 
(May through October) will be similar to pre-project 
temperatures as the inflow has water temperatures of 9 
to 4 degrees Celcius. Thus, the entire reservoir will 
be near go to l0°C (Chap:ter 2). Since the reservoir 
acts as a heat sink, winter temperatures above Devil 
Canyon may range from 2 to 4°C. When the \1/ater reaches 
RM 160, water temperatures are expected to near 0°C 
(pre-project 1 evel s). Temperatures during the second 
open-water season may be substantially reduced. Water 
released at Watana Dam is expected to be 4°C. Due to 
the large. volume (12,000 cfs) and the high water 
velocities (3-4 fps}, water temperatures are expected 
to be in the range of 5° to 6°C at Talkeetna. During 
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During the third year of filling, reservoir water 
surface elevations are expected to be high enough to 
utilize the multiple level outlet structure. This 
should provide sufficient control to release water near 
10°C during July, August, and early September. 

Lower water temperatures during the second open-water 
season may adversely affect fish populations in the 
reach from Talkeetna to Watana Dam. Projected water 
temperatures of 5o - 6°C are we 11 be 1 ow norma 1 water 
tempertures of 10° to 12°C in August. Low water 
temperatures may deter adult salmon from entering the 
reach above Ta 1 keetna. Pink and Coho sa 1 man may be 
especially sensitive to low water temperatures as these 
species are usually found in warmer areas. Chum salmon 
may to 1 erate 1 ower water temperatures as they reported
ly spawn in water temperatures near 6°C (AEIDC unpub-
1 ished data 1980, ADF&G unpublished water temperature 
data 1982), however, 1 ow water temperatures in mai nstem 
hal ding areas may de 1 ay spawning. Temperatures in the 
range of 4° to 6°C retained seasonal maturity of gonads 
and delay spawning activity in salmon (Reingold 1968). 

Lower water temperatures during the open-water season 
are expected to adversely affect resident and juvenile 
anadromous fish that utilize mainstem and side-channel 
habitat. Water temperature is closely correlated with 
feeding activity and growth {Clarke, Shelbourn, and 
Brett, 1982). Colder water temperatures may reduce 
growth during the open-water season. Fish may avoid 
mai nstem and side-channel habitats and move to warmer 
water in turbidity and slough habitat. Juvenile salmon 
were found to avoid cooler water when possible (Bustard 
and Narver 1975) • 

• Side-Channel Habitats 

Many of the physical changes identified for mainstem 
habitats would also occur in side-channel habitats. 
Since the side channels are generally characterized by 
higher streambed elevations, the forecasted changes in 
streamflow may cause greater effects in s i de-channe 1 
habitats. During the open-water season, side-channel 
habitats are used for passage by sa 1 man and rainbow 
trout, for spawning by pink, chum and coho sa 1 man and 
for summer feeding areas by longnose sucker, bur bot and 
whitefish (ADF&G 1981b, 1981d and 1981e). Little 
juvenile salmon rearing has been reported in side
channel habitats during the open-water season (ADF&G 
1981e). 
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As in mai nstem habitats, the greatest changes waul d 
probably occur in the spring (Table E.3.17). Many side 
channels that normally convey water in May, June and 
the first three weeks of July, would likely be dewater
ed under filling flows, which represent a decrease in 
average monthly flows of approximately 70 and 40 per
cent, respectively for June and July. 

In other side-channels, flow may be reduced to an 
extent that the outmigration of salmon fry would be 
delayed. Higher spawning flows may allow fish to spawn 
in areas that are essentially cut off from the mainstem 
river. Thus, fry may be delayed until higher flows are 
released in late July. Few side-.channels that are 
wetted at 12,000 cfs are expected to be cut off at 
6,000 cfs. 

Filling flows would alter the hydraulic conditions of 
the side channels as lower discharges would decrease 
velocities and depths. This may improve the quality of 
these areas as rearing habitat for some resident and 
juvenile anadromous fish. Juvenile fish are generally 
found in association with low velocities (ADF&G 1982, 
Wilson et al. 1981 and Environaid 1982). Burbot, 
longnose sucker and whitefish are also found in waters 
with a low velocity but require greater depth. 

Use of these areas by juvenile salmon may be presently 
limited by lack of a food source. Under filling flows 
suspended sediment would be decreased allowing greater 
light penetration; the scouring effect of the suspend
ed solids presently carried by the river would also be 
reduced (Chapter 2). 

Some side channels above Talkeetna would be completely 
dewatered under the proposed filling flows thus elimi
nating any rearing or feeding habitat normally support
ed by pre-project flow levels. Benthic production from 
these areas would also be lost. 

Reduced flows in the spring may inhibit emergence and 
outmigration in some side-channel spawning areas. At 
times, spawning areas can be substantially dewatered 
but the embryos can be maintained by intergravel flow 
that allows development to proceed. Normally, increas
ed spring streamflow in these areas provides water for 
emergence and outmi grat ion. Fi 11 i ng flows may not be 
sufficient to provide streamflow in some of these. 
areas. 
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Forecasted August and September flows under the filling 
schedule may adversely affect spawning habitat in side
channe 1 s. Reductions in average monthy streamfl ows of 
46 and 30 percent respectively may dewater some spawn
·ing areas currently used by salmon (Table E.3.17). 
Decreased mai nstem flows waul d likely result in de
creased depths and velocities in side-channel habitats 
which may alter the avail abi 1 ity of spawning habitat. 

It is unlikely that new spawning areas waul d become 
available under the filling flows. Side-channel habi
tats with a stream bed elevation low enough to convey 
water under the forecasted flows waul d probably not 
have substrate of a suitable size for spawning. Under 
natural conditions these side channels are subject to 
peak flows that have removed most of the gravel sub
strates, 1 eavi ng the stream bed armoured with 1 arge 
cobbles and boulders (R & M Consultants 1982c). It is 
unlikely that the substrate in these areas would change 
as a result of the project (Chapter 2). Thus, the use 
of these areas by spawning fish would continue to be 
limited by substrate. The lateral areas where suitable 
substrates may exist would l·ikely be dewatered. 

Stream temperatures during filling in s i de-channe 1 
habitats will be similar to mainstem habitats (see 
previous section) • 

• Slough Habitats 

Slough habitats in the Talkeetna to Watana Dam reach 
have been identified as the most important spawning 
areas directly influenced by the Susitna River. Sock
eye, chum~ pink and coho salmon have spawned in 16 of 
the 33 sloughs found above the confluence with the 
Chulitna River. Juvenile coho, chinook, sockeye and 
chum salmon have been found uti 1 i zing these areas for 
rearing habitat and overwintering sites (ADF&G 198ld). 
Rainbow trout, burbot, longnose sucker and whitefish 
have been found in these habitats at varia us times of 
the year (ADF&G l981e). 

Sloughs in this reach of the river resemble perched 
side-channels. In general, they function as overflow 
channels at high flows and convey turbid water from the 
mainstem. During low flow, clear water originates from 
surface runoff and groundwater upwelling and flows 
through the slough channel into the mainstem river. 
(Refer to Section 2.2 (b) (iii)). 
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The proposed reductions in mainstem flow during reser
voir filling would likely affect slough habitats. 
Ground water upwelling in the sloughs is probably dri
ven by the stage of the mai nstem Susitna River. A 
reduction in mainstem flow may result in decreased flow 
in the sloughs (Chapter 2). This could affect the 
quality and quantity of both spawning and rearing habi
tat presently available in the system. 

Filling flows may cause passage problems for adult 
salmon moving from mai nstem and side-channel habitats 
into slough habitats. With mainstem flows above 14,000 
cfs, a backwater forms at the mouth of the slough. 
This increases water depths at, and upstream of, the 
slough mouth. Based on field observations during the 
1 ow flows of August 1982, streamfl ows in the range of 
12,000 to 14,000 cfs, combined with low surface run 
off, appeared to hamper or restrict the passage of 
adult salmon into several sloughs. The stage of the 
mai nstem at flows of approximately 12,000 cfs did not 
create backwater effects at the mouths of some sloughs 
great enough to allow free passage by adult salmono 
Reduced surface water inflow restricted adult passage 
to spawning areas that were used in 1981. Under post
project conditions, only the backwater areas would be 
affected. Surface runoff, which is controlled by 
rainfall and snow melt, will contribute to flow in the 
sloughs and control the physical characteristics of the 
habitat upstream of the backwater during the open-water 
season. 

Preliminary estimates indicate that flows of 16,000 to 
18,000 cfs at Gold Creek may be required to insure easy 
passage of adults into slough habitats. Fish moved 
rapidly into sloughs during late August 1982 when the 
surface water runoff increased· slough flows and 
mainstem flows rose from 12,000 to 18,000 cfs (Trihey 
1982c). 

A reduction in mainstem stage may degrade or eliminate 
some spawning habitat in the sloughs. Adult sockeye 
and chum appear to seek out areas with upwelling 
groundwater to spawn. If a reduction in mai nstem 
discharge reduces the amount of up we 11 i ng or the area 
influenced by upwelling, spawning habitat may be 

. reduced or eliminated. Often, the backwater at the 
mouth of the slough increases water depth in the lower 
portion of the spawning area. A decrease in stage may 
prevent the use of these areas. Reduced water depth 
could also increase the effectiveness of fish preda
tors. 
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Since juvenile fish occupy habitats with a relatively 
wide range of depth, decreases in the depth of sloughs 
may have little effect on the utility of rearing 
habitat. The greatest impact to juvenile habitat waul d 
occur if the reduction in depth also eliminates or 
reduces the uti 1 ity of cover objects associated with 
slough habitats. In addition to object cover, young 
chi nook have been observed occupying the interface 
between the turbid and clear water portions of the 
backwater at the mouth of the slough. Under the 
proposed flow regime during reservoir filling the 
amount of this particular habitat would be reduced by 
decrease.d backwater effects and lower turbidities. 
Additional rearing habitat may become available in 
mainstem and side-channel habitats. (These habitats 
are discussed in their respective sections.) 

The reduction of mai nstem flows during the spring and 
the altered breakup process may affect outmigration 
from slough habitats. There is some speculation that 
changes in water levels and temperatures may trigger 
outmi grat ion in young sa 1 man. Fish were observed to 
outmigrate on the receding edge of the high flows in 
spring 1982. Under the filling schedule, the high 
flows during the spring would be eliminated. Flow from 
local runoff would be unaffected. This flow and rising 
water temperatures may stimulate fry to out-migrate 
(Thomas 1975). 

Under filling flows and increased beaver activity may 
have an adverse affect on slough habitats. The el imi
nation of spring break-up flows will allow beaver to 
become established in most sloughs. During the low 
flows of August 1982, beaver dams located in slough 8A, 
9B, and 19 have inhibited use of upstream habitats by 
adu1t salmon. 
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• Tributary Habitats 

Compared with other habitat types in the reach from 
Talkeetna to Watana Dam, tributary habitats receive the 
largest salmon escapement (ADF&G 1981b). They also 
provide important spawning habitat for grayling and 
rainbow trout and rearing habitat for chinook and coho 
salmon juveniles (ADF&G 1981d and 1981e). 

With the exception of tributary mouths, tributary habi
tats below the impoundment will not be affected by the 
proposed project. Seasonal alterations of the mainstem 
discharge may alter the hydraulic conditions associated 
with the tributary mouths. During the open-water sea
son, the present stage in the mai nstem river causes a 
backwater to form at the tributary confluences. The 
backwater area pro vi des rearing habitat for resident 
species and juvenile salmon (ADF&G 1981d and 198le) and 
facilitates passage of upstream migrants. 

Lower mainstem flows during filling will reduce the 
backwater effects and decrease water depths at tribu
tary mouths. Rearing fish are not expected to be 
impacted as similar backwater areas will probably form 
in mai nstem habitats just downstream from tributary 
mouths. Rearing habitat presently located in tributary 
mouths will shift slightly downstream in location. 

A reduction in the stage of the mainstem river could 
potentially affect passage of adult fish if the tribu
taries become perched. As the tributary enters the 
mainstem river, the change in gradient causes the trib
utary water to drop transported materials. These 
gravels and sand form small deltas at the mouths of 
tributaries (Figure E.2.79). As the stage in the 
mainstem recedes, the tributaries become perched above 
the river. However, since the flow in the tributary is 
not regulated, the tributary would continue to experi
ence peak high flows, which may be sufficient to down 
cut through the delta material to establish a channel 
at a new gradient. Most tributaries that support fish 
wi 11 not become perched but wi 11 cut a new channel 
through their deltas (R&M 1982f). Some creeks may 
become perched under the proposed fi 11 i ng schedule, 
which might impede migration by adult salmon and 
residents to upstream spawning areas. Of the streams 
that may become perched under the proposed fi 11 i ng 
flow, Jack Long (RM 144.8), Sherman (RM 130.9) and 
Deadhorse (121.0) creeks are the only streams used by 
a du 1 t sa 1 rna n. 
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The reduced flows through Devil Canyon may all ow 
chinook salmon access to tributaries upstream from the 
rapids that have historically blocked salmon migrations 
(see mainstem section). Under a filling regime of 
6,000 cfs in June and 12,000 cfs in late July, chinook 
salmon would 1 ikely have access to Cheechako Creek (RM 
152.5) and the unnamed tributary (Chinook Creek) at RM 
156.8 on an annual basis. In addition they may have 
access to Tsusena and Fog Creeks at RM 178.9 and 173.9 
respectively. There appears to be adequate habitat in 
these creeks to allow for salmon production. Thus, the 
Watana Development may increase the amount of spawning 
habitat available in tributary habitats in this reach. 
Future development of the Devil Canyon Dam would, 
however, eliminate access to these tributaries. 

- Cook Inlet to Talkeetna Reach 

Project effects below Talkeetna are expected to be 
considerably reduced in magnitude from those presented 
for the Talkeetna to Watana Dam reach. Just upstream of 
Talkeetna, the Chulitna and Talkeetna rivers join the 
Susitna River. These rivers contribute 40 and 20 
percent, respectively, of the stream flow in this reach 
(R&M Consultants 198lc). Many other major tributaries 
enter the Susitna in this reach. (Chapter 2). In order to 
apportion the streamflows two streamflow stations were 
established in this reach; Sunshine and Susitna stations. 
Tables E.3.18 and E.3.19. present a comparison of pre
project and proposed filling flow regimes for these 
stations. 

Since the project would have no effect on the tributary 
basins, project-related physical changes in the Susitna 
River below Talkeetna will be of less magnitude than 
physical changes above Talkeetna. Impacts to fish 
habitats below Talkeetna are expected to be limited since 
only minor changes will occur in physical characteristics 
of mainstem habitats. Physical characteristics of 
sidechannels are generally more susceptible to changes in 
mainstem discharge and the proposed filling flows may 
affect side-channel habitats. Slough habitats below 
Talkeetna appear to be less influenced by mainstem 
streamflows than those above Talkeetna • 

• Mainstem Habitats 

During the open-water season mainstem habitats in this 
reach of the Susitna River are used primarily for pas
s age and spawning. A 1 imited number of spawning areas 
for chum salmon, Bering ci sea and eul achon have been 
1 ocated (Trent 1982; ADF&G 1982b). Few rearing fish 
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have been found in this reach, but only limited inves
tigations have been conducted in its lower portion 
(ADF&G 1981d). Resident fish including burbot, white
fish, and 1 ongnose sucker may occupy mai nstem habitats 
during the open-water season (ADF&G 1981e). 

Little change is expected in water temperature or tur
bidity in this reach. The Chulitna River carries a 
much heavier sediment 1 a ad and has approximately the 
same discharge as the pre-project Susitna River at 
their confluence (R&M Consultants 1981d). Under the 
proposed filling schedule, the water from the Sus itna 
River would comprise approximately 14 percent of the 
streamflow below the confluence of the Chulitna and 
Talkeetna rivers in July and 25 percent in August. The 
i nffluence of the Chulitna and Talkeetna rivers would 
probably dominate the therma 1, water chemistry, and 
suspended sediment characteristics of the Susitna River 
below their confluence (Chapter 2). 

Only a small reduction in the number and magnitude of 
peak flows in the Cook Inlet to Talkeetna reach is 
anticipated. Since the project controls such a small 
portion of the runoff in this reach, a 1 in 2 year flow 
event at Susitna Station would become a 1 in 5 or 1 in 
10 year event (R&M Consultants 1982). Thus, high flows 
may still inhibit fish passage at times as well as 
1 imit benthic production. 

Under the proposed fi 11 i ng schedule, average monthly 
streamflow in July and August waul d be reduced by 27 
and 17 percent at Sunshine Station (Table E.3.18). Due 
to the channel geometry of the mainstem, flow reduct
; ons of this magnitude waul d probably not change the 
utilization of mainstem habitats with regard to salmon 
passage and resident fish summering activities. The 
reductions in depth resulting from this decrease in 
streamflow waul d probably not create passage problems. 
Nor is it likely that summer feeding areas would be 
eliminated. Flow reductions may have a more signifi
cant effect on spawning habitat since this habitat 
tends to be located on the lateral margins of the 
mai nstem. 

Most sa 1 man spawning areas in the mai nstem are 1 ocated 
in broad or braided segments that are more sensitive to 
changes in flow. Small changes in stage near the 
threshold value necessary to open the upper end of the 
braided channel can potentially result in large changes 
in the availability of spawning areas within the 
braid. 
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Salmon and Bering cisco spawning habitats may be 
subject to greater changes since they occur primarily 
in the upper portion of this segment from RM 75 to 79 
(ADF&G 1982). Eulachon spawning areas would be subject 
to the 1 east amount of change si nee they occur in the 
lower part of the reach, RM 4.5 to 48 (Trent 1982). 
Project effects here are further muted by tributary 
inflow from Kroto Creek, Yentna River and several large 
tributaries. 

Bering cisco spawned in mainstem habitats from RM 75 to 
RM 79 during October 1981 (ADF&G 1982a). During fil
ling, October f1 ows waul d be reduced by 9 percent the 
2nd year and by 27 percent the third year at Sunshine 
Station, (Table E. e .18). Reductions 1 ess than 10 
percent are not expected to impact fish as changes in 
depth and velocity are small. Reduction of 27 percent 
may affect Bering cisco spawning habitat presently. 

In the Susitna River, eulachon mainly spawn below the 
Yentna River in ma i nstem habitats (Trent 1982). 
Eulachon spawning areas were tentatively identified by 
ADF&G during spawning surveys in May 1982 in relatively 
shallow water along the margins of the river, along 
islands and in backwaters at the mouths of side 
channels. Because of the channel geometry in broad 
braided floodplain of this reach, similar habitats 
would probably exist in this porti~n of the river under 
the proposed filling schedule. This river segment is 
buffered by inflow from several major tributaries. 
Reductions in long term average montly streamflows of 
12 percent (from 60,500 to 53,100 cfs) are predicted at 
Susitna station during May (Table E.3.19). Even if 
some of the habitat presently uti 1 i zed is dewatered, 
habitat that would be available along the margins under 
the filling flows may provide replacement habitat. 

Winter streamflow reductions are not expected to affect 
habitat utilization in the mainstem below Talkeetna. 
Low winter flows can stress overwintering fish and 
embryos and are often a limiting factor for fish popu
lations in Alaska. The most critical time for fish 
occurs when flows are lowest. In the Susitna Riv-er 
flow generally reaches its lowest level in March. 
Reductions of 4 and 2 percent are projected at Sunshine 
and Susitna stations, respectively. Changes in flow of 
this magnitude would not change ~'later depth under ice 
or wetted permeter (Chapter 2). Therefore, overwinter
i ng success of fish or de vel aping embryos in mai nstem 
habitats are not expected to differ from existing 
conditions. 
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Spring break-up flows would be decreased during fill
ing. Average monthly flows in May and June would be 
reduced by 26 percent at Sunshine Station and by 12 
percent at Susitna Station. This reduction is not 
anticipated to adversely affect the passage of out
migrating salmon smelts in mainstem habitats; neither 
is it expected to affect the spawning migration of 
rainbow trout or grayling as they move to the tribu
taries • 

• Side-Channel Habitats 

Many of the effects identified for the mai nstem under 
the proposed filling schedule would also probably per
tain to side-channel habitats. Mainstem flow generally 
controls the characteristics of side-channel habitats. 
However, changes in stream discharge can result in 
greater effects on side-channel habitats than on main
stem habitats. As in mainstem areas, water temperature 
and turbidity are expected to be similar to existing 
conditions below Talkeetna. 

Our i ng the open-water season s i de-channe 1 habitats are 
used for passage by adult and juvenile salmon and resi
dent fish; for spawning by chum salmon; and for summer 
feeding areas by longnose sucker, burbot and whitefish. 
On1y limited rearing of juvenile salmon has been re
ported in this habitat type during the open-water sea
son. 

Reductions in streamflow during August may dewater some 
salmon spawning habitat in side channels. Salmon 
spawning activity in this habitat type is generally 
located in side channels with relatively high streambed 
elevations. These areas are protected from the high 
scouring flows and are able to retain substrates suit
ably sized for spawning. The high streambed elevation 
also makes them susceptible to dewatering under reduced 
rna i nstem discharge. The lower streamfl ows pro posed 
during August may reduce the availability of spawning 
habitat in these areas. 

It is unlikely that lower flows during reservoir fil
ling will create new spawning areas in side channels 
that do not presently support spawning activity. Even 
though suitable hydraulic conditions will occur, the 
presence of 1 arge substrate particles waul d probably 
limit their utility to fish. Side channels with suit
able hydraulic conditions under the proposed filling 
flows wi 11 also have fairly low streambed e1 evati ons. 
Because of the low streambed elevations, they will 
still be subject to high scouring flows and will be 
armoured with large cobbles. 
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Studies are planned to investigate the relative incuba
tion success in side-channel habitats and to quantify 
the changes in the availability of side-channel habitat 
to determine the effect on sa 1 man production. 

The proposed fi 11 i ng flow regime may affect rearing 
habitat in side channels below Talkeetna. Side chan
nels have a gradation of streambed elevations from high 
overflow channels to deep channels. The effect of 
reduced streamflows on rearing habitat will depend on 
the streambed elevation of the side channel. Some 
rearing habitat for juvenile anadromous and resident 
fish may be lost if side channels dewater or water 
depths become too shallow. Generally, reduced flows 
increase the available rearing area as young fish pre
fer low velocities (ADF&G 1982a, Wilson et al. 1980, 
and Environaid 1982). New rearing areas may become 
available in other side channels where the flow reduct
ions decrease velocities but maintain sufficient depth. 
Thus, the potential exists for the location of the 
rearing habitat to change, but the availability of 
rearing habitat to be similar to pre-project levels. 

Rearing habitat and summer feeding areas may be limited 
by the avai 1 abi1 ity of food in side-channel habitats. 
Suspended sediment load and peak flows may cause low 
benthic production in the Susitna River. Since little 
change is expected in these parameters bel ow Talkeetna 
(R&M Consultants 1981, 1982c), the change in hydraulic 
characteristics may not be sufficient to increase 
utilization of these habitats by anadromous juvenile 
and resident fish • 

• Slough Habitats 

Few sloughs below the confluence of the Chulitna River 
have been extensively sampled. Slough habitats in this 
reach have been identified as spawning and rearing 
areas (ADF&G 1981b, 1981d, 1981c). Many of these areas 
are influenced by tributary streams and, to a lesser 
degree, by the mainstem system. Chum, pink and sockeye 
salmon spawn in slough habitats below the Chulitna con
fluence. Juvenile coho and chinook salmon have been 
found using these areas for rearing and overwintering; 
(ADF&G 1981d). Rainbow trout, burbot, longnose sucker, 
and whitefish use these habitats seasonally (ADF&G 
1981e). 

Sloughs in the Cook Inlet to Talkeetna Reach may be 
affected in generally the same way as s 1 oughs above 
Talkeetna. The magnitude of predicted change in main
stem flow is 1 ess in this reach, therefore the magni
tude of changes to slough habitats and the resultant 
impacts to fishery resources is expected to be 
smaller. 
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• Tributary Habitats 

For the most part, tributary habitats in the Cook Inlet 
to Talkeetna reach of the Susitna River are not expect
ed to be affected by the project. The project would 
not alter any of the existing physical processes in the 
tributaries with the exception of the area near tribu
tary mouths. The mai nstem creates a backwater at the 
mouths of the tributaries which provides habitat for 
rearing juveniles and resident fish (ADF&G 1981d 5 e). 

The stage in the mai nstem controls the extent of these 
backwater areas. Flow reductions under the proposed 
filling schedule may alter the physical characteristics 
of the tributary mouths in the upper portion of this 
reach. During the open-water season, mai nstem dis
charge waul d be reduced by 12 to 34 percent at Sunshine 
Station (Table E.e.18). Reductions in flow in June (34 
percent) and July (28 percent) may reduce the areal 
extent of these backwaters~ Depth would decrease and 
velocity would increase as the stage of the mainstem 
drops. 

Tributaries that enter the mai nstem Sus itna River in 
the lower portion of this reach would probably be 
minimally affected since the percent change in dischare 
would be relatively small. Flow reductions ranging 
from 13 to 8 percent are anticipated in June through 
August at Susitna Station (Table E.3.19). Tributaries 
are not expected to become perched because of these 
reductions in mainstem discharge~ 

During the winter, tributary mouths provide important 
overwintering habitat and may provide spawning habitat 
for burbot. Because of the small reduction in mainstem 
discharge, winter conditions are expected to remain 
similar to pre-project conditions. 

- Estuary 

Since only minor increases in salinity are anticipated 
during reservoir filling, impacts to fishery resources 
are not expected. 

(iii) Operation of Watana Dam 

- Reservoir Habitats 

Watana Reservoir will have an area of approximately 59 
sq. mi. with depths up to 735ft. The reservoir will ex
perience an annual drawdown of 105 ft (Maximum drawdown 
is 120ft). The reservoir will reach its lowest level in 
mid May (2080 ft) and full pool by early September. 
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Water quality conditions expected in the reservoir are 
discussed in Chapter 2 and are not expected to preclude 
seasonal fish utilization of the reservoir. 

Habitat potential of the reservoir is considered to be 
limited due to low productivity. The reservoir will be 
oligotrophic due to summer turbidity levels of 30-50 NTU 
and the 105ft drawdown will inhibit development of a 
litteral zone. Thus, food availability may limit fish 
populations in the reservoir. 

As discussed under reservoir filling (Section 2.3 (a) 
(ii)), limited populations of burbot, lake trout, and 
whitefish may ut i1 i ze the reservoir year-round. Repro
duction of reservoir fish is expected to be limited due 
to the drop in water surface elevation during reservoir 
operation in winter. In Alaska and British Columbia, 
1 ake trout spawn in depths from 3 ft to 110 ft (Morrow 
1980). Drawdown during the probable incubation period 
for 1 ake trout is 70 ft. Bur bot probably spawn in 
December and may take 60 days to hatch (Morrow 1980). 
Drawdown during December and January is expected to be 40 
ft. 

Grayling and 1 ongnose sucker are expected to use the 
reservoir for overwintering (as discussed in Section 2.3 
(a) (ii), Filling Watana Reservoir). Water level fluc
tuations in the reservoir are expected to adversely 
affect the spawning activities of these species. Both 
grayling and longnose sucker spawn in tributary habitats 
during late spring (IV!orrow 1980}. The reservoir will be 
rapidly filling at that time of the year {1 ft per day). 
Even though these fish have a relatively short incubation 
period {2 to 3 weeks), spawning areas will be inundated 
before the eggs hatch. Tab 1 e E. 3. 20 shows the 1 ength of 
tributaries inundated during late May and June. Rising 
water levels will cause sediment deposition in spawning 
areas resulting in mortalities to developing embryos. 
(This is discussed in Section 2.3 (a), (ii), Filling 
Watana Reservoir). The incubation success of fish 
spawning in tributary habitats above 2135 ft in elevation 
would not be effected. 

As presented in Section 2.3 (a) (ii), reservoir habitats 
are expected to provide overwintering habitat for 
grayling, lake trout, burbot, whitefish, longnose sucker 
and Dolly Varden. 
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- Talkeetna to Watana Dam 

• Mainstem Habitats 

Mainstem habitats in this reach can be divided into two 
segments: those above Oevi 1 Canyon and those be 1 ow 
Devil Canyon. Water velocity in Devil Canyon presently 
prohibits the upstream passage of fish, thus, anadrom
ous fish and rainbow trout are prevented from utilizing 
habitats upstream of the canyon. 

Post-project streamfl ows in the mai nstem during the 
open-water season waul d be substantially reduced from 
pre-project conditions. Table E.3.24 presents a com
parison of pre- and post-project stream flows for Gold 
Creek station. Reductions in average monthly flows 
from 40 to 62 percent are predicted in June through 
August (Chapter 2). Because of the rectangular channel 
configuration of existing mainstem areas, reductions of 
this magnitude would probably not adversely affect 
their utilizatione In fact, decreased stream flows may 
s 1 i ghtly improve the ut il i ty of rna i nstem habitats for 
both anadromous and resident fish. Use of these areas 
may presently be limited in part by high velocities. 

Streamfl ows during project operation are not expected 
to adversely affect the upstream passage of migrating 
fish in the mai nstem. Average monthly flows in July 
are projected to be 9,200 cfs, a decrease of 62 percent 
from pre-project conditions. Although water depths 
waul d be decreased in many mai nstem habitats, suffi
dent depth would still be available for fish passage. 
Operating flows are higher than filling flows from May 
through July and are expected to provide greater depths 
than filling flows. 

As in filling flow conditions, velocities in Devil 
Canyon may not block all upstream fish passage during 
project operation. Chinook salmon would likely be able 
to pass through the canyon and utilize spawning habitat 
available in tributaries upstream from Devil Canyon and 
below Watana Dam (Section 2.3 (a) (ii)). 

A significant reduction in the number and magnitude of 
flood events in this reach of the Susitna River would 
likely result from project operation (Chapter 2). This 
could have several beneficial effects on mainstem habi
tats. Presently, the Susitna River at Gal d Creek 
carries peak flows of 75,000 to 80,000 cfs (10 yr 
frequency). These floods transport 1 arge amounts of 
sediment, scour the river bed and remove most of the 
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suitable spawning gravels. Reduction of these peak 
flows would reduce the habitat disruptions associated 
with high flows. 

There is some indication that high flows may, at times, 
limit fish passage. High stream flows that occurred in 
August 1981 appeared to inhibit upstream migration of 
adult salmon (ADF&G 1981b and 1982a). Migration re
sumed when flows receded. Operation of the project 
would decrease the magnitude of high flows and associa
ted velocities thus reducing disruptions in migra
tions. 

Small isolated spawning areas are presently available 
in the mainstem. Some of these areas, generally 
located on the river margins behind a velocity barrier, 
may be degraded or dewatered. The creation of new 
spawning habitat appears unlikely. Although adequate 
depth and velocities are likely to exist, the lack of 
suitable substrate would likely limit spawning in this 
type of habitat. The streambed of most mainstem 
channels is composed of large cobbles and boulders (R&M 
Consultants 1981c). Even though flood flows would 
probably no longer flush gravels from this reach, the 
recruitment of gravel to the river may be 1 i mited. 
Small, isolated deposits of gravel may occur downstream 
from tributary mouths and may provide some suitable 
spawning habitat. 

Sediment transport under post-project conditions waul d 
be markedly different from present conditions. The 
reservoir is expected to act as a settling basin, re
moving much of the suspended sediment 1 oad presently 
transported by ttie river. Nearly all sediments less 
than 5 microns in size waul d be trapped by the reser
voir. A 1 arge portion (20 to 25 percent) of the 
sediments carried by the river is glacial flour in the 
2 micron diameter range (R&M Consultants 1982c). These 
waul d pass through the dam and be transported down
stream to Cook Inlet. 

The sediment load of the outflow water would be re
duced by 75 to 80 percent from that of pre-project con
ditions (Chapter 2). The relatively clear water may 
pick up silts and sand downstream of the dam and trans
port them down river. Over time, this would result in 
the removal of fine sediments from the streambed. How
ever, much of the riverbed above Talkeetna is presently 
armoured with large gravels and cobbles. Silts may be 
removed only from the surface of the streambed (Chapter 
2). 
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Reduction in the number of high flows should also 
reduce the frequency of streambed scour in mai nstem 
habitats. At present, high flows may be limiting 
benthic production in the mainstem as frequent bed 
movement may prec 1 ude the deve 1 opment of a stab 1 e 
environment. Decreased sediment load would also be 
expected to improve benthic production as siltation of 
interstitial spaces would be reduced. 

Rearing habitat in the mainstem may be slightly in
creased under post-project conditions. Reduced veloci
ties and turbidity would probably benefit young fish 
and resident adults. Areas providing suitable habitat 
would likely still be limited to river margins or other 
1 ow-ve 1 a city areas created by obstructions in the chan
nel. Increased benthic production would also enhance 
rearing habitats by providing increased avai 1 abi 1 ity of 
prey items. Some fish presently use the turbidity as 
cover. Increased clarity may result in greater preda
tion on small fish. Resident fish would probably also 
be more susceptible to sport fishing. 

During the winter (November through Apri 1), mai nstem 
habitats are used by rearing sa 1 man and resident fish 
including rainbow trout, burbot whitefish and longnose 
sucker. Fish move out of the tributaries to mai nstem 
habitats where most overwintering occurs (ADF&G 1981d, 
1981e). Average monthly stream flows for the Susitna 
during this period would increase as a result of dam 
operations, i.e., from 1800 cfs to 10,700 cfs at Gold 
Creek in December, (Table E.3.20). Increases of this 
magnitude would likely alter the character of winter 
habitats. 

Winter therma 1 characteristics of the reservoir deter
mine the outflow temperatures and directly influence 
downstream water temperatures. Increases have been 
postulated that would likely raise mainstem water 
temperatures above Devil Canyon from near 0 to 2-4 oc. 
Stream temperatures such as these would preclude 
development of an ice cover in much of this reach 
eliminating the associated staging and backwater 
effects. 

Under post-project winter conditions the river in this 
reach may have higher velocities, less depth and less 
wetted perimeter thah under pre-project conditions with 
an ice cover. 
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Warmer water temperatures may benefit overwintering 
fish by reducing mortalities associ a ted with freezing. 
Stream temperature and discharge should remain fairly 
stable, preventing fish from becoming trapped in 
unfavorable areas that freeze solid. During the winter 
of 1981-1982 winter fish distribution appeared to 
coincide with warmer water temperatures. Bustard and 
Narver (1975) reported that juvenile coho move to 
warmer water for overwintering when warmer water is 
available. 

Suspended sediments are projected to increase slightly 
over pre:;ent winter conditions. Particles greater than 
5 microns would remain in suspension in the reservoir, 
increasing downstream turbidity levels (Chapter 2). 
This slight increase in turbidity is not expected to 
adversely affect fish populations using mai nstem habi
tats. Fish apparently successfully overwinter in 
habitats with similar levels of turbidity in the Kenai 
River, Alaska (Burger et al. 1982). 

In the portion of the river below Devil Canyon, in
creased winter flows would probably cause significant 
changes in winter habitat characteristics. Water 
temperature is expected to sufficiently decrease to 
form an ice cover by RM 14, assuming outflow 
temperatures of 1 to 2°C. Under outflow temperatures 
of 4 °C an ice cover waul d form by RM 130 (Chapter 2). 
Downstream of this, winter water temperatures are 
expected to differ 1 ittl e from pre-project conditions. 

The effects of increased winter flows on backwater and 
staging processes expected to occur under post-project 
flows may impacts on fish habitat. Wetted perimeter of 
the river and depth are expected to greatly increase in 
many mainstem habitats because of increased discharge. 
High velocities in several steep gradient sections may 
prevent the formation of an ice cover in these areas. 
This may cause the formation of frazil ice, which would 
likely augment backwater effects already increased in 
magnitude from increased flows. Thus, the stage of the 
river may be raised more than that expected from the 
incremental increase in flow. If the stage of the 
river is raised sufficiently, mainstem water may flood 
side channels and sloughs. 

I ncr ease winter flows are not expected to adversely 
affect overwintering habitat in mainstem habitats. 
Greater water depth and increased wetted perimeter is 
expected to provide more 1 i vi ng space for juvenile 
anadromous and resident fish. 
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Increased winter temperatures and altered ice processes 
may affect fishery resources associated with mainstream 
habitats in the winter peri ad. If the increased sur
f ace water ·temperatures cause an increase in inter
gravel water temperatures, then incubating embryos will 
be affected. Incubation rates of fish embryos and 
benthic invertebrates are cl as ely tied to water tem
peratures. An increase in i ntergravel water tempera
tures would likely accelerate development and may 
result in early emergence. Early emergence has been 
related to decreased survival rates in both benthic 
invertebrates and Pacific salmon (Bailey, Pella, and 
Taylor 1974). Pink salmon would be especially 
vulnerable to mortality related to early emergence as 
they tend to select areas directly influenced by 
s.urface water and tend to outmi grate shortly after 
emergence. Young fish may begin to outmi grate before 
downstream conditions are suitable. Temperatures below 
the confluence of the Chulitna River are 1 ikely to be 
near 0°C. Outmigrants encountering these temperatures 
may experience thermal shock, which has been linked to 
increased mortality (Brett and Alderdice 1958, Brett 
1952). 

Chum salmon would be less susceptible to changes in 
surface water temperatures as the adults tend to select 
areas influenced by upwelling groundwater, which is 
buffered from changes in mainstem surface water. In 
addition, salmon may rear for approximately a month 
before moving downstream. Early emergence may have 
little affect on coho salmon as they remain in fresh
water habitats for two years and have been found to 
seek out warmer areas in the spring. 

U.S. Fish and Wildlife Service is conducting an 
incubation study to determine the effects of different 
water temperatures on embryo development rates for 
Susitna River chum salmon. 
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No adverse impacts to water quality parameters are an
ticipated under post-project conditions. Gas super
saturation in outflow waters has caused s i gni fi cant 
fish mortalities from gas bubble disease (Nebeker, 
Stevens, and Baker 1979; Stevens, Nebeker and Baker 
1980). Water passing over a high spillway into a deep 
plunge pool dissolves air causing supersaturation. The 
degree to whfch this occurs depends on the depth of the 
plunge pool, height of the spillway and amount of water 
being spi 11 ed. Supersaturated water is unstab 1 e and 
over time will return to normal levels if exposed to 
the ambient air pressure. However, travel time down
stream during high flow periods can be fairly short, 
causing supersaturation to extend considerable dis
tances downstream. The spillway design includes the 
installation of cone valves, which help prevent gas 
supersaturation from occurring for all floods with a 
return period of less than once in 50 years (Chapter 
2) • 

• Side-Channel Habitats 

Many of the project-induced physical changes identified 
for mainstem habitats would also occur in side-channel 
habitats. Reductions from pre-project streamflow 
during the open-water season may dewater some spawning 
habitat presently used by salmon. However, spawning 
habitat under operat i ana 1 flows may be greater than 
that under filling flows. 

The lower post-project flows during the spawning season 
may tend to concentrate spawners in areas that are 1 ess 
1 ikely to dewater under higher winter flows. Side 
channels with 1 ower strearnbed elevations are presently 
subject to high scouring flows and many do not have 
substrates suitable for spawning. Most are armored 
with large cobbles and boulders that are underlain with 
large gravels embedded in silt and sand. 

Operational flow may result in additional rearing areas 
becoming available in side-channel habitats during the 
open-water season. Lower discharges generally result 
in decreased velocities and depths. This would likely 
improve the quality of these areas as rearing habitat 
for some resident and juvenile anadromous fish. 

Post-project water temperatures in the side-channel 
areas waul d be similar to mai nstem water temperatures 
since mainstem water would be the controlling factor. 
However, temperatures of water in lateral margins of 
the side channels may be slightly warmer than mainstem 
water due to shallower depths and slower velocities. 
The projected decrease in turbidity may result in more 
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solar radiation being absorbed by the water. Increased 
water temperatures may enhance the qua 1 i ty of rearing 
habitat in side channels (Abbed 1980; Clarke, Shelbourn 
and Brett 1981). · 

Major impacts downstream of Watana dam expected to re
sult from project operations, are summarized in Figure 
E. 3. 20a. 

A decrease in turbidity would also likely have a bene
ficial effect on food production in side-channel habi
tats. More energy would be available for primary pro
duction thus increasing the food base for other trophic 
levels. The lower sediment load may also remove many 
of the silts and sands presently occupying the inter
stitial spaces of the substrate. This may provide more 
habitat for benthic invertebrates. 

During the 1 ate fall and winter peri ad mai nstem dis~ 

charges waul d be increased approximately 250 to 650 
percent (Table E.3.24). The magnitude of the increase 
in flow expected to occur in side channel habitats is 
dependent on the stage in the mainstem and the stream
bed elevation of the side channels. Wetted perimeter, 
depth and velocities may increase in these habitats 
during the winter months. The seasonal variation in 
flow pattern would be substantially reduced under the 
post-project flow regime. Presently, the stage in the 
side channel drops in the fall as mainstem flows de
crease. As the river forms an ice cover, the stage in 
the side channel increases because of the backwater 
effects caused by ice formation. Under post-project 
conditions, the flow would not drop significantly below 
8,000 cfs in the fall/winter period. Thus, some side 
channels would be less susceptible to dewatering and 
freezing under higher post-project winter flows than at 
present. 

Incubation success in side-channel areas may be improv
ed under post-project conditions as the eggs would not 
be as likely to dewater. Increased flows may also pro
vide greater intergravel flow, which would benefit 
incubating embryos and alevins. Post-project flows 
would also improve the quality of overwintering habitat 
for juvenile anadromous and resident fish in side chan
nel habitats. Greater water depths waul d provide more 
living space and would be less likely to freeze solid 
during the winter. 
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• Slough Habitats 

During the open-water season, impacts to slough hab
itats above Talkeetna under operation of Watana Dam are 
not expected to differ from those resulting from fil
ling Watana Reservoir. Streamflows during late fall 
and winter will be increased, providing a higher stage 
in the mainstem. The increased stage may increase the 
rate and areal extent of groundwater upwelling in the 
sloughs. Incubation success of salmon embryos may be 
improved. 

Post-project winter conditions may affect incubation 
and overwintering in the sloughs. The increased flows 
in conjunction with increased water temperatures would 
change the ice processes in this reach of river. Pres
ently, as the mainstem forms an ice cover, the stage 
increases due to the backwater effects. Thus at winter 
discharges of approximately 1500 cfs, the stage in the 
river and the wetter perimeter resembl~s that of a dis
charge of approximately 23,000 cfs. Under postproj ect 
conditions the river may not form an ice cover above RM 
130. Thus, the stage in the river and the wetted per
imeter of sloughs and side channels would probably be 
decreased relative to pre-project conditions during the 
winter months. If the decrease in wetted perimeter and 
water depth results in dewatering or increased depth of 
freeze, eggs incubating in the grave 1 s caul d be ad
versely affected. Overwintering areas could also be 
adversely affected by the same physical processes which 
may cause increased mortalities for juvenile anadromous 
and resident fish. 

In sloughs near the edge and downstream of the ice 
cover, surface water temperatures caul d be affected. 
If the post-project mainstem flow enters the head ends 
of the sloughs, the addition of mainstem water would 
reduce the surface water temperatures of the s 1 oughs 
and increase the formation of ice. In some cases con
siderable glaciation could occur and the value of these 
areas for overwintering may be reduced. 

The ice could also remain and reduce surface water tem
peratures in the sloughs well into the spring. Since 
the mechanical break-up likely would not occur, these 
ice formations in the sloughs would have to melt out 
rather than being carried out by high flows. Ice may 
be present in the s 1 oughs unt i1 1 ate June. The pre-
sence of ice would reduce the surface water tempera
tures and may alter the qua 1 ity of these areas as early 
nursery areas for emerging fry. 
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• Tributary Habitats 

Tributary habitats in the Talkeetna to Watana Dam reach 
wou1d like1y be affected simlarly under both filling 
and operation during much of the open-water season. 

Augmented winter flows may increase the amount of over
wintering habitat associ a ted with tributary mouths. A 
higher discharge in the mainstem may increase the water 
depth and extent of backwaters at the tributary mouths. 
Studies indicate that tributary mouths may be important 
overwintering habitat (ADF&G 1981d, 1981e). 

- Cook Inlet to Talkeetna Reach 

Project effects in this reach of river are expected to be 
considerably reduced in magnitude from those presented 
for the Ta 1 keetna to Watana Dam reach because of the 
influence of the Chulitna and Talkeetna Rivers. Many of 
the changes identified under the filling schedule 
(Section 2.3 (a} (ii}} for the open-water season would 
persist under operation flows. Winter flows would be 
increased • 

• Mainstem Habitats 

During the open-water season, mainstem habitats will be 
similarly affected under filling of Watana Reservoir 
and operation of Watana Dam. Operationa1 flows are 
slightly greater in the spring and fall (Tables E.3.25 
and E.3.26). 

Bering cisco spawned in mainstem habitats during 
October 1981. Since little change in average monthly 
streamflow or in stream temperature is anticipated for 
October, these fish would probably not be adversely 
affected by the project. 

In the Susitna River, eulachon spawn mainly below the 
Yentna River in mai nstem habitats. Eu 1 a chon spa~'lni ng 
areas tentatively identified during spawning surveys in 
May 1982 were located in relatively shallow water along 
the margins of the river, along islands and in back
waters at the mouths of side channels (Trent 1982}. 
These habitats would probably exist in this portion of 
the river under post-project conditions. This segment 
would be subjected to the least amount of change since 
it is buffered by inflow from all major tributaries. 
Reduction in average monthly streamflow of 5 percent 
(from 60,500 to 57,600 cfs) are predicted at Susitna 
Station during the month of May (Table E.3.26}. 
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During the winter increases in discharge from 2600-5000 
cfs to 9,500-13,000 cfs are predicted at Sunshine 
Station (Table £.3.25). Water temperatures are not 
expected to differ from pre-project conditions. 
Increases in discharge may result in a slight increase 
in wetted perimeter. 

The availability of overwintering habitat may increase 
due to increased water depth and wetter perimeter. 
Since the flow would remain fairly constant, increased 
survival may result from reduction of mortality asso
ciated with freezing. 

Increased winter flows may also increase the survival 
of salmon embryos. Spawning areas presently dewatered 
or frozen during 1 ow winter flows that occur under 
pre-project conditons may be improved. The increase in 
depth and wetted perimeter under post-project flows may 
prevent dessication or freezing of embryos and alevins 
in these areas • 

• Side-Channel Habitats 

As discussed under the reservoir filling flow regime, 
reductions in stream flow during the open-water season 
may dewater or degrade some spawning habitat presently 
used by salmon, as well as affect rearing and summer 
feeding habitat for residents and anadromous juve
niles. 

During the winter period streamflows in side-channel 
habitats would be increased. The increase in wetted 
peri meter resulting from greater winter discharge has 
not been quantified, but the seasonal variation in flow 
through the side channels would be decreased under the 
post-project flow regime. Presently, the stage in the 
side channel drops in the fall as mainstem flows 
decrease. As the river forms an ice cover, the stage 
in the side channel increases from the backwater 
effects caused by ice formation in both the mai nstem 
and side channels, which raises the stage in the side 
channel. Post-project increases in winter discharge 
will result in increased wetted perimeter • 

Increased winter discharge may have a beneficial effect 
on overwintering fish and incubating embryos. In
creased discharge may result in increased depths in 
side-channel areas. This would provide more living 
space and perhaps prevent freezei ng in these areas. 
Increased depths may prevent side-channel habitats from 
being dewatered thus protecting embryos from dessi ca
tion and freezing. Increased surface flow may also 
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result in increased intergravel flow, which would also 
benefit embryo development and overwintering 
juveniles • 

• Slough Habitats 

I ncr eases in winter streamfl ows may have a beneficia 1 
effect on slough habitats. The augmented discharge may 
increase the areal extent of the backwater at the 
s 1 ough mouth creating greater water depth within the 
s 1 ough. The upstream extent of the backwater effect 
would depend on the gradient of the slough. Increased 
water depth may prevent a portion of the slough from 
freezing and increase the availability of overwintering 
habitat. 

Tributary Habitats 

Tributary mouths are expected to be affected similarly 
under both filling and operation of Watana Dam during 
the open water season. During the winter, tributary 
mouths provide important overwintering habitat. The 
effects of higher dis charge in the rna i nstem may in
cr ease the areal extent of the backwaters, and increase 
the amount of overwintering habitat associ a ted with 
tributary mouths. 

- Estuary Habitats 

Since only minor changes in salinity are predicted under 
project operation (Chapter 2), no impacts to fish re
sources in estuary are anticipated. 

(b) Anticipated Impacts to Aquatic Habitat 
Associated with Devil Canyon 

Impacts sustained by aquatic habitats as a result of construction 
and operation of Devil Canyon Dam will be similar to those occurr
ing under construction and operation of Watana Dam. This section 
addresses additional impacts and increased magnitude of impacts to 
aquatic habitats attributable to the development of Devil Canyon 
Dam assuming Watana Dam is in place. 

(i) Construction of Devil Canyon Dam and Related Facilities 

- Devi 1 Canyon Dam 

Devil Canyon Dam wi 11 be 1 ocated at RM 152 of the Susitna 
River approximately 32 mi 1 es downstream from the Watana 
Dam site. A concrete arch dam will be built at the down
stream end of Devil Canyon and a fill saddle dam will be 
connected to the south end of the arch dam. The reser~ 

voir behind Devil Canyon will be about 26 miles long and 
not more than one half mile wide. 
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The concrete dam and foundation will be approximately 650 
feet high and wi 11 have a span of 1200 feet at the dam 
crest. An estimated 2.7 million cubic yards of aggregate 
wi 11 be needed to construct the concrete arch dam. The 
saddle dam will be approximately 900 feet across and 275 
feet high and will require about 1.2 million cubic yards 
of material. 

As with Watana, Devil Canyon Dam will have a powerhouse, 
inlet, outlet and emergency spillway. A 39-foot diameter 
tailrace tunnel will direct turbine discharge approxi
mately 1.5 miles downstream of the arch dam. 

During construction of the dam, the river will be blocked 
above and below the site by cofferdams. The flow will be 
diverted into a 30-foot diameter tunnel 1490 feet 1 ong 
and discharged back into the river. The up- and down
stream cofferdams will be about 400 feet long and 200 to 
400 feet wide. 

The adverse impacts upon aquatic habitat at the Devil 
Canyon Dam site are expected to be similar to, but 1 ess 
than, those at the Watana site. 

At the Devil Canyon Dam site, the Susitna River is con
fined to a canyon about 600 feet deep and 200 to 400 feet 
wide. The river bottom is primarily composed of cobbles, 
boulders, and blocks of rock; the water is extremely tur
bulent. It is surmised that few fish live in the area of 
the dam site (ADF&G 1981e). Chinook salmon migrated up
stream of Devil Canyon Dam site in 1982 and are expected 
to pass through the Canyon during the operation of Watana 
Dam • 

• Alternation of Waterbodies 

Impacts from De vi 1 Canyon Dam construct ion wi 11 be 
primarily restricted to the vicinity of the dam site. 
A 1000 foot section of the Sus itna River between the 
cofferdams will be dewatered for several years during 
construction. A 1 though that stretch of river may be 
inhabited by scul pins and possibly other resident 
s pee i es, it is not expected that dewatering wi 11 have 
more than a minor impact upon availability of suitable 
habitat. The dam foundation will cover about 90 feet 
of river bottom. This, too, is considered to be a 
minor impact. 

Construct ion of the arch dam and the saddle dam wi 11 
require excavation in the river channel at the damsite. 
Excavation by blasting or by mechanical means may 
result in the introduction of materials into the 
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Susitna River that may be carried downstream. The 
turbulence of the water at the site would preclude 
sedimentation in that stretch of river. Adverse 
impacts from introduction of increased sediment are 
expected to be minor. 

The greatest impacts during construction of the dam are 
likely to be associated with gravel mining and process
ing in streams and floodplains. Gravel for filter 
material and for concrete aggregate will be removed 
f.rom the Susitna River and from Cheechako Creek allu
vial areas upstream from the dam site. The effects of 
gravel mining on aquatic systems have been discussed 
under Section 2.3 (a) (i). Since the material removal 
sites will be inundated, impacts at the sites will be 
transitory • 

• Changes in Water Quality 

Potential impacts to water quality would be primarily 
caused by increased turbidity due to erosion, and 
through discharge of effluent from the concrete 
batchi ng process. Turbidity increases in the Susitna 
River may be negligible. See Section 2.3 (a) (i) for 
discussion. 

• Disturbance of Fish Populations 

Instream activities during material extraction near 
Cheechako Creek cou1d disrupt fish movements, spawning 
and rearing depending upon location, type and duration 
of the activities. It is unlikely that the dam site 
itse1f is 1ocated in a stretch of the Susitna regularly 
inhabited by fish, therefore it is not expected that 
the excavation and b1asting required at that location 
would be disruptive to fish populations. 

- De vi 1 Canyon Camp and Vi 11 age 

• Construction and Operation of Camp and Village 

During construction of Devil Canyon Dam, housing will 
be needed for 2300 persons (Exhibit A). Both a 
construction camp and a construction village will be 
1 ocated about a mile to the southwest of the dam site. 
The camp will include bachelor dormitories, cafeteria, 
warehouses, offices, hospital, and recreational 
buildings. The village will contain housing for 170 
families and will include a school, stores· and a 
recreation area. 

E-3-99 

-

-
-
-



-

-I 

-

The camp will be approximately one half mile from the 
village. Both developments will be more than 700 feet 
above the Sus itna River and more than 4000 feet from 
the edge of the canyon. Water, sewage and solid waste 
disposal facilities will be shared by both 
developments. Water wi 11 be withdrawn from the Susitna 
River and effluent from a bi ol ogi cal 1 agoon system 
discharged into the river below the water intake. The 
upper reaches of Jack Long Creek border the camp and 
the village to the south, coming to within 200 feet of 
the camp. A small unnamed creek drains a series of 
lakes 3000 feet to the east of the camp and enters the 
Sus itna at about RM 150. The creek is para 11 e 1 ed by 
the sewage out fa 11 1 i ne for about 1000 feet or about 
1/5 of its length. 

Both the camps and the village are temporary develop
ments. Permanent personnel responsible for operation 
of Devil Canyon Dam wi 11 1 i ve at Hatana Vi 11 age. 

The unnamed creek and lakes may support grayling. Jack 
Long Creek contains pink salmon and chinook salmon in 
its lower reaches, and also may support chum salmon and 
coho salmon. Portage Creek contains chinook salmon, 
coho salmon, rainbow trout, round whitefish and 
humpback whitefish. Chi nook sa 1 man, grayling .and Dolly 
Varden are found in the 1 ower reaches of Cheechako 
Creek. Impacts as a result of camp/village operations 
are expected to be 1 imited to the area within a few 
miles of the dam site. 

Changes in Water Quality 

Erosion into the Susitna River from gravel m1n1ng in 
Cheechako Creek is not expected to result in adverse 
impacts to fish. Because of its proximity to the 
developments, Jack Long Creek may receive run-off 
from the camps. Increased sediment levels may 
adversely affect spawning habitats downstream. 

Water for camp use wi 11 be removed from the Sus itna 
River and treated effluent and waste water wi 11 be 
returned to the river. It is anticipated that the 
treated effluent will be diluted 2000:1 by the 
Susitna and will therefore have no effect upon 
fish (Chapter 2). Storm drainage and oily water 
runoff from the construction camp may affect the 
upper portion of Jack Long Creek. The fuel storage 
area is 1 ocated on the south side of the construc
tion camp about 200 feet above Jack Long Creek. It 
is possible that accidental fuel spills could reach 
the creek if storage facilities failed. It is not 
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expected that runoff from the solid waste disposal 
site and the construction village wi 11 ad verse 1 y 
affect any water bodies since both are more than 
1000 feet from Jack Long Creek • 

• Direct Construction Activity 

The camp and vi11 age at the Devil Canyon site wi 11 
house 2300 workers for several years. It is expected 
that, as a result, streams and lakes in the vicinity 
may be subjected to increased fishing pressure. This 
area has not been heavily utilized for sport fishing in 
the past. 

The water bodies most likely to be affected include 
Cheechako Creek, unnamed creek and 1 akes, Jack Long 
Creek, and to a lesser extent, Portage Creek. With the 
exception of Portage Creek, these water bodies are 
within a short distance from the camp/village and the 
dam site. Portage Creek enters the Sus itna River from 
the north about 2.5 miles downstream from the dam loca
tion. 

( i i) Fi 11 i ng De vi 1 Canyon Reservoir 

- Inundation of Upstream Habitats 

Filling Devil Canyon Reservoir waul d inundate 
approximately 26 miles of Susitna River mainstem habitat 
and 11 miles of tributary habitats over a 5 month period. 
These habitats would be converted from lotic to lentic 
systems with accompanying changes in hydraulic character
istics, substrate, turbidity, temperature and nutrient 
1 evel s. These changes may result in a shift in species 
composition. The area presently supports Arctic gray
ling, burbot, longnose sucker, whitefish and Dolly Varden 
(ADF&G 1981f). Impacts to mainstem habitats are expected 
to be similar to those presented in Section 2.3.3 (b) 
(ii) for Watana Reservoir. Effects on tributaries are 
a1so expected to be similar to those presented for Watana 
Reservoir. However, most of the tributaries in the Devi1 
Canyon impoundment area are characterized by steep slopes 
with occasional barriers, such as waterfalls. Gheechako, 
Devi1 and Tsusena Greeks, three tributaries entering the 
Devil Canyon impoundment, all cant a in water fa 11 s. These 
falls would not be inundated by the impoundment and would 
still function as effective barriers to fish passage. 
Thus, the increased overwintering habitat provided by the 
reservoir may not benefit fish populations in the area. 
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(iii) Operation of Devil Canyon Dam 

Post-project streamflows under the operation of Devil Can
yon Dam would be similar to those under the operation of 
Watana Dam alone. Most of the impacts to the aquatic habi-

-~ tat would have occurred under the start-up and operation of 
Watana Dam. 

-

...... 

-

Few additional impacts are expected to result from opera
tion of Devil Canyon during the open-water season. Changes 
in streamflow are presented in Tables E.3.27, E.3.28 and 
E.3.29. 

- Reservoir Habitat 

Operation of Devil Canyon Reservoir would 1 ikely have 
effects similar to those discussed for Watana Reservoir. 
Devil Canyon Reservoir is smaller and its water quality 
and temperature characteristics would be controlled by 
Watana Reservoir outflow. 

Bur bot, whitefish, and 1 ongnose sucker may be able to 
utilize reservoir habitats under project operation. Devil 
Canyon Reservoir would provide overwintering habitat for 
tributary fish, but this additional habitat may not be 
utilized. Most of the tributary habitats would be 
eliminated by the inundation, perhaps reducing the 
associated grayling population. Fish passage barriers 
exist on most streams, which would preclude reservoir use 
by upstream populations. 

- Talkeetna to Devil Canyon Dam 

• Mainstem Habitats 

Flow in approximately 1.5 miles of river between the 
dam and the powerhouse out 1 et waul d be reduced to 500 
cfs. This reduction is not expected to adversely 
affect fish populations in this portion of the river. 

As described in Section 2.3(b)(iii), use of mainstem 
habitats may significantly change during operation of 
Watana Dam. Below the Devil Canyon Dam tailrace, how
ever, there would likely be little additional changes 
in mai nstem habitat use during the open-water season. 
Flow reductions in July and August of 9 and 6 percent. 
respectively, may slightly increase the magnitude of 
effects identified under operation of Watana Dam. 

Under operation of De vi 1 Canyon Dam, winter water 
temperatures in the Talkeetna to Devil Canyon reach 
wi 11 be altered. Water temperatures may be sufficient
ly warm to prevent the formation of an ice cover on the 
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rna i nstem and some side channe 1 s upstream of approxi
mately RM 100, thus the staging and backwater affects 
associated with an ice cover waul d not occur in this 
portion of the river. Winter temperatures in this 
reach under the operation of Watana Dam are expected to 
range from 0 to 1 °C. · Outflow temperature from De vi 1 
Canyon Dam may be 2 to 4°C, with downstream tempera
tures ranging from 0 to 2°C. Although this is a slight 
increase over natural conditions, it will preclude an 
ice cover on most of the river above Ta 1 keetna. Impact 
resulting from altered ice conditions are discussed 
under Operation of Watana Dam • 

• Side-Channel Habitats 

Side-channel habitats are expected to sustain impacts 
similar to those predicted for mainstem habitats under 
operation of Devil Canyon Dam (see previous section) • 

• Slough Habitats 

The changes in streamflow during the open-water season 
predicted under operation of Devil Canyon are not 
expected to affect sl a ugh habitats. Alteration of the 
thermal regime during winter wi 11 affect a greater 
number of sloughs than under operation of Watana but 
effects are expected to be similar to those discussed 
i n Sect i on ( i i i ) • 

- Cook Inlet to Talkeetna 

No additional impacts are expected to occur in this reach 
as a result of operation of De vi 1 Canyon Dam. The phys
ical changes to habitats downstream of Talkeetna result
ing from the operation of Watana Dam would likely remain 
the same when De vi 1 Canyon Dam commences operat i one A 
comparison of proposed downstream flows for Watana Dam 
alone and with the addition of Devil Canyon is presented 
for Sunshine Station in Table E.3.28. Changes in 
streamflow ranges from a reduction of 7 to an increase of 
11 percent. Changes in flow of this magnitude are not 
expected to result in effects different from those 
identified under the operation of Watana Dam. The 
addition of Devil Canyon would probably not result in 
meaningful changes in water temperatures, water quality 
or sediment transport in this reach. Thus, the addition 
of De vi 1 Canyon Dam is not expected to result in adverse 
effects on fishery resources associated with habitats 
be 1 ow Ta 1 keetna. 
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- Estuary 

~"""' The operation of Devil Canyon Dam is not expected to 
impact the estuary. Physical changes occurring under 
operation of Watana alone would essentially remain the 
same under the operation of both dams. 

-

.F 
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(c) Impacts Associated with Access Roads and Auxiliary Roads 

(i) Construction 

-Construction of Watana Access Road and Auxiliary Roads 

The main access to the Watana Damsite will be from the 
Denali Highway (APA 1982a). The Watana access road wi 11 
depart the Denali Highway at milepost 20 and wi 11 run 
approximately 40 miles south to the dam and camp sites. 
The northern portion of the route traverses high~ rolling~ 
tundra-covered hills. The road will cross numerous small 
streams such as Lily Creek, Seattle Creek, and Brushkana 
Creek. The northern streams, which are part of the Nenana 
River drainage, contain grayling and probably other resi
dent species. The southern part of the road will cross 
and parallel Deadman Creek, which also contains grayling 
and probably other resident species. 

The gravel road will have a crown width of approximately 
24 feet and wi 11 be constructed over a 1 ayer of Typar or 
similar fabric in some areas. The fabric allows roads to 
be placed in areas of high organic content and reduces the 
amount of grave 1 needed. Before road construction is 
begun, a corridor at least ten feet wide on either side 
of the road itself will be cleared. 

Short access roads wi 11 be needed to reach material sites 
and disposal sites. The locations and alignments of these 
auxiliary access roads will be determined when material 
sites and disposal sites are identified during final road 
design. 

Access construction will involve upgrading the Denali 
Highway from Cantwell to intersection with the Watana 
access road, a distance of 23 miles. At this point, 
planned upgrading includes straightening road curves, 
improving one bridge, and topping the road with more 
gravel. 

Within the project area, the Denali Highway crosses sever
al small drainages, side channels of the Nenana River, 
Edmonds Creek and Jack River. Jack River contains gray
ling and the Nenana River in this region supports several 
species of resident fish. 
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Any bridge work or straightening associated with road 
upgrading will have potential impacts similar to those 
resulting from new construction. Extension of culverts in 
places where t~e road is widened could affect fish 
passage • 

• Alteration of Water Bodies 

Stream crossings can be a cause of adverse impacts. 
Bridges and culverts will be used in fish streams on the 
main access road. These structures need to be properly 
sized and bedded to ensure fish passage. This subject 
will be discussed further in Section 2.4. Other causes 
of adverse impacts due to road construction can result 
from the following: 

Clearing 

Clearing must take place in areas of dense or tall 
vegetation before road building can begin. In some 
upland areas with tundra vegetation, clearing will 
be minimal. Clearing can cause degradation of 
habitat when: 

1. Cleared areas by streams and lakes are not 
stabi 1 i zed and erode into the water body; 

2. Cleared material is pushed into water bodies 
causing blockage of fish movements, deposition 
of organics on substrates and downstream 
erosion; and 

3. Clearing along streams affects cover, avail
ability of food organisms and temperatures in 
that stream stretch. 

In-stream Activity 

During road construction, it may be necessary for 
heavy equipment to enter water bodies. This can 
alter the substrate and can cause turbidity and 
sedimentation. 

Erosion 

Erosion can result from in-stream use of heavy 
equipment, placement of fill with high organic 
and/or fines content, lack of stabilization or 
revegetation on fi 11 s and cuts and inadequately 
placed or sized culverts. The increased 
sedimentation that may result can degrade downstream 
habitats. 
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Fill Placement 

Fills that are placed within floodplains and streams 
can remove habitat previously used by fish. The 
severity of the impact depends upon the type and 
amount of habitat covered. 

Roads can block sheet flow to or across wetlands. 
When a road bisects a wetland within sufficient 
drainage, one side becomes ponded while the other 
side dries. The change in water quantity will 
affect the vegetation and the nature of the wetland. 
Some wetlands that are contiguous with streams 
provide rearing habitat for juvenile fish. If the 
wetlands are dewatered, that habitat can be reduced 
or lost. Potential alterations of sheet flow are 
being considered during the detailed road design • 

• Changes in Water Quality 

As with dam construction, impacts on water quality during 
road construction will result mainly from erosion and pet
roleum product spills. Erosion may occur due to excava
tion for placement of drainage structures in streams, run
off from disposal sites, :run-off from unstabilized fills, 
placement of material within water bodies, and heavy 
equipment operating within streams. The road will pri
marily affect small, clear water systems. 

Since the systems to be crossed by the road are most like:.. 
ly clear water grayling streams, they would be among the 
more sensitive habitats to petroleum products. Chronic or 
large spills into these streams during construction could 
have severe effects upon the biota, either causing mortal
ities or causing fish and their food organisms to .avoid 
contaminated areas (Maynard and Weber 1981, Weber et al. 
1981). When equipment is operated in streams or refueling 
of equipment takes place within a fl oodpl ai n, petroleum 
products are 1 ikely to enter the water. 

• Disruptions of Fish Populations 

Fish will tend to avoid areas where in-stream work is 
being conducted, areas contaminated by petroleum products 
or, depending on the circumstance, areas experiencing 
excessive turbidity. Barriers to fish movements and 
migrations are created when streams are diverted, flumed, 
or blocked during installation of drainage structures. 
Fish can also be prevented from moving upstream if the 
drainage structure is incorrectly installed. Pumping 
water from streams can adversely affect local populations 
by entraining juvenile fish. 
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During road construction, the area between the Denali 
Highway and the Watana dam site wi 11 be occupied by 
hundreds of workers. Although this area has been 
recreationally utilized in past years, it' has not 
experienced such a large influx of people. Unless 
cantrall ed, this influx can increase fishing pressure on 
the streams and lakes in the area. 

- Construction of Devil Canyon 
Access Road and Auxiliary Roads 

Access to the Devil Canyon damsite will either be by road 
north of the Susitna River from Watana or by rai 1 from 
Go 1 d Creek south of the Sus itna. The road wi 11 depart 
from the Watana road north of the Watana townsite and will 
parallel Tsusena Creek for approximately 1.5 miles. The 
route then roughly fallows the 2900 foot contour west to 
De vi 1 Creek. The road turns south along Devil Creek . for 
about 2 miles and proceeds southwesterly to intersect the 
Susitna River at approximately RM 150, where the road 
crosses the Susitna and parallels an unnamed creek for a 
short distance, ending at the construction camp/village 
site. 

For most of the Devil Canyon access road traverses high 
tundra. Dense shrub vegetation and trees are not encoun
tered until the road nears the Susitna River crossing 
downstream of De vi 1 Canyon. The road crosses numerous 
small streams between Tsusena and Devil Creeks. Tsusena 
Creek contains grayling and possibly cottids and white
fish. Devil Creek may support populations of grayling, 
suckers, cottids and whitefish. Between Devil Creek and 
the Susitna River, there appear to be few areas that host 
fish. 

The railroad access will leave the existing railroad at 
Gold Creek and proceed north to the construction camp 
sit e. It wi 11 remain on the south side of the Susitna 
River. The railroad will cross Gold Creek, which is known 
to contain chi nook sal man (ADF&G 1982a) and wi 11 cross at 
least three tributaries that enter the Susitna River near 
Slough 19. These tributaries most likely do not contain 
fish, but are probably an important source of clear water 
for the slough, which is a spawning area for salmon. The 
railroad will then parallel Jack Long Creek for approxi
mately 3 miles. Jack Long Creek has been documented to 
contain pink, coho, chinook, and chum salmon. It is 
assumed that the road between Watana and Devil Canyon will 
be constructed in the same manner as the segment from the 
Denali Highway (see Section 3.3 (a) (i)). 

E-3-107 

.... 

-

-

-

-
-



-

-

( i i) 

• Alterations of Waterbodies 

Impacts to aquatic habitat will result from stream cros
sings and other instream activities. 

Considerable floodplain and side channel habitat in 
Devil Creek, Tsusena Creek, and Jack Long Creek ~auld be 
affected by road and railroad alignment. Encroachments 
on streams often reduce sheet flow and flow from springs 
to the river and cut off side channels and wetland 
areas. These encroachments often require construction 
of river training structures to protect road integrity. 
These structures can further alter the river system, 
often causing degradation of aquatic habitat. Stream 
crossings and drainage structures have been discussed. 
The problems that may occur on the Denali Highway to 
Watana segment are also applicable to the Devil Canyon 
access. 
Construction of a railroad between Devil Canyon and Gold 
Creek would present similar problems as road construct
ion: aquatic habitat will be affected by gravel mining, 
fills, clearing and stream crossings. However, in wet
land areas, there is the option of building on trestles 
rather than fill. This would be less disruptive to 
natural water movement within the wetland. 

• Changes in Water Quality 

It is expected that water qua 1 ity will be affected by 
turbidity and petroleum product spills as has been 
discussed for Watana access • 

• Disruptions of Fish Populations 

Fish populations in areas affected by the Devil Canyon 
road, auxiliary roads or the railroad will experience 
disruptions similar to those previously described for 
Watana access. 

Operation and Maintenance of Roads 

-Operation of Watana Access Road and Auxiliary Roads 

Impacts due to the operation of the road system wi 11 
likely result from road traffic and maintenance activi
ties • 

• Alteration of Waterbodies 

Alteration of waterbodies during road operation will 
occur as a result of continued maintenance activities. 
Maintenance involves road grading and replacement of 
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material. Improper maintenance techniques can result 
in gravel being pushed off the roadway into streams and 
wetlands and in increased erosion. Road maintenance 
waul d have a greater impact on the sma11er streams, 
such as Deadman Creek, than on the Susitna River. 

This section considers only the road section from the 
Denali Highway to Watana Dam, therefore, impacts 
resulting from road construction wi11 be confined to 
systems along this road alignment • 

• Changes in Water Quality 

During road operations, changes in water quality can 
occur as a resu1t of fuel spi11s, and erosion from 
poorly stabilized roadways. Fuel spills would have the 
most potential impact. 

The Watana access road will cross numerous streams, 
many of which contain fish. In areas where the road 
crosses or encroaches on a water body, an accident 
involving large vehicles, including those carrying 
petroleum products, caul d occur. The impacts associ a
ted with spills wi11 depend upon the season, the type 
of substance spi 11 ed, the size of the system, and the 
species present. 

Erosion from unstable road cuts could be locally 
chronic, however, these activities are not expected to 
cause major impacts • 

• Disturbance to Fish Populations 

Fish have been shown to avoid areas contaminated with 
petroleum products (Maynard & Weber 1981, Weber et al. 
1981) and areas of excessive sedimentation or turbi
dity. Chronic seepage of oil into streams or lakes 
could render some areas unusable. 

Fish impasses due to either physical or velocity 
barriers have been discussed under Section 3.3(c)(i). 

Possibly the greatest source of adverse impacts upon 
fish populations is the increased accessibility of fish 
streams and lakes to fishermen. This will be a greater 
impact than that resulting from operation of the camps 
because the network of access roads and auxiliary roads 
will increase access to lakes and streams. 

As stated in Section 2.3(c) (i), the Watana access road 
will cross Brushkana, Lily, Seattle, and Deadman Creeks 
as well as other small unnamed streams. These creeks 
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are clear water streams and are usually ·inhabited by 
grayling. Deadman Creek, in particular, is known for 
its large and abundant population of grayling. The 
reaches above the falls and bel ow Deadman Lake are 
considered prime grayling habitat. By subjecting this 
stream to increased fishing pressure many of the 
larger, older fish may be removed from the population 
thus causing a decrease in productivity. A similar 
impact may occur to other grayling streams in the 
area. 

- Operation of De vi 1 Canyon Access 
Road Auxiliary Roads, and Railroad 

Aquatic habitat and fish populations will be influenced 
by the operation of roads and railroads through activi
ties such as road traffic and maintenance • 

• Alteration of Waterbodies 

The majority of adverse impacts will have occurred dur
ing road construction. Activities such as road grading 
and replacement of drainage structures will continue to 
affect stream systems • 

• Changes in Water Qua 1 i ty 

The impacts described on water quality that may occur 
during operation of the Watana access road, are a 1 so 
applicable to the Devil Canyon access road and auxil
iary roads • 

• Disruptions of Fish Populations 

Disruptions of fish populations resulting from opera
tion of the Devil Canyon access road, auxiliary roads 
and railroad most likely will be: avoidance of areas 
of unacceptable turbidity, sedimentation and contamina
tion; blockages of fish passage and increased accessi
bility to lakes and streams. 

Transmission Lines Impacts 

(i) Construction of Transmission Line 

- Watana Dam 

The transmission line \'li11 be built from Watana Dam to 
Gold Creek on a route that crosses the Susitna River 
below Watana Dam, runs south of the Susitna to the Devil 
Canyon construction area, then follows the proposed 
railroad from Devil Canyon to Gold Creek. At Gold Creek 
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the transmission system will converge with the Anchorage
Fairbanks intertie, which extenc:ls from Willow to Healy. 
The route south of Willow will extend to Point MacKenzie 
where a submarine cable wi 11 cross Knik Arm. The 
terminus of the southern 1 eg wi 11 be the University 
substation in Anchorage. The northern leg will extend 
from Healy to Ester near Fairbanks. 

A transmission line consists of a series of steel towers 
that support conductors. In this case, the towers wi 11 
be x-framed guyed towers that can carry three conductors. 
From Watana to Gold Creek, there will be two parallel 
sets of towers. At Gold Creek, two lines will go to 
Anchorage and two to Fairbanks. This will necessitate 
construction of one new line parallel to the intertie 
between Willow and Healy and two new lines north of Healy 
and south of Willow. With the addition of Devil Canyon 
Dam, two more lines will be built from Devil Canyon to 
Gold Creek. This will result in an arrangement of 4 
parallel lines of towers in this area. 

Throughout the majority of the route, a 400 foot wide 
right-of-way will be designated. The Devil Canyon- Gold 
Creek segment will require a 500 foot wide right-of-way. 
Within the right-of-way, trees and shrubs within 55 feet 
of the tower centerline will be cleared as well as any 
other trees or shrubs that may hamper construction or 
pose a threat to the completed line. Clearing width for 
a 3-1 ine corri dar waul d be approximately 350 feet 
(Commonwealth et al. 1982). 

The towers within the corridor will be located about 1300 
feet apart. The type of foundation used to support the 
towers will depend upon the substrate. Standard instal
lation involve driving two, 25 foot long steel pilings 
into the ground to anchor the tower and two 15 foot 1 ong 
cables. For wetlands, the pilings will be 50 feet long 
and the anchor cables 30 feet long (APA 1982) • 

• Alteration of Waterbodies 

Adverse impacts of waterbodi es wi 11 result primarily 
from clearing stream crossings, and other instream 
activities associated with installation of the towers 
and conductors. Permanent roads wi 11 not be bui 1 t and 
gravel requirements will be minimal. The effects of 
clearing and heavy equipment traffic have been previ
ously discussed. 

The transmission line can be divided into four seg
ments: central (Watana to Gold Creek), Intertie 
(Willow to Healy), northern (Healy to Ester), and 
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southern (Willow to Anchorage). In the central 
section, the line will cross a number of small unnamed 
tributaries entering the south bank of the Susitna 
River. The impact of constructing a transmission line 
through this area will be similar to, but less than, 
that of the access road (see Section 3.3(c) (i)). 

The Anchorage-Fairbanks Intertie is being built as a 
separate project and will be completed in 1984 (Common
wealth et al. 1982). The Susitna project will add 
another 1 i ne of towers within the same right-of-way. 
The impacts will be similar to those experienced during 
i ntert i e construction. The Environmental Assessment 
Report for the intertie (Commonwealth et al. 1982) 
discusses the expected environmental effects of 
transmission line construction in this segment. Fish 
streams that will be crossed include the Nenana River, 
Talkeetna River, Chunila Creek, Susitna River, and the 
Kashwitna River. 

In the southern segment, the transmission 1 i ne wi 11 
begin at the Willow substation approximately one half 
mile north of Willow Creek. Proceeding south, the 1 ine 
will be routed between the Susitna River and the Nancy 
Lake area, passing within 0.75 miles of the river. It 
will cross several Susitna River tributaries including 
Fish Creek at approximate milepost (AMP) 18, before 
crossing the Little Susitna at AMP 26. Few streams are 
crossed between the Little Susitna River and Knik Arm 
at AMP 44. Knik Arm, which is approximately 2.5 miles 
wide at that point, is crossed by a submarine cable. 
The Knik Arm switching station is located between 
Sixmile Creek and Eagle River. From there the trans
mission 1 ine bypasses Otter Lake, and crosses the 
Alaska Railroad and Fossil Creek. After crossing the 
Davis Highway it parallels the Glenn Highway for about 
2 miles. Ship Creek is crossed at AMP 75 and traverses 
the Chugach Foothi 11 s before terminating at the 
University substation near the corner of Tudor and 
Muldoon Roads. 

The northern portion begins at the Healy substation and 
immediately crosses the Nenana River, proceeding west 
to Dry Creek at AMP 4. 75. The 1 i ne turns north at this 
point and roughly parallels the Parks Highway for the 
majority of its length. The Nenana River is crossed 
again at AMP 2. 75 and AMP 58. 75. The 1 i ne ends at the 
Ester Substation (AMP 94.25). 

Dur·ing transmission line construction, it will be 
necessary for heavy equipment such as hydroaxes and 
drill rigs to cross streams. Several factors will in
fluence the severity of impact on the aquatic habitat. 
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1. Season in which construction takes place; 
2. Size of the system; 
3. Type of habitat in the crossing area; 
4. Species present; 
5. Frequency of crossing; 
6. Type of crossing, i.e. temporary bridge, temporary 

culvert, low water crossing; 
7. Stream bank configuration; and 
8. Stream bed composition. 

It is expected that sma 11 , confined systems wi 11 be 
more susceptible to ad verse impacts from transmission 
line construction than will larger streams. 

The access points for construction of the transmission 
line will be decided during the detailed design. The 
Willow to Healy section will probably use access 
established during construction of the Intertie. It is 
1 ikely that access will require crossing streams and 
wetlands and thus expand the area in which adverse 
impacts due to transmission line construction may 
occur. 

Details of the instal1ation of the cable under Knik Arm 
are to be developed during final design. Knik Arm is 
primarily a migration route for anadromous species 
that utilize the Knik and t~atanuska River drainages. 
Benthic organisms and other resident species are sparce 
due to the excessive amount of glacial material on the 
sea floor. It is unlikely that alteration of this area 
wi 11 have any effect upon resident or anadromous spe
cies. 

Changes in Water Quality 

It is expected that temporary increases in turbidity 
and sedimentation will occur in streams subjected to 
i nstream activities during construction of the trans
mission 1 i ne. Temperatures in stream reaches where 
vegetation is removed may slightly increase, but this 
increase is expected to have an insignificant effect 
upon species in the area. Small, clear water systems 
will most 1 ikely be affected to a greater extent than 
will large systems. The effects are not expected to be 
1 ong-term. 

In addition, streams that are crossed will be exposed 
to possible contamination by petroleum products due 
primarily to vehicle accidents. 
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• Disturbance of Fish Populations 

Avoidance reactions associated with increased turbidity 
and petroleum product contamination may occur. Fish 
will also avoid areas where instream activities occur 
and~ depending upon the timing, migrations may be 
affected. Clearing may remove overhanging vegetation 
that provides cover for fish • 

Construction of the 1 i ne wi 11 open areas to increased 
fishing. During construction~ this will most likely be 
confined to workers. The effects may be greater in the 
northern segment where access has previously been 
limited. 

Operation of the Transmission Line 

- Watana Dam 

Once the transmission line has been built, there will be 
very few activities associated with routine maintenance 
of towers and 1 i nes that caul d adversely affect aquatic 
habitat. 

• Alteration of Waterbodies 

Some localized habitat disruption could occur when 
maintenance vehicles need to cross wetlands and streams 
to repair damaged lines or towers. In most cases, per
manent roads are not built in conjunction with trans
mission lines. Rather, revegetation is allowed to 
proceed to a certain extent around the towers. The 
vegetation is usually limited to grasses and shrubs and 
not large trees so that vehicles are able to follow the 
c 1 eared ar~a associ a ted with the 1 i nes. Streams may 
need to be forded in order to effect repairs. Depend
; ng on the season, crossing 1 ocat ion, type and fre
quency of vehicle traffic, aquatic habitat in the imme
diate vicinity of the crossing could be affected. In 
addition, downstream reaches may be affected by in
creased sedimentation due to erosion • 

• Changes in Water Quality 

Changes in water quality during operation of the trans
mission lines are likely to result from increased tur
bidity, instream activities, possible contamination 
from fuels • 

• Disturbance to Fish Populations 

Instream activities associated with line repair and 
maintenance could cause disruptions of fish populations 
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in limited areas. The greatest disruption will result 
from the increased accessibility to some fishing areas 
from the cleared transmission corridor. Because the 
vegetation is kept relatively low, hikers and 
allterrain vehicles can use the corridors as trails. 
In winter, snowmachines also traverse these cleared 
areas. This wi 11 result in greater numbers of 
fishermen being able to reach areas that previously 
experienced little or no fishing pressurec This effect 
will be more acute in areas where the new transmission 
route diverges from existing roads and transmission 
lines, such as south of Willow and north of Healy. The 
area between Healy and Willow will have been subjected 
to disturbance and increased pressure during 
construction of the Anchorage/Fairbanks Intertie. Any 
increased pressure from the Susitna power system wi 11 
probably be minor. The presence of an operating cable 
under Knik Arm should cause no impacts to fish 
p o pu 1 at i on s • 
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2.5 - Aquatic Studies Program 

The aquatic studies program is an integral part of t~e continuing plan
ning and design for the Susitna Hydroelectric Project;. The information 
presented in this document is primarily bas~d on results of 1981 field 
studies with some preliminary information from the-l982 study program. 
Interpretation and analysis of the 1982 data is in progress and supple
mental reports containing the results of these analysis will be com
pleted in June 1983. Continuing field-~9ata/t:ollections have been 
funded through the 1982-1983 winter season. -.. ,MqJeling efforts have been 
initiated to incorporate all project data Tnto a quantified impact 
assessment. Scopes of work for the 1984 field season are being devel
opment. As information becomes available from field studies and impact 
analysis, the conceptual mitigation plan will be refined into a de
tailed plan specifying number, location, and design of mitigation 
features. 

Additional studies will evolve from the analysis of the previous stud
ies. As a more refined understanding of project impacts and viable 
mitigation features is acquired, the emphasis of the study program wi11 
shift towards providing the design criteria needed to implement the 
mitigation features. The aquatic studies will produce the information 
required to prepare mitigation programs for the preconstruction, con
struction, filling, and operational phases of the project. 

(a) Preconstruction Phase 

During the preconstruction phase, the aquatic studies program 
wi 11 : 

- Provide supplemental information required for support of the 
license application; 

- Continue to define seasonal habitat relationships; 

Continue quantifying the predicted impacts; and 

- Evaluate the proposed mitigating measures. 

The need for specific tasks will be translated into field 
programs. 

(b) Construction Phase 

During the planning for construction, information will be needed 
to properly design site facilities and schedule construction 
activities to avoid impacts to aquatic habitats. Incorporating 
environmental d~sign criteria into design, siting, and scheduling 
activities is a major feature of the construction migitation plan. 
Review of proposed actions and facilities will generate the need 
for some additional data. These needs will be translated into an 
orderly field study program. Environmenta 1 design criteria wi 11 
be incorporated during the planning stage in order to avoid or 
minimize impacts. 
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(c} Filling and Operation Phases 

Dur·ing filEng and operation, monitoring studies will· permit re
finement of.' mitigation features to improve performance. 

2.6 - Monitoring 'Studies 

As discussed in Section 1.3 and the Susitna Hydroelectric Project Miti
gation Policy Report, monitGiing studies are recognized as an essential 
project mitigation feature that provides for a reduction of impacts 
over time. Monitoring~ will be conducted during project construction 
and operation for the following: 

- To insure that good construction practices are being employed on the 
project; 

- To evaluate the effectiveness of the operation and maintenance of 
mitigation features; and 

- To recommend changes in construction practices or mitigation features 
to further avoid, minimize, or reduce impacts. 

(a) Construction Monitoring 

Construction monitoring will consist of monitoring construction 
activities to ensure that proper construction practices, as de
tailed in the project construction practices manual, are being 
followed a.nd that project facilities are being properly main
tained. This monitoring activity wi 11 cover all project fac il i
ties, including access road construction and maintenance, camp and 
village construction, material removal, washing operations for dam 
construction, reservoir clearing, abandonment, and rehabilitation 
activities. 

(b} Operational Monitoring 

Op_erational monitoring will be conducted 
t i veness of the project mitigation plan. 
be monitored to evaluate if an adequate 
being achieved include: 

Sloughs; 

to evaluate the effec
Mitigation features to 

level of mitigation is 

Mainstem and side channel salmon spawning areas; 
- The grayling population provided by the stocking program; and 
- The fixed-cone valves designed to avoid gas supersaturation. 

The monitoring activity will include evaluating the operation and 
maintenance procedures to ensure that the facilities are operating 
effectively. 

E-3-117 



-
'~ 

-~ 

2.4 - Mitigation Issues and Proposed Mitigating Measures 

(a) Mitigation of Construction Impacts Upon Fish and Aquatic Habitats 

Mitigation of construction impacts is achieved primarily by in
corporating environmental criteria into pre-construction planning 
and desi.gn~ and to good construction practices. By incorporating 
environmental criteria into design activities, construction of the 
Susitna dams and related facilities impacts to aquatic habitats 
will be avoided or minimized. 

The aquatic studies program will make major contributions to pre
construction planning and design. Studies will be used in siting, 
design~ and scheduling of project facilities and activities. For 
example, the final alignment of the Watana access road will take 
into consideration the fish streams along its route. The road is 
sited to avoid encroachment on streams, to minimize, stream and 
crossings and impacts at required crossings and to minimize cut 
banks. 

Biological information will be incorporated into design criteria 
and construction practices. A high degree of communication and 
cooperation wi 11 be maintained between environmental staffs and 
design and construction personnel in order to facilitate integra
tion of biological criteria into designs, specifications, and 
construction practices. 

Scheduling of construction activities is an important aspect of 
pre-construction planning and is another means of avoiding or 
minimizing adverse impacts to fish and aquatic habitats. Whenever 
possible, activities will be scheduled to avoid known sensitive 
periods. 

Continued monitoring of the construction facilities and activities 
will ensure that impacts to the aquatic environment are avoided or 
minimized. IV1onitoring can identify areas that may need rehabil i
tation or maintenance, and areas where previous mitigation 
measures have proven inadequate and remedial action must be taken. 

Potential impacts are identified in Section 2.3. The following is 
a discussion of the impact issues and the mitigation measures that 
will be applied during and after construction. Those issues con
sidered to have the greatest potential for adverse impact to the 
aquatic environment are discussed first. Avoidance, minimization, 
rectification and reduction of impacts are discussed. 

(i) Stream Crossings and Encroachments 

- Impact Issue 

Improperly constructed stream crossings can b 1 ock fish 
movements and/or increase erosion into the stream. Roads 
with inadequate drainage can alter run-off patterns to 
nearby wetlands and streams. 
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- Mitigation 

The objective in constructing stream crossings is to 
maintain the natural stream configuration (Lauman 1976) 
and flow so that passage of fish is assured. Maintenance 
of fish passage is required under AAS 16.840. For the 
project area, the evaluation species used in developing 
criteria for stream crossing is Arctic grayling. In 
constructing a crossing consideration will be given to 
the following: presence or absence of fish/fish habitat, 
location of crossing, type of crossing structure, flow 
regime and method of installation • 

• Location of Crossing 

Project roads will be aligned and located to minimize 
the number of stream crossings. When crossings are 
unavoidable, the crossing will be located to cross the 
stream at a right angle in a stream stretch that is 
straight (Lauman 1976), and with narrow stable banks 
which do not require cutting or excessive stabil iza
tion. The crossings will be located so that important 
habitats, such as spawning beds and overwintering 
areas, are not disrupted • 

. Type of Crossing Structure 

Open-bottom arch culverts wi 11 be installed wherever 
possible. Multiplate elliptical and oversized circular 
culverts can also be used to maintain the natural 
stream bed (Joyce, Rundquist and Moulton 1980 and 
Lauman 1976) and wi 11 be used when open arch culverts 
are not feasible. Standard size circular culverts will 
only be used in intermittent drainages that do not 
constitute fish habitat. 

Cu 1 verts wi 11 
Fish and Game 
tical times. 
and wi 11 be 
erosion at the 

be designed to the Alaska Department of 
criteria needed to pass grayling at cri ~ 
Culverts will be set to avoid perching 
armored, when necessary, to minimize 
out 1 et. 

Log stringer and temporary bridges wi 11 be used where 
infrequent, light vehicle traffic is expected. Their 
use on the Susitna Project will be limited to the 
transmission line corridor. During winter transmission 
line construction, snow and ice bridges will be used to 
cross streams. 
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Methods of Installation 

When culverts other than open-bottom arches are used~ 

streams will be diverted around the work area until the 
crossing is completed. On small systems~ the stream 
may be flumed. Diversion or fluming will reduce the 
amount of sediment transport. 

In some areas, roads and transmission lines must 
parallel a stream or river. The alignment will be away 
from the floodplain to the greatest extent possible. 
Where this is not possible, the road will be aligned to 
preclude channelization of the stream • 

The transmission towers wi 11 be aligned so structures 
are out of streams and fl oodp 1 ai ns to the best extent 
practical. Instream activities will be confined to 
i nst a 11 at ion of drainage structures on access routes. 
Where pract i ca 1 ~ construction wi 11 be scheduled for 
winter months when heavy equipment can cross frozen 
creeks without elaborate constructed crossings. 

Increased Fishing Pressure 

- Impact Issue 

The sport fishing pressure on the local streams and lake 
wi 11 substantially increase. The access, road and por
tions of the transmission line will allow fishermen to 
reach areas previously unexploited. 

- Mitigation 

During the construction phase, access to the streams will 
be limited by closing roads to unauthorized traffic. The 
Alaska Board of Fisheries will be provided such informa
tion as they require to manage the fisheries. Some 
streams, such as Deadman Creek, will require modification 
of current seasons and catch limits if current stocks are 
to be maintained. These regulations may take the form of 
reduced seasons or catch limits, imposition of maximum 
size limits or control of fishing methods. Since public 
health regulations will not allow sport-caught fish to be 
stored or prepared at public food service facilities, the 
project policy will be that all fishing is restricted to 
catch-and-release. 

Erosion Control 

- Impact Issue 

Sustained high levels of sediment in a system can change 
the species composition of the system (Bell 1973, Alyeska 
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Pipeline Service Company 1974). Siltation can affect 
development of fish eggs and benthic food organisms. 

- Mitigation 

The primary mitigation measures that will be used to 
minimize construction erosion are: 1) location of facil
ities away from the clear water fish streams; 2) employ 
erosion control measures such as run off control, 
stilling basins and revegetation; 3) schedule erosion
producing activities at biologically non-critical seasons 
{APSC 1974); 4) minimize the time necessary to complete 
the activity so that erosion is a short-term, non
reoccurring problem; and 5) maintenance of vegetated 
buffer zones. 

The natural vegetation in an area is a major factor in 
preventing erosion (APSC 1974). Clearing for roads, 
transmission lines and other facilities will be confined 
to the minimum area necessary. For transmission lines, 
only taller trees and shrubs will be removed; the vegeta
tive mat itself need not be disturbed. Adjacient to 
streams, especially small systems, clearing will be done 
by hand. Cleared material wi 11 be removed from the 
floodplain to approved disposal sites, if it is not 
salvaged or burned on site. 

Disposal sites that contain cleared slash and substandard 
materials (overburden) will be located in upland loca
tions away from waterbodies. Disposal sites will be 
constructed so that neither run-off during breakup nor 
rainfall will wash silty material into streams. This may 
entail run-off control structures, surrounding the dis
posa 1 site with berms, or channe 1 i ng run-off through 
containment ponds. 

If run-off is expected to carry silt to nearby water
bodies from a construction site, settling basins will be 
built. Cl ari fi ed water will be di charged into receiving 
waters at an approved point. 

Proper grading, mulching and revegetation of cut and fill 
areas will be used to avoid chronic erosion. 

(iv) Material Removal 

- Impact Issue 

Removal of floodplain gravel can cause erosion, silta
tion, increased turbidity, increased glaciation, fish 
entrapment and alteration of fish habitat. 
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-Mitigation 

Adverse impacts on aquatic habitats will be avoided or 
minimized by .application of guidelines more fully dis
cussed in Joyce, Rundquist and Moulton (1980b), and in 
Burger and Swenson (1977). 

Before floodplain material sites are used, it will first 
be determined that upland sources are inadequate to sup
ply the needed material. Floodplain sites will be thor
oughly explored to verify that they can supply the neces
sary quantities. Important habitats such as overwinter
ing and spawning areas will be identified and avoided. 

Buffers of undisturbed vegetation will be retained be
tween the sites and any active channels. The site will 
conform to the natural river features, including shaping 
gravel bars to conform to their original shape and exca
vating to provide irregular plane (shorelines) and pro
file (depths). If possible, mining will be scheduled to 
avoid conflicts with fish migrations, spawning, or other 
important occurrences. If mining is to occur during the 
winter, buffer zones and other sensitive areas will be 
flagged to avoid disturbance. Sites wi 11 be located to 
avoid or minimize instream work. Mining areas that may 
trap fish will notbe created. Material will be stock
piled outside the floodplain to avoid backing flow at 
higher stages and the poss·ibil ity of material being 
eroded into downstream reaches. Overburden will be dis
posed of in upland sites or returned, contoured and 
p 1 anted. 

Material washing operations will recycle water and will 
not discharge into adjacent streams. 

The Tsusena Creek material site will be rehabilitated 
after mining has ceased. The goal of rehabilitation will 
be to return the system to productive aquatic habitat. 
The site will be shaped and contoured to enhance fish 
habitat (Joyce, Rundquist and Moulton, l980b), and all 
man-made items removed from the site. Exposed slopes 
will be graded and seeded. Clear water in settling ponds 
will be removed. The drained ponds will be covered with 
gravel, contoured and seeded to avoid erosion. 

Rehabilitated areas will be monitored to ensure that 
grading, revegetation and other mitigation measures are 
effective. The Cheechako Creek and Susitna River borrow 
sites will be inundated and will not require rehabil ita
tion. 
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(v) Oil and Hazardous Material Spills 

- Impact Issue 

Oi 1 spi 11 s into streams are taxi c to fish and their food 
organisms. 

- Mitigation 

An oi 1 and hazardous materials transfer, storage and 
accident response plan will be developed as part of the 
construction practice manuals required by Alaska 
Department of Environmental Conservation (DEC). 

Equipment refue 1 i ng or repair wi 11 not be a 11 owed in or 
near floodplains without adequate provisions to prevent 
the escape of oi 1. Waste oi 1 wi 11 be removed from the 
site and be disposed of using ADEC/EPA approved proce
dures. Fuel storage tanks wi 11 be located away from 
waterbodies and within lined, bermed areas capable of 
containing 110 percent of the tank volume. Fuel tanks 
will be metered and all outflow of fuel accounted for. 
A 11 fue 1 ·1 i nes wi 11 be 1 ocated in aboveground or ground 
surface utilidors to facilitate location of ruptured or 
sheared fuel lines. 

Vehicle accidents, although difficult to fully protect 
against, can be minimized by constructing the roads with 
properly des i 1 gned curves to accommodate winter driving 
conditions. The roads wi 11 be adequately signed and 
during the winter, difficult stretches will be regularly 
c 1 eared and sanded. In summer, dust cant ro 1 wi 11 be 
accomplished with water. 

State law requires that all oil spills, no matter how 
small, be reported to DEC. Personnel will be assigned to 
monitor storage and transfer of oil and fuel; and to 
identify and cleanup spilled oil and other hazardous 
material. 

All personnel employed on the project, especially fie1d 
personne 1, wi 11 be trained to respond to fue 1 spills in 
accordance with the approved oi 1 spi 11 contingency plan. 
The plan will include a manual and training program 
describing: 

Actions to take as a first line of defense in the event 
of a fuel spill. 

Contact persons in the construction organization and in 
state agencies. 
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. The locations of sensitive habitats . 

. The location of all oil spill control and clean-up 
equipment, the types of equipment at each location, and 
appropriate procedures. 

Records to keep during an oil spill and clean-up 
operation. 

Oi 1 spi 11 equipment wi 11 be appropriate to the types of 
spills expected during the project and adequate to handle 
the largest spill expected. Personnel will be trained in 
the operation of the equipment and the equipment will be 
inventoried and tested regularly to make sure it is in 
proper working order in the event of an emergency (Bohme 
and Brushett 1979, Lindstedt-Siva 1979). 

(vi) Water Removal 

(vi 1) 

- Impact Issue 

Fish fry and juveniles can be impinged on intake screens 
or entrained into hoses and pumps. 

- Mitigation 

If possible, surface water withdrawal will be from 
streams or lakes that do not contain fish. If water must 
be withdrawn from a fish-bearing waterbody, the Alaska 
Department of Fish and Game intake design criteria will 
be used for all intakes. 

The ADF&G criteria are that: 1) all intakes should be 
screened; 2) openings in the screen should not exceed 
0.04 sq. in.; and 3) water velocity at the screen should 
not exceed 0.1 fps. No more than 20 percent of the 
instantaneous flow will be removed at any time. 

Blasting 

- Impact Issue 

Blasting in or near fish streams can rupture swim 
bladders and damage incubating embryos. 

- Mitigation 

The Alaska Department of Fish and Game has standard 
blasting guidelines that establish the distance from 
water bodies at which charges can be detonated without 
harming fish. Blasting will be accomplished using these 
guidelines. 
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(viii) Susitna River Diversions 

- Impact Issue 

Fish passing downstream through the diversion tunnels are 
expected to be lost because of the high tunnel velocities 
(over 18 ft/sec during summer flows that exceed 20,000 
cfs and 20 ft/sec during winter). During summer, 
relatively few fish are present in the tunnel entrance 
vicinity. During winter, resident fish are expected to 
overwinter in the head pond above the upstream cofferdam. 

- Mitigation 

The fish lost in the diversion tunnel, primarily in the 
winter, would have been lost during reservoir filling. 
Mitigation for these losses is discussed under Mitigation 
for Inundation Impacts in Section 2.4(b). 

(ix) Water Quality Changes 

- Impact Issue 

Discharge of camp effluents result in increased levels of 
metals and nutrient loading. Concrete batching plants 
release high alkaline effluents. 

- Mitigation 

Effluents will 
standards. 

comply with ADEC/USEPA effluent 

The concrete batching effluent will be neutralized prior 
to discharge to avoid impacts related to change in the pH 
of the receiving water. 

(x) Clearing the Impoundment Area 

- Statement of Issue 

Removing vegetation along streams can lead to accelerated 
erosion into the streams altered temperature regimes and 
equipment entering perennial or ephemeral stream ways. 

- Mitigation 

Clearing will be scheduled as close to reservoir filling 
as is feasible. Disturbance to the vegetative mat will 
be avoided. Erosion control methods wi 11 be employed 
wherever needed to minimize unnecessary erosion to 
streams. To the extent pr act i c a 1, c 1 ear i ng will take 
place during the winter. 
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(b) Mitigation of Filling and Operation Impacts 

(i) Approach to Mitigation 

The objective of the fisheries mitigation, as discussed in 
Section 1. 3, is to mitigate the adverse impacts of the 
Susitna Project on fish resources using the heirarchical 
approach to mitigation contained in the Susitna Hydro
electric Prbject, U.S. Fish and Wildlife and Alaska 
Department of Fish and Game mitigation policies. The five 
basic mitigative actions, in order of priority, are: 

. Avoiding impacts through design features or scheduling 
activities to avoid loss of resources. 

• Minimizing impacts by carefully scheduling and locating 
operations, timing and controlling flow releases, and 
cantrall ing impacts through best management practices . 

. Rectifying impacts by repairing disturbed areas to pro
vide optional fish habitat and re-establishing fish in 
repaired areas . 

. Reducing or eliminating impacts over time through 
monitoring, maintenance and proper training of project 
personnel . 

. Compensating for impacts by conducting habitat construc
tion activities that rehabilitate altered habitat or 
managing resources on project or nearby public lands to 
increase habitat values. 

Each of the following impact issues is addressed in terms 
of these five mitigation actions. Figure E. 3. 30 summarizes 
mitigation features for major impact issues associ a ted with 
operation of the project. 

(ii) Mitigation of Downstream Impacts 
Associated with Flow Regime 

- Impact Issue 

As described in Exhibit A, the proposed project consists 
of two stages, the first stage (Watana-developnent) and 
the second stage (Watana-Devil Canyon development). Each 
stage requires its own flow release schedule during both 
filling and operation. The flow release schedule is 
designed to provide a balance between filling power gen
eration and instream flow requirements. The initial 
filling of Watana reservoir will take approximately three 
years using a flow release schedule as shown in Table 
E.3.17. After filling is complete, Watana Dam power 
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plant will be operated outlined in Table E3.24. Devil 
Canyon Dam reservoir wi 11 be fi 11 ed in about five months 
following the Watana filling schedule. The operation of 
the two dam stage will result in a flow regime in Table 
3.27. Flows in these tables are stated for a gage at 
Gold Creek. 

As discussed in Section 2.3, a primary fishery concern is 
to provide suitable flows between Talkeetna and Devil 
Canyon that: 

All ow adult salmon access to tributary spawning areas; 

Allow adult salmon access to slough spawning habitat; 

• Maintain a suitable water depth on the spawning beds 
throughout the spawning period; 

• Maintain flow through the spawning gravels during the 
incubation period; and 

. Provide a flow-related stimulus to stimulate the out
migration of fry. 

Additional fisheries concerns related to instream flow 
needs of resident and juvenile anadromous fishes include 
the need to: 

. Mainta.iri overwintering and summer feeding habitat; and 

Maintain access to tributary spawning and rearing 
habitat. 

Measures To Avoid Impacts 

Adverse impacts to fishery resources resulting from flow 
alteration can be avo·ided or minimized through selection 
of an appropriate flow regime. While hydroelectric 
developments with storage facilities alter the natural 
flow regime in the river, changes in streamflow patterns 
do not necessarily result in adverse impacts to fish pop
ulations. For example, if low flows are limiting fish 
populations then supplementing low flow may result in 
enhancement to that population. 

It is presently considered that the proposed project 
flows will i act salmon. The proposed summer flow of 
12,000 cfs ef ·e..n July 25 and September 15, may not 
allow free asa:ge"'Q.~~ adults into some spawning sloughs. 
In addition,,~~'~ sp'a:~ning area within the slough may be 
reduced becai:.r~~of_)reduced up we 11 i ng. Altho ugh the 
aquatic studies program is continuing to evaluate flow 
requirements, it is believed that flows needed to avoid 
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any impacts to adult salmon in the July 25 - September 15 
period may be the range of 18,000 to 20,000 cfs at Gold 
Creek. 

- Measures To Minimize Impacts 

A flow release schedule will be used that minimizes the 
loss of downstream habitat and maintains normal timing of 
flow-related biological stimuli. One criterion that in
fluences the establishment of the flow release schedule 
is the choice of the key fish· species and/or 1 ife stage 
to be protected. The evaluation species and 1 ife stage 
for each time unit has been identified. Instream flow 
requirements are being determined for each species/life 
stage/time unit combination. A flow regime that is bene
ficial to one evaluation species/life stage may adversely 
affect another. A hierarchy of the species/life stages 
is established and preference is given to the species 
with the higher priority. The species/life stage hier
archy for this proposed project is based on the evalua
tion of the species important to the region as commer
cial, recreational, subsistence, and aesthetic resources 
and their value to the ecosystem. In. the reach between 
Talkeetna and Devil Canyon, chum salmon were given high
est priority followed by sockeye, chimook, coho and pink 
salmon (Section 2.l(d)). 

Winter Flow Regime (November-April) 

The winter flow regime wi 11 be reduced during filling 
flow regimes and sustantially increased during opera
tion of both project stages. Primary species/life 
stages impacted by the modified winter flows waul d be 
(in order of sensitivity): incubating salmon embryos 
(all species), overwintering salmon juveniles and over
wintering resident species (all 1 ife stages). Average 
monthly flows during filling of Watana reservoir from 
about 90 percent of the pre-project average for March 
at Gold Creek to 38 percent of lhe pre-project average 
in November (Table E.3.17). Since only minor reduc
tions in March, the low-flow month, impacts are 
expected to be minor. 

During operation, the winter releases are substantially 
increased to provide power during the high demand 
winter seasons. The increased winter flows are largest 
during the two dam stages, when increases above the 
normal average monthly flow ranges from about 269 per
cent at Gold Creek in November to about 750 percent in 
February and March (Table E.3.27). The increased flows 
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will increase the avail able overwintering habitat down
stream for salmon juveniles and all 1 ife stages of 
resident species. The slough habitat for the incubat
ing salmon embryos may be enhanced through increased 
intergravel flow associated with the larger flows, or 
it may be degraded if the higher flows substantially 
alter the intergravel temperature regime or ice condi
tions. These and other potential impacts to slough 
habitats are the subject of ongoing studies . 

. Spring Flow Regime {May-June) 

The spring flow regime will be reduced below the pre
project flows for all post-project regimes. Average 
post-project f1ows at Gold Creek in May will be 45 per
cent of pre-project flows during Watana filling, 79 
percent of pre-project flows during Watana operation 
and 66 percent pre-project flows during Watan a/Devil 
Canyon operation. 

Average post-project flows in June will be 22 
of pre-project flows during Watana filling, 41 
during Watana operation and 46 percent 
Watana/Devil Canyon operation. 

percent 
percent 

during 

During project operation, the post-project flows will 
nearly equal the normal preproj ect flows for a short 
time in late April or early May as the post-project 
flow regime passes from a condition of winter flow 
augmentation to summer f1ow reduction. Breakup flood 
flows are reduced in the regulated flow regimes. 

The primary species/1 ife stage that would be impacted 
during spring flows are salmon fry. It is hypothesized 
that the spring breakup flows may induce salmon fry, 
particularly chum and pink salmon, to move out of the 
sloughs, and other incubation gravels, and begin the 
process of outmigration. During the 1982 spring flood, 
considerab 1 e mainstem ice jamming was observed, re
sulting in increased stage in the side channels and 
sloughs. Fry were observed to vacate the sloughs as 
the river stage dropped. Operational flows would 
reduce the magnitude of the spring flows such that 
sloughs would not be overtopped. If the sloughs are 
not overtopped, fry may not be exposed to the trig
gering stimulus needed to initiate outmigration. The 
effects of spring breakup on fry migration during the 
1983 spring breakup period will be evaluated to 1) test 
the hypothesis that the breakup flood is important to 
fry outmigration; and 2) identify the magnitude of flow 
that will provide the proper conditions for fry 
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outmigration. If the 1983 studies indicate that a 
spring flood is necessary for outmigration, this infor
mation will form the basis for modifying the spring 
release schedule to provide a sufficient stimulus. The 
effectiveness of these releases will be evaluated dur
ing the filling and operational monitoring studies. 

. Summer Flow Regime (July- October) 

The five species of Pacific salmon enter the spawning 
areas during the summer high flow periods. Most of the 
spawning in the Talkeetna to Devil Canyon reach is con
fined to sloughs and tributaries. Access to the slough 
spawning areas is apparently provided by a combination 
of the high summer flows in the Susitna River mainstem 
and the summer surface inflow to the sloughs. In addi
tion, the useable spawning area in sloughs is at least 
partly controlled by backwater levels from the mainstem 
into sloughs. Upwelling groundwater in the sloughs 
attracts adults, maintains the permeability of spawning 
gravels and provides a stable winter flow during the 
embryo incubation period. The primary species/life 
stage that would be impacted in the summer is adult 
chum salmon. 

The summer flow regime wi 11 be 1 ower during fi 11 i ng and 
operation than the natural regime. This permits for 
filling the reservoir during the season of high flow 
and low power demand. The greatest reductions will be 
during the filling operation, with post-project flows 
at Gold Creek reduced to 27 percent of pre-project 
flows in July nad 70 percent in September (Table 
E.3.17. A smaller change is anticipated during project 
operation, ranging from a 66 percent reduction in July 
to a 38 percent increase in October (Tables E.2.24 and 
E. 3. 27. 

The proposed operational flows from July 25 to 
September (described in Chapter 2) would provide 12,000 
cfs at Gold Creek, and will neither avoid nor minimize 
impacts to spawning salmon. It is anticipated that 
adult salmon will experience difficulty in gaining 
access to the sloughs. The flows are of sufficient 
magnitude, however, to undertake to rectifying impacts 
to salmon spawning activity by modifying ·existing 
spawning habitat to maintain natural spawning by 
salmon. Rectifying measures are discussed below. 
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- Rectification of Impact 

. Winter Flows 

Since minimal impacts are expected during both filling 
and operation a 1 winter f 1 ow, rectifying measures are 
not needed . 

. Spring Flows 

If salmon fry require a high breakup flow in 
successfully outmigrate, a properly timed 
sufficient level will be proivded to minimize 
Rectifying measures will not be needed . 

. Summer Flows 

order to 
flow of 
impacts. 

Impacts to salmon spawning areas cannot be eliminated 
at the proposed project flows. The method selected for 
rectification is to physically modify the geometry of 
the sloughs to restore their suitability as spawning 
and incubation habitat. Because such slough modifica
tions have not previously been attempted in Alaska, a 
demonstration project to examine the feasibility of 
slough modification program is scheduled to be 
initiated in the summer 1983 field season. 

The goals of slough modification area: 1) to maintain 
or enhance ground water flow; 2) to provide a water 
depth that wi 11 permit access and spawning; and 3) to 
maintain or enhance permeable spawning gravels. These 
goals will be met by: 1) selecting a site that can 
provide sufficient ground water flow to support salmon 
embryos through the winter, 2) providing upstream 
control works that will allow control of mainstem flow 
entering the slough; and 3) constructing downstream 
control works to allow access by adults and maintain a 
suitable depth of water over suitable substrate for 
spawning. Elements of this slough modification program 
are illustrated in Figure E.3.9. 

- Reduction of Impacts Over Time 

Post-operational monitoring will be conducted to evaluate 
the effectiveness of mitigation measures (see Section 
2.6). If further impact reduction is required to main
tain existing fish populations, additional mitigation 
measures will be incorporated. Certain target mitigation 
issues will receive priority in the monitoring program. 
These include monitoring fry outmigation and the effects 
of summer project flows on adult salmon movements. The 
outmigration of salmon fry will be monitored to evaluate 
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if the proper timing of outmigration is achieved. The 
basis for such an evaluation will be the baseline 
outmigration studies and within year comparison to 
adjacent unregulated systems. If there are significant 
differences in the timing of fry outmigration and these 
differences are related to flow levels, an adjustment of 
the spring breakup flow wi 11 be made to provide a 
properly timed outmigration to reduce the impact. 

Monitoring will be conducted to evalute if the summer 
base flow achieved the intended level of mitigation. The 
monitoring study will include documentation of adult 
migration rates, access to slough spawning habitats, and 
embryo survival. If natural production cannot be main
tained in the sloughs with the proposed flows, then it 
wi 11 be necessary to alter the flow schedule to achieve 
the proper flow. If such flows are not feasible, then 
selected sloughs will be modified to increase their suit
ability as salmon spawning and incubation habitat. The 
production of these modified sloughs will be monitored to 
measure the success of these modifications, including 
studies of access, available spawning habitat and incuba
tion success. Periodic maintenance of spawning gravels 
and flow control structure inspection will be required to 
ensure that the modified sloughs are adequately function
ing. The maintenance schedule will be determined based 
upon the results of the slough modification demonstration 
project and ongoing monitoring studies. 

- Compensation For Impacts 

If the flow-related impacts cannot be minimized, recti
fied or adequately reduced with the implemented mitiga
tion measures, it may be necessary to compensate for the 
lost fishery resources. Compensation for lost salmon 
productivity will consist of: 1) channel modifications 
in side-channel and mainstem areas to increase the suit
ability of these habitats for spawning and 2) providing 
spawning channels in areas of groundwater upwelling or in 
association with clearwater tributaries. 

The lack of suitable substrate may limit the availability 
of spawning habitat under project operation. In areas 
with suitable hydraulic conditions, the addition of 
gravels or the cleansing of gravels in areas with suit
ably sized particles will provide additional habitat 
required to accommodate adults di sp 1 aced from other 
habitats. 

Some of the existing side channels have substrates suit
ably sized for spawning, but the particles are cemented 
together by glacial silts and sands. The heavy sediment 
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load and peak flows that presently exist in the Susitna 
River have resulted in a high degree of compaction in the 
substrate. If the sands and silts cementing the gravels 
together are removed, these areas may provide suitable 
spawning habitats. In some of these side-channels it may 
be sufficient to create a mechanical disturbance that 
would allow the streamflow to remove the silts and sands. 
It may be possible to use a bulldozer with a scarifier to 
rake the streambed and stir up the fine sediments (Trihey 
l982b), allowing the fines to be carried away by the 
streamflow. This excavation would be accomplished during 
reservoir filling. During filling there will be a 
reduction of the suspended sediment load and flood peaks 
(Chapter 2), which will be beneficial in maintaining 
these areas after cleaning. A higher flow released for 
one week during the spring waul d assist in removing the 
fines from these areas. 

In other areas where the above technique would not work, 
a mobile gravel cleaning machine could be required to 
remove silts and sands from the substrates. 11 Gravel 
Gertie11 developed by Washington State University may be 
suitable for use on slough substrate. The 11 Gravel 
Gertie 11 is a mobile gravel cleaner that uses high velo
city water jets to flush and then collect the silts from 
gravels for disposal (Mih 1980). Silts and sands removed 
from the gravels could be discharged into the mainstem 
river or disposed of on land. Habitat improvement acti
vities on side channels would be conducted in a down
stream sequence to reduce the chance of sedimentation of 
fines from upstream sites impacting downstream sites. 

Side channels and mainstem sites may have suitable hy
draulic conditions for spawning under project operation, 
but the streambed may not have substrate of appropriate 
particle size for spawning. The addition of gravels may 
be requi ed to create spaw.ni ng habitat. Under project 
operation, the peak flow events will be significantly 
reduced in the reach from Ta 1 keetna to De vi 1 Canyon 
(Chapter 2). Thus, gravels could be placed in the side 
channels and mainstem to create stable spawning habitat 
(Figure 3.10). 

Adding appropriately sized gravel to side channels will 
probably be more effective for pink, chinook and possibly 
sockeye than for chum. Spawning chum salmon apparently 
select areas with upwelling ground water. Cleaning and 
supplementing spawning gravel cannot be implemented until 
reservoir fi 11 i ng. Material added to the mai nstem and 
many of the side channels prior to the cantrall of flow 
would be quickly redistributed during summer floods. A 
survey of candidate areas is being conducted to identify 
potential sites. 
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The size of a spawning bed and amount of spawning gravel 
needed would be determined by physical conditions at each 
selected site. A pilot project w"ill be undertaken prior 
to full scale implementation. 

Habit at enhancement as described above waul d provide a 
spawning channel similar to that illustrated in Figure 
E.3.11 which depends on the natural flows at the channel 
site. 

If alternative mitigation schemes prove to be unfeasible, 
a hatchery could be developed. 

Mitigation of Downstream Impacts Associated 
With Altered Water Temperature Regime 

- Impact Issue 

The creation of Watana and Devil Canyon reservoirs would 
change the downstream temperature regime of the Susitna 
River. Reservoirs act as heat sinks, generally reducing 
the annual variability and the rate of change in water 
temperatures by moderating summer and winter temperatures 
and introducing a time lag. The magnitude of change in 
the thermal regime downstream depends on the thermal 
stratification of the reservoir and the design of the 
power intake and release structures. 

Some seasonal stratification is expected to occur in 
Watana Reservoir (Figure E2.91). Reservoir thermal 
modelling indicates that surface water temperatures may 
reach 10 oc by August 1 and that the top 100 ft. of the 
water column will range between 8-9°C (Chapter 2). 

The water temperatures downstream of the dam are set in 
part by the elevation of the intake structures, which in
turn determine the temperature of the .water drawn from 
the reservoir. Since growth rate in mJy aquatic organ
; sms is temperature-dependent, changes , · the thermal 
regime can have profound impacts on aq, ic communities. 
Potential adverse effects of higher w·:, ter temperatures 
include acceleration of incubation and jarly emergence of 
salmonid embryos and benthic invertebrjtes. The impact 
of lower summer temp.eratures includeiJ···.·.,.'.slower gr.owth of 
invertebrates, juvenile anadromous ar~J resident fish. 
The 1 ag effect may cause delayed sprtJng spawning acti
vity. Changes in the thermal characte'f' and its effects 
will decrease downstream as tributaries' contribute to the 
flow and as the temperature regime approaches an equili
brium state. The impacts related to the thermal changes 
are expected to be confined to the Talkeetna to Devil 
Canyon Reach. 
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- Measures to Avoid Impacts 

The only mitigative alternative that would completely 
avoid temperature changes downstream of the project is 
the No Project alternative. Hydroelectric project in
volving reservoir storage dams will alter the natural 
temperature regime. 

- Measures to Minimize Impacts 

• Water Temperatrues during Filling Watana Reservoir 

Summer water temperatures during the second year of 
filling Watana Reservoir are expected to range from 5 
to 6oC in the reach above Talkeetna. The diversion 
tunnel functions as a low-level release and affords no 
temperature control. Water wi 11 be pulled from depths 
greater than 425 ft where water temperatures are ex
pected to be near 4°C. The low water temperatures are 
expected to adversely affect adult salmon, and resident 
and juvenile fish. Adult salmon may avoid the Susitna 
River above Talkeetna and juvenile anadromous and 
resident fish may be d i sp 1 aced to warmer areas or be 
subjected to reduced growth. 

Adverse impacts associated with filling Watana Reser
voir could be mitigated by providng a temperature con
trol structure. A low-level portal could be installed 
in the multiple 1 evel out 1 et structure proposed for 
project operation. The additional portal would allow 
withdrawal of warmer water from the upper layer of the 
reservoir during the second year of filling. With the 
addition of the fifth portal, summer temperatures under 
both filling and operation are expected to be near pre
project levels (8 to 10°C) . 

• Water Temperatures During Operation 
f Watana Reservoir 

he impacts associated with alteration of the tempera-
• ure regime during reservoir operation can be minimized 

incorporating multiple level gates in the power 
take. Multiple level intakes have been successful in 
eventing temperature regulation by the selection of 

:scharge water from various depths (Nelson, Horak, and 
son 1978). 

, e success of a multiple-level intake depends on the 
hermal structure of the reservoir, the existence of 

sufficient water at the desired temperature and loca
tion within the reservoir and intake ports located at 
the desired elevations. In the summer months, 

E-3-137 

-

-

~I 

~' 

-



,~_ 

-

-

-

-
-

-

preproject temperatures range. from 8-12oC in the 
Talkeetna to Devil Canyon reach. Temperatures near this 
range may exist in the top 100 feet of the reservoir 
(Chapter 2). If this layer is present, it can be 
accessed by the multiple-level intake gates, and impacts 
could be essentially avoided during the summer. 

During the winter months, temperatures in the mainstem 
are near OoC in the Talkeetna to Devil Canyon reach. 
Water temperatures near 2oC are 1 ikely to occur in Watana 
Reservoir to a depth of 100 feet. Water temperatures of 
2°C released from Watana Dam are expected to cool to near 
OoC by RM 148 just below Devil Canyon. 

- Measures to Rectify Impacts 

The most significant adverse impact associated with the 
altered thermal regime waul d be acce 1 era ted incubation 
and early emergence of salmon fry. The major concerns 
are related to the potential lack of food items in late 
winter/early spring and the colder temperatures en
countered in the lower river and Cook Inlet. The modi
fied sl aug hs or spawning channels designed to rectify 
or compensate for lost spawning and incubating habitat 
will be provided with a rearing pond at their down
stream end. These rearing ponds will be used to 
collect the early emergents and hold them to prevent 
their downstream migration into colder water. Fry will 
be maintained in these rearing areas unt i 1 appropriate 
conditions,· including temperatures, are reached in 
downstream habitats. Fry emerging from other spawning 
habitats would not benefit from these facilities. 

(iii) Mitigation of Inundation Impacts On 
Mainstem and Tributary Habitats 

- Impact Issue 

The Watana Reservoir will inundate those portions of the 
Susitna River and its tributaries between Elevation 1480 
and 2185 feet ... This corresponds to a loss of 54 mi of 
mainstem habitat and approximately 28 mi of tributary 
habitat. In 1981, the Arctic grayling population in the 
impoundment area was estimated to be approximately 10,000 
grayling greater than 6 inches (ADF&G 1982a). This popu
lation uses the clearwater tributaries as spawning and 
rearing habitat and the tributaries .and Susitna River 
main stem as overwintering habitat. ''·;:; •. GQl;l~.,inui ng studies 
are being conducted to measure the amounf''~ff'f spawning and 
rearing habit at that wi 11 be inundated and assess poten
tial alternative habit at above the impoundment area that 
will be made available by raising the water level. Over
wintering habitat wi 11 increase under the proposed 
project. 
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A major project impact will be the loss of grayling 
spawning habitat in the tributaries. During the spawning 
period the water level in the impoundment will be at its 
lowest level, with average annual drawdown at 105 feet. 
This substrate will subsequently be inundated by the 
rising reservoir water as the impoundment fills. Ifthe 
grayling spawn in areas that are inundated prior to the 
hatching, the embryos will likely be covered with silt 
and suffocate. The significance of this loss to the 
post-project grayling population will depend on the pro
portion of grayling spawning within the portion of the 
draw-down zone that will be inundated prior to hatching. 

- Measures to Avoid Impacts 

The only mitigation alternative that will avoid impound
ment impacts for the proposed project is the No Project 
alternative. 

- Measures to Minimize Impacts 

Mitigation measure that would substantially m1n1m1ze 
impoundment impacts would be to substantially lower the 
surface elevation of the reservoiror to maintain surface 
level during the incubation period. Neither measure 
would be feasible. 

-Measures to Rectify Impacts 

Since the impoundment is essentially a permanent impact, 
rectification measures are not feasible. Rectifying 
measures, such as providing replacement grayling spawning 
habitat within the impoundment are not considered feas
ible because of the timing and magnitude of the drawdown 
eye le. 

- Reduction of Impacts 

Impacts cannot be reduced over time since no effective 
mitigation measures have been identified. 

- Compensation For Impacts 

Since effective mitigative measures to avoid, m1n1m1ze, 
rectify or reduce impacts to the grayling population in 
the impoundment area are not available, it will bene-

sate for the 1 ass of these grayling. 

e- grayling can be · 
n 1 akes in the project area that are present 1 y 

devoid of fish. Lakes will be chosen that contain suit
able grayling habitat. The number of grayling to be 
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planted and number of 1 akes to receive· grayling wi 11 be 
determined based on th~ carrying capacity of the selected 
lakes. Sufficient grayling will be planted such the num
ber of catchable grayling will be similar to that number 
lost. If suitable habitat does not exist in the vicinity 
of the impoundment to support the humber of 1 ost gray
ling, suitable areas outside the project area will be 
selected for stocking grayling. The lakes to be stocked 
will be selected in consultation with ADF&G, USFWS, and 
BLM. Preference will be given to areas near the project 
area that currently support high levels of harvest 
pressure. 

Mitigation of Downstream Impacts Associated 
with Nitrogen Supersaturation 

- Impact Issue 

Nitrogen supersaturation in outflow waters has caused 
significant fish mortalities from gas bubble disease. 
Water passing over a high spillway into a deep plunge 
pool entrains air. Nitrogen passes into solution at 
depth and a state of supersturation exists when the water 
returns to the surface causing supersaturation. The 
degree to which this occurs depends on the depth of the 
plunge pool, height of the spillway, amount of water 
being spi 11 ed, and downstream turbulence. Supersaturated 
water is unstable and over time will return to equi
librium levels if exposed to the air. However, travel 
time downstream during high flow periods can be fairly 
short, causing supersaturation to extend considerable 
distances downstream. 

- Measures to Avoid Impacts 

Gas supersaturation will be avoided by including fixed
cone valves in the outlet facilities. These valves, in 
combination with the powerhouse flows, will discharge all 
flood flows up to the 1 in 50 year flood without causing 
supersaturation. A prototype test of Howell-Bunger 
valves showed them to be effective in preventing gas 
supersaturation (Ecological Analysts Inc. 1982). 

- Measures to Minimize Impacts 

The likelihood of creating gas supersaturation downstream 
from the dam can bereduced byminimizing.release through 
·reservoir rrranagement. Re_l eases oc.cur ·when the reservoir 
is full and inflow exceeds outflow. By holding the 
reservoir below full pool for most of the year flood 
control capacity would be increased, thus, decreasing the 
probability of spills. However, the reservoir must reach 
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maximum storage 1 evel by September 30 to meet winter 
power demands. Storms do occur in the Susitna drainage 
that may require release of water; however, the struc
tures and operation criteria have been designed to mini
mize releases and spills. 

Spill age deflectors have been successful in reducing 
supersaturation in the Columbia basin (Nelson, Horak and 
Olson 1976). These deflectors consist of concrete sills 
placed near the base of the spi 11 way that def1 ect the 
flow horizontally into the stilling basin, thus prevent
ing air entrainment and plunging action. 

(c) Cumulative Effectiveness of Mitigations 

(i) Construction Mitigation 

Through proper siting and designing of project facilities, 
appropriate construction practices and carefully scheduling 
activities as discussed in Section 2.4(a), it will be pos
sible to minimize adverse impacts to aquatic habitats re
sulting from project construction. The indirect impacts 
caused by increased access to harvestabl e fish populations 
can be minimized during construction by restricting per
sonal vehicle use in the project area during construction, 
by providing workers with alternate recreational opportuni
ties, and by supporting such harvest regulations as the 
Board of Fisheri~s imposes. 

Aquatic h'abitat will be altered by removing gravel from the 
floodplain. These impacts will be rectified by rehabil i
tation practices discussed in Section 2.4(a). Where desir
able, residual habitat loss can be compensated by stocking 
fish in gravel pits that have been rehabilitated to support 
desired species. At the sites to receive compensation, the 
level of compensation and selection of desired species will 
be determined on a site-specific basis in consultation with 
ADF&G, USFWS, and BLM. 

Fuel spills and road run-off will decrease water quality in 
streams down hi 11 from project roads. These impacts wi 11 be 
reduced over time by having a properly trained and equipped 
spill response team at the construction site. 

The construction monitoring team will identify areas where 
remedial actions, such as repair, realignment or redesign, 
are needed. 
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(ii} Operation Mitigation 

- Mitigations of Access and Impoundment Impacts 

The primary program designed to mitigate residual impacts 
of the access road and reservoir is to compensate for 
these losses by artifically propagating grayling and 
introducing these grayling into suitable project and 
non-project area waters. The target number of grayling 
to be produced will be equivalent to the number lost in 
the impoundment and an additional increment to compensate 
for residual access road impacts. The primary areas con
sidered for planting are project-area lakes and abandoned 
borrow pits that are capable of supporting grayling. 

Where feasible, access will be provided to these stocked 
areas to divert harvest pressure from adjacent natura 1 . 
populations. Additional artifically produced grayling 
can be introduced into project-area streams if natural 
population~ become depleted and population enhancement is 
deemed to be desirable by the ADF&G. If the carrying 
capacity of project-area enhancement sites is exceeded by 
the number of grayling avai 1 ab 1 e, the excess grayling 
will be made available for planting outside the project 
area. Final decisions on the distribution of residual 
grayling will be made in consultation with ADF&G, USFWS, 
and BLM. 

Road access to the project area will result in increased 
resource use. Angling pressure could be controlled by 
the Board of Fisheries through harvest regulation includ
ing catch limits, restrictive capture techniques (e.g., 
fly fishing only and single hook), and adjustments in the 
open season. 

- Mitigation for Downstream Impacts 

The goal of the downstream mitigation program is to pro
vi de adequate habitat downstream from De vi 1 Canyon Dam 
that will minimize adverse impacts on fish resources. 
During the development of the mftigation program, volu
metric, temporal, physical and chemical needs of the 
anadromous fish resources between Talkeetna and Devil 
Canyon were evaluated. At this stage of mitigation 
development, the parameters were considered separately, 
however, continuing studies and modeling of the inter
relationships of these parameters will refine and quan
tify the mitigation program. 
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Several project features have been incorporated into the 
design to avoid or reduce impacts. Fixed-cone valves are 
to be installed in the outlet facilities to prevent gas 
supersaturation. The multiple level power intake gates 
will allow water to be withdrawn from various levels of 
the water column over the full drawdown range. This 
abi 1 i ty to withdraw water from various 1 eve 1 s wi 11 a 11 ow 
contra 1 over downstream temperatures during peri ads of 
stratification if suitable temperatures are available. 
Continuing reservoir thermal modeling will allow an 
evaluation of available water temperatures throughout the 
year so that a detailed release plan can be developed. 
The release plan will need to consider both water temper
ature and volume in order to minimize impacts. 

The project operational flows were developed with an 
intent to provide a maximum flow during the summer that 
would not substantially affect the project economics or 
energy production capabilities. These operational flows 
will alter the physical characteristics of the sloughs, 
thereby reducing ease of access and avai 1 able spawning 
area for adult salmon and increasing embryo mortality if 
the sloughs dewater or freeze after spawning is com
pleted. Fry that survive may not leave the sloughs if 
the migration stimulus, possibly a combination of a 
proper temperature and flow pattern, is eliminated. 

Since project operational flows cannot be provided to 
avoid all downstream impacts, while maintaining the 
desired level of power generation, certain rectifying and 
compensating measures are proposed. The primary rectify
ing measure is to modify natural slough habitats to main
tain natural salmon spawning and fry production. The 
slough modification process is composed of a series of 
steps to rectify the loss of natural slough habitat. 
These steps are: 

Selecting a site that retains ground water flow with 
suitable thermal characteristics under operational flow 
levels. The site selection process is evaluating a 
number of criteria to assess the potential for the site 
to provide sufficient ground water flow to maintain 
salmon embryos through the winter and allow properly 
timed development • 

. If groundwater flow cannot be naturally maintained, the 
site selection will consider areas where the ground 
water flow can be artificially maintained (see Figure 
E.3.11 for conceptual plan). 
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Providing an upstream control works that will prevent 
the river from entering the modified slough except at 
extreme high flood flows. This control maintains the 
integrity of the spawning gravels and reduces main
tenance costs (see Figure E.3.9 for conceptual plan) . 

. Providing a series of removable low-level flow control 
structures. These structures provide the water depth 
needed for free access and passage of adult salmon in 
the slough and provide the proper water depth for 
spawning (See Figure E.3.9 for conceptual plan) . 

. Provide a fry rearing and removal area. The fry rear
; ng area is at the downstream end of the s 1 ough and 
concentrates the fry for rearing. The depth of water 
would be gradually increased as the fry rear. The fry 
will be fed if natural food production is insufficient 
to support the number of fry present. At the desired 
release time, the river stage, and depth of water in 
the slough, will be raised to a desired level, the 
control works opened, and the fry allowed to outmigrate 
with the receding flow level. If necessary, the up
stream contro 1 works could be opened to encourage fry 
to vacate the slough (See Figure E.3.9 for conceptual 
p 1 an) . 

During the summer, the modified slough will be managed 
to provide rearing habitat for juvenile anadromous and 
resident species that presently utilize slough habi
tats. 

The size of a modified slough depends on natural site 
characteristics, such as groundwater flow rates and size 
of natural features (i.e., adjacent islands). The number 
of sloughs modified will depend on the desired level of 
production. 

In addition to slough modification, mainstem spawning 
beds will be provided as a compensation measure (see 
Figure E.3.10 for conceptual plan). Additional ma·instem 
and side channel spawning areas will be provided by 
scarifying or cleaning compacted gravels. 
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3 - BOTANICAL RESOURCES 

3.1 - Introduction 

(a) Regional Botanical Setting 

Botanical resources potentially affected by the Susitna Hydro
electric project include those in the upper Susitna River Basin 
(above Devil Canyon), in the downstream floodplain below Devil 
Canyon, in transmission corridors from Willow to Anchorage and 
from Healy to Fairbanks, from Watana to the intertie, and in the 
intertie corridor from Willow to Healy. Recent studies conducted 
in the upper Susitna River drainage, in the floodplain of the 
Susitna River downstream of Devil Canyon to Talkeetna, and in the 
transmission corridors describe vegetation of the region 
(McKendrick et al. 1982, Commonwealth Assoc. 1982). Unless other
wise cited, the descriptions that follow are from McKendrick et 
a l. ( 1982). 

The Susitna River system drains parts of the Alaska Range to the 
north and parts of the Ta 1 keetna Mountains to the south. The 
vegetation communities of the region are typical of those covering 
vast areas of Alaska and northern Canada. They include forest and 
shrub communities on stream floodplains, conifer and deciduous 
forests on canyon slopes adjacent to the floodplains, shrub and 
conifer stands and tundra on benches above the canyon slopes, and 
tundra at higher elevations. 

The floodplain downstream of Devil Canyon is nearly flat. Its 
predominate vegetation co11111unities are open and closed balsam pop
lar stands; closed tall shrubland is important to a lesser extent. 
Further upstream, spruce replaces poplar in the floodplain over
story, and low shrubs become more common in the understory. 

Along the east-west reaches of the river, steep canyon slopes and 
some adjacent areas are covered with closed spruce-hardwood forest 
(Viereck and Dyrness 1980). This type of vegetation is most 
common along rivers in the southcentral and interior regions of 
the state. 

The southeast portion of the upper Susitna watershed has extensive 
flat areas covered by low shrubland and woodland conifer communi
ties. The extensive flats in the lower Oshetna River and Lake 
Louise areas are spruce woodland (Viereck and Dyrness 1980). 

The benches bordering the east-west portion of the river, and the 
area around the Maclaren River, are moist tundra. This type in
cludes herbaceous meadows as we 11 as shrub-dominated sites, both 
of which occur elsewhere in Alaska around the Brooks Range, on the 
Seward Peninsula, and near the Killuck Mountains. 
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The vegetation along the lower mountains and the lower slopes of 
the higher mountains is classified as alpine tundra by Viereck and 
Dyrness (1980). Some areas mapped as rock have pioneering species 
growing in crevices, but the plants provided negligible ground 
cover. This rock habitat is common on mountains throughout 
Alaska. Permanent snowfields and glaciers are found in higher' 
regions of the watershed in the Alaska Range. 

Each of the transmission corridors crosses several vegetation 
types. The Healy-to-Fairbanks transmission corridor includes 
ridges, wet flatland, and rolling hills with areas of open spruce, 
open deciduous, mixed forest, shrubl ands and wet tundra. The 
Wi 11 ow-to-Anchorage transmission corri dar passes through c 1 a sed 
birch forest, mixed conifer-deciduous forest, wet sedge grass 
marshes, and open and closed spruce stands. The Willow-to-Healy 
transmission traverses a wide variety of vegetation types, from 
closed spruce-hardwood forests in the south to tundra and shrub-
1 and in the north. 

(b) F 1 oris tics 

The following floristics data are summarized from McKendrick et 
a1. (1982) and Commonwealth Assoc. (1982), where further details 
may be found. 

(i) General 

In the region including the upper Susitna River Basin, the 
downstream floodplain, and the intertie corridor, 295 
vascular plant species, 151 genera, and 57 families have 
been i dent i fi ed (McKendrick et a l. 1982) (Table E. 3. W1). 
These workers found two hundred fifty-five species in the 
upper basin but only 76 downstream. Fifty-four species 
were found both upstream and downstream. (The downstream 
flora is predominantly a subset of the upper basin flora.) 

The plant families in the upper basin having the most 
species are Compos i tae (Asteraceae), Sal i caceae, Rosaceae, 
Gramineae (Poaceae), Cyperaceae, and Ericaceae. Within the 
non-vascular flora 11 genera of lichens (including at least 
12 species) and seven taxa of mosses were identified in 
these areas. 

In the transmission corridor from Willow to Healy, 
McKendrick et al. (1982) identified 128 species of vascular 
p 1 ants. (Most of these species were a 1 so found in the 
upper Susitna River basin.) Eighteen species were found 
only in the corridor. No floristics work had been done in 
the Willow-to-Cook Inlet or Healy-to-Fairbanks transmission 
corridors. 
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( i i) Range Extensions 

McKendrick et al. (1982) found twenty-two vascular plant 
species in the upper Susitna River basin and 9 in the 
floodplain downstream of Devil Canyon which were outside 
their reported ranges (see Hulten 1968) (Table E.3.W2), but 
note that the upper Susitna River drainage is not well
represented in existing plant collections, and that range 
extensions may be expected from any new botanical surveys 
in the area. 

I 

Two species found in the upper basin Senecio 
she ldonensi s ·and Danthoni a i ntermedi a -- represent appre
ciable range extensions. S. sheldonensis had not pre
viously been officially reported in the state except 
possi b 1 y in the Skagway area. D. i ntermedi a had been 
reported only in locations near upper Cook Inlet and near 
Skagway (Hulten 1968). 

McKendrick et al. (1982) found the specimen of S. 
sheldonensis in a mesic midgrass community in. August near 
upper Portage Creek. Its identity has not yet been 
verified. They found Danthonia intermedia in August in the 
grass portion of a mosaic · of 1 ow birch and grass com
munities in the low shrub areas between the Maclaren River 
and the Denali Highway. 

There_ are two other p 1 ant occurences of note reported by 
McKendrick et aL (1982). Potamaseton robbinsi i, a sub- . 
merged rooted aquatic, was found· 1 n Watana Lake. There 
have been limited collections of this species in Alaska. 
Hulten (1968) reported it from Summit village south of 
Healy and Welsh (1974) indicated that it is known from 
southcentral Alaska, but is evidently rare. Picea mariana, 
one of the most common trees found by McKendrick et al. 
(1982) in the upper Susitna Basin, has been reported by 
Hulten (1968) to be in areas north and south of the upper 
Susitna River drainage, but not in the drainage. Viereck 
and Little (1972), however, did include the Susitna 
drainage in their distribution map of this plant. 

Most other range extensions reported by McKendrick et a 1. 
(1982) in the upper basin are less noteworthy. Most are 
extensions to the north (more inland) from their previous 
observations. For example, Platanthera dilatata had 
previously been fo1.,1nd only near the coast in Alaska. 
Plat ant hera hyperborea. and Myrica ~. extensions inc 1 ude 
sites between areas that were prev~y included in their 
ranges. Potentilla biflora and Pedicularis kanei Durand 
kanei extens1 ons were south of the1 r prev1 ous 1 y reported 
ranges. 
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In the downstream floodplain, McKendrick et al. (1982) 
found nine species outside their ranges as reported by 
Hulten (1968) (Table E.3.W2). One of these, raspberry 
(Rubus i daeus), though not reported to extend into the 
region by Hulten (1968), was reported by Viereck and Little 
(1972) to occur there. Devil's club (Echinopanax horridum) 
represents a slight range extension upriver. Small-fruit 
bullrush (Scirpus microcarpus) had been found only in four 
areas outside southeast Alaska. A specimen which appeared 
to be Arnica chamissonis (needs to be verified) represented 
a 1 arge extension from the Alaska Peninsula and southeast 
A 1 ask a. The presence of enchanter's nightshade (Ci rcaea 
alpina) was an extension inland from the coastal regions. 
Sweet-scented bedstraw (Galium triflorum) and thinleaf 
alder were minor extensions and baneberry (Actaea rubra) 
and northern blackcurrant (Ribes hudsonianum) were 
extensions from the surrounding areas into the basin. 

It shou 1 d be re-emphasized that many of the range ext en
s ions reported above are merely the result of more i nten
sive botanical collections by McKendrick et al. (1982) than 
had been made previously, and do not represent plants 
growing in unexpected environments. 

(c) Threatened or Endangered Species 

At present, no plant species are officially listed for Alaska by 
Federal or state authorities as endangered or threatened; however, 
37 species are currently under review by the U.S. Fish and Wild
life Service (USDI 1980b) for possible protection under the 
Endangered Species Act of 1973. Murray (1980) discusses the habi
tats, distributions, and key traits of most of these species. 
Searches for these species have recently been made in two areas -
the upper Susitna River basin (McKendrick et al. 1982) and the 
intertie transmission corridor between Willow and Healy (Common
wealth Assoc. 1982). 

(i) Upper Susitna River Basin 

Table E.3.W3 contains the plants in Murray• s (1980) 1 ist 
believed most likely to occur in the Susitna River drainage 
and in the landscape to be modified by the construction of 
the proposed dams and associated facilities. McKendrick et 
al. (1982) and/or Commonwealth Assoc. (1982) searched for 
these in the following areas of the upper Susitna basin: 
1) alpine areas near the Susinta and West Fork Glaciers; 
2) lowlands of the upper basin, including Maclaren and 
Tyone Rivers and associated ridges, terraces, and 
periglacial features; 3) calcareous outcrops and 
promontories along the Susitna River near Watana Creek and 
Kosina Creek; 4) alternative access routes in the upper 
basin; and 5) Borrow Site A. Aerial and ground 
reconnaissance were made in summer in these areas by three 
to four botanists and agronomists. 
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Well-drained rocky or scree slopes were searched in alpine 
areas in the upper drainage basin in the steep valleys 
adjacent to the Susitna and West Fork Glaciers. None of 
the species under review was found. 

Well-drained, sandy and gravely ridges and terraces in 
lowlands in the upper drainage basin were searched. Shores 
of lakes and ox-bow ponds, and peri-glacial features were 
commonly examined. A trip was made downstream as far as 
Devil Canyon and two large gravel bars within the riverbed 
were surveyed. None of the species under review were found 
in these lowland surveys. 

Several of the species being sought were known calciphiles 
(plants that habitually grow on calcareous soils). Three 
calcareous areas were found. One was on the northwest 
flank of Mt. Watana at about 1128 m in elevation, one was 
on the south side of the Susitna River immediately east of 
its confluence with Kosina Creek, and the third was on the 
north side of the Susitna River about 7 km west of Watana 
Creek. Calciphilic plants were found on two of these 
sites, but none of those found were in the threatened or 
endangered categories. 

Three sites judged by substrate characteri sties to poten
tially support rare plants were searched along the proposed 
northern access route. One site was a sandy blowout area 
on the northwest side of Deadman Mountain; one was a series 
of dry ridges (probably glacial moraines or terraces) on 
the south side of Deadman Mountain; and one was an area of 
windblown ridges on the east side of Deadman Mountain. No 
threatened or endangered species were found at any of these 
sites, nor a 1 ong any of the other proposed access 
corridors. 

The vegetation in the vicinity of Borrow Site A was sur
veyed in July 1981. No threatened or endangered species 
were found. 

Willow-to-Healy Intertie 

The Willow-to-Healy Intertie transmission corridor was 
checked for the presence of Smelowskia borealis var. 
vi llosa, Taraxacum carneocoloratum, Mont1 a bostoch1 i and 
[ysimachia ciliata. Geologic and topograph1c maps were 
used to pick out potential habitats for the species. 
Several habitats selected were checked, but none of the 
plants in questions was found (Commonwealth Assoc. 1982). 

Summary 

In summary, the upper Susitna River basin was surveyed in 
selected habitat sites for species under consideration for 
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threatened or endangered status. Access routes, Borrow 
Site A, and the Willow-Healy transmission corridor were 
a 1 so surveyed for the presence of these species. None of 
the species collected has been identified to be one of the 
1 i sted threatened and endangered species. 

No endangered species work has been conducted in the down
stream area or the transmission corridors from He a 1 y to 
Fairbanks and Wi 11 ow to Anchorage. The changes in water 
flow due to the project are judged unlikely to negatively 
affect any endangered species because none of them (Tab 1 e 
E.3.W3) is normally found on unstable, shifting river 
banks. 

{d) Contribution to Wildlife, Recreation, Subsistence and Commerce 

In the project area, the importance of botanical resources to 
people lie mainly in the contribution of plants to wildlife food 
and habitat, human recreational and subsistence use. Mitigation 
for losses of botanical resources wi 11 be concerned mainly with 
maintaining the existing potential of the botanical resources to 
support these uses. 

(i) Wildlife 

The structure and productivity of plant communities deter
mine the occurrence and abundance of most wildlife species. 
For example, the abundance of beavers depends on good sup
plies of selected plants (e.g. willow) near suitable water 
bodies. The population levels of moose and bears appear to 
depend on the annual productivity of selected plant species 
(e.g. willow, balsam poplar, berries). The species compo
sition and diversity of bird communities are strongly in
fluenced by the vertical structure and productivity of the 
vegetation. The utility of the vegetation to wildlife is 
discussed in greater detail in Section 4 (Wildlife). 

(ii) Recreation 

The structure of botanical communities in the Susitna pro
ject area directly influences the area's recreational 
potential. For example, hiking, skiing, horseback travel, 
and travel by off-road vehicles (ORV) is more difficult in 
some vegetative types than in others. Open terrain 
(tundra, open forests, etc.) is preferred for such travel. 

Scenic attractiveness is greatly influenced by vegetation 
community composition and distribution. Diversity in vege
tation structure across the landscape enhances the attrac
tiveness of the landscape to recreational users. The 
Susitna basin has an aesthetically pleasing interspersion 
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of vegetation types. The scenic composite is enhanced by 
color contrast, particularly in autumn when gold and russet 
deciduous leaves contrast to the dark green of spruce. 

The most important effects of vegetation on recreation may 
be indirect, in that wild game populations sought by 
hunters are more abundant in some vegetative types than in 
others. Hunting is an important recreational use of land 
in the Susitna project area, and hunters prefer to hunt 
where vegetation characteristics improve the ease of 
acquiring game. 

Subsistence 

The importance of vegetation to subsistence in the Susitna 
project area appears to be minimal because most of the area 
is relatively remote from human settlement. It is likely 
that the greatest influence of vegetation on subsistence 
is, as with recreational use, in its quality as habitat for 
game taken for subsistence use (caribou, moose, etc.). 

- Some subsistence berry picking is reported. 

-

-

-
-

( i v) Commerce 

Historically, there has been negligible use of plant 
resources at a commercia 1 1 eve 1 in the project area (see 
ADNR 1982:36). The forestry potential for most of the 
region is very low because stands of merchantable timber 
are not abundant and access is difficult. Areas within 
several km of the Susitna River itself are the only places 
forestry potential is considered high (ADNR 1982:37). 

3.2 - Baseline Description 

High-altitude (U-2) color infrared photographs, LANDSAT imagery, and 
subsequent ground-truthing were used by McKendrick et al. (198.2) to 
map the vegetation in the Susitna project area. These workers clas
sified vegetation according to the system presented by Viereck and 
Dyrness (1980). They mapped the entire Upper Susitna River Basin 
(Figure E.3.W1) at a scale of 1:250,000 and the transmission corridors 
and upper basin within 16 km of the Susitna River at a scale of 
1:63,360. They mapped areas in impoundments, within 0.8 km of 
impoundments, in the floodplain from Portage Creek to Talkeetna, and in 
borrow sites at a scale of 1:24,000. 

In each vegetation/habitat type in the Upper Susitna Basin and in the 
floodplain below Devil Canyon, measures of species composition and 
community structure were made by McKendrick et al. (1982). Data on 
elevation, slope, aspect and landform also were gathered to relate to 
species composition of the vegetation. 
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These authors estimated canopy cover of each plant species in each 
layer of vegetation. They defined 11 ground layer 11 to be all herbaceous 
species and woody species less than 0.5 m tall. The 11 Shrub 1 ayer 11 

included woody species taller than 0.5 m but less than 2.5 em dbh 
(diameter breast height). The 11 understory 1 ayer .. consisted of woody 
species between 2.5 em and 10.0 em dbh. 11 0verstory 11 vegetation con-
tained species larger than 10.0 em dbh. This classification scheme 

-

will be used herein to describe the vertical layering within plant ~ 

communities in the project area. 

(a) Watana Reservoir Area 

Forest, tundra, and shrubland are the basic vegetation types found 
in the Susitna River watershed above Watana Dam. Forest com
munities are defined as those with at 1 east 10% cover by tree 
species regardless of the trees• heights. Shrubland comunities 
have at 1 east 25% cover of erect to decumbent shrubs but are not 
located beyond the elevational limit of trees. Tundra stands are 
those communities above or beyond the elevational limit of trees 
and are dominated by shrub or herbaceous species. These plant 
communities are widespread throughout Alaska and northern Canada. 

The structure and distribution of vegetation types below tundra 
in this area are strongly influenced by past fires, evidenced by 
fire scars on the trees. Post-fire succession for black spruce 
stands typically proceeds from the i nit i a 1 herbaceous and shrubby 
stages to young black spruce stands to dense and finally decadent 
black spruce/moss communities (Van Cleve and Viereck 1981). Post
fire succession in white spruce stands includes the initial herb 
and tree seedling stage, the shrub-tree sapling stage, and the 
dense hardwood stage of aspen, birch, or a mixture of aspen and 
birch. From this point the stand proceeds through a mature 
hardwood-spruce seedling stage,' a mixed white spruce- hardwood 
stage, and finally a mature white spruce stage (Van Cleve and 
Viereck 1981). Most of the herbaceous, shrubby, deciduous, and 
mixed forest communities identified and described below may be 
successional stages in the process of transition to black or white 
spruce forest. 

Figure E.3.Wl illustrates the general overall distribution of 
vegetation in the upper Susitna River basin, and Table E.3.W4 
gives the percentages of cover by each type in the Watana 
Reservoir area. The principal types are spruce forests; tundra; 
t a 11 and 1 ow shrub 1 ands; herbaceous; unvegetated areas; and 
wetlands. 

( i) Forests 

Forest vegetation types are located at the lower elevations 
of the upper basin (Figure E.3.W1). The average elevation 
of forest areas sampled by McKendrick et al. (1982) was 523 
m. 
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Forests were divided into subtypes according to the domi
nant trees (conifer, deciduous, or mixed). "Deciduous" and 
"conifer" types had at least 75% of the tree cover provided 
by either deciduous or coniferous trees, respectively. 
"Mixed types" had lesser percentages of each. 

Each forest subtype was further classed as "woodlands," 
"open," or "clos~d," depending on percent tree canopy 
cover. The "woodland type" stands contained between 10% 
and 25% tree cover. "Open" stands contained 25% to 50% 
tree cover, and "closed" stands had over 50% tree cover. 

Forested communities in the Watana Reservoir area are simi-
1 ar to those described by Viereck ( 1975). Black spruce 
generally occurs in wetter sites than white spruce, and 
spruce occurs on colder sites than do deciduous or mixed 
forests. Deciduous and mixed forest stands are usually 
earlier successional stages of the conifer stands (Viereck 
1970, 1975; Hettinger and Janz 1974). Closed forests occur 
on warmer sites than do open forests. 

- Spruce Forest 

Spruce stands are dominated by either white spruce (Picea 
glauca) or black spruce (Picea mariana). These forests 
contain a well-developed ground layer with a high percent 
cover (Tables E.3.W5 - E.3.W8). The layering structure 
of black and white spruce stands is similar, except that 
white spruce stands usually have a greater overstory 
cover (Tables E.3.W6 and E.3.W7). 

A few cores of 1 arge trees taken by McKendrick et al. 
(1982) indicated that large white spruce ranged from 34 
to 78 years in age and large black spruce from 77 to 171 
years old. Several white spruce stands examined appeared 
to be recovering from past disturbance, perhaps fire; 
black spruce stands appeared less recently disturbed. 

Open spruce stands are usually found on slopes or flat
lands along the rivers at elevations averaging 487 m. 
The cover of the white spruce trees is concentrated in 
the overstor y 1 ayer, but most of the b 1 ack spruce tree 
cover is contained in the shrub layer (Tables E.3.W6 and 
E.3.W7). Canopy cover of the ground layer of vegetation 
in the open spruce forests normally exceeds that of the 
trees themselves. Black spruce stands contain low 
shrubs, such as crowberry (Empetrum nigrum), northern 
Labrador tea (Led urn decumbens), bog blueberry {Vacci ni urn 
uliginosum), and mountain cranberry (V. vitisidaea) in 
the ground layer. Prickly rose (Rosa acicularis) and 
b 1 uejoi nt (Ca 1 ama1rosti s canadensTs) are the most 
important ground ayer species 1n open white spruce 
stands (Tables E.3.W6 and E.3.W7). 
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Cover of feather mosses in open stands of both b 1 ack and 
white spruce approximates that of the trees. Low shrubs, 
such as crowberry, northern Labrador tea, bog blueberry, 
and mountain cranberry account for much of the woody 
ground layer. Important herbaceous species include blue
joint and horsetails (Equisetum spp.) (Tables E.3.W6 and 
E. 3. W7) • 

All woodland spruce stands surveyed by McKendrick et al. 
(1982) were black spruce. Unlike open spruce stands, 
woodland stands are composed of scattered, stuned trees, 
and the overstory is almost negligible (Table E.3.W8). 
This vegetation type is usually found on the relatively 
level benches where soils are poorly drained. The trees 
are usually too small to qualify for the overstory layer 
because trunks are <10 em dbh. In these woodland stands, 
sphagnum mosses, not feather mosses, are the most 
important cover species; important ground layer species 
include sedges (Carex spp.), woodland horsetail, and low 
shrubs similar to those found in the open spruce stands 
(Table E.3.W8). 

- Deciduous Forests 

McKendrick et al. {1982) found that balsam poplar 
(Populus balsamifera), paper birch (Betula papyrifera) 
and trembling aspen (Populus tremuloides) stands comprise 
the deciduous overstory vegetation of the Susitna basin. 
These stands usually have a greater overstory cover than 
spruce stands, because individual deciduous trees produce 
more foliage cover than do individual conifer trees. 
Deciduous forests are restricted mostly to the steep, 
often south-facing slopes and floodplain banks along the 
river (Figure E.3.W1). Elevations average 582 m, with 
closed stands occurring at average elevations of 560 m 
and open stands at 625 m. 

Deciduous forests have an especially well-developed 
ground layer. Important woody species in the ground 
layer include crowberry, northern Labrador tea, bog blue
berry, and mountain cranberry. Open stands appear to 
have more woody cover in the ground 1 ayer than do the 
closed stands, but closed stands have more herbaceous 
components. 

Balsam poplar is usually the first tree in the succes
sional stage of vegetation development on alluvial 
deposits. The balsam poplar trees provide about three
fourths cover in the overstory with relatively unimpor
tant understory and shrub layers (Table E.3.W9). 
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Closed paper birch stands occur on steep, usually south
facing slopes that have typically been subjected to 
recent disturbance as described by Hettinger and Janz 
(1974) for northeastern Alaska. The layer structure is 
similar to the closed balsam poplar stands -- about 
thre.e-fourths over story cover, a we 11-deve 1 oped ground 
layer, and relatively unimportant shrub and understory 
layers (Table E.3.Wl0). Frequently the overstory has a 
few scattered white spruce. 

Trembling aspen stands are few and are generally found on 
the upper portions of quickly draining, dry, south-facing 
slopes. The general structure is similar to other closed 
deciduous stands in that there are we 11-deve 1 oped 
overstory and ground 1 ayers, but poorly developed shrub 
and Ul')derstory layers (Table E.3.Wll). 

- Mixed Conifer-Deciduous Forest 

Work of McKendrick et al. (1982) shows that the mixed 
conifer-deciduous vegetation type has average overstory 
cover intermediate between that for spruce stands and 
that for deciduous stands. This forest type is typically 
dominated by white spruce and and paper birch~ 

Elevations for mixed conifer-deciduous forests average 
466 m, with closed stands having a mean elevation near 
425 m and open stands occurring around 482 m. Most of 
the 1 arger stands are found on slopes downstream from 
Tsusena Creek {Figure E.3.W1). These are successional 
stands which developed as spruce replaced deciduous 
trees. 

Cover in these vegetation/habitat types is almost com
plete, with a well-developed ground layer containing 
important amounts of bluejoint, bunchberry, woodla.nd 
horsetail, and Ptilium {Tables E.3.W12 and E.3.W13). 
Overstory cover in closed mixed stands is about 60% and 
that in open mixed stands is about 38%. The height of 
the overstory is sometimes up to 20 m. Dbh 1 s of 
individuals in these two-species overstories range from 
15 to 30 em. 

Cores from larger trees indicate that birch trees in 
mixed stands average about 90 years old or older. Rotten 
centers precluded accurate aging in older birch trees. 
White spruce ages range from 50 to 204 years with most 
trees older than 100 years. 

Plant species composition and abundance differs between 
open and closed stands. The shrub layer is more 
important in the relatively open stands, mostly because 
blueberry willow {Salix novae-angliae) is more abundant 
there than in closed stands. 
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(ii) Tundra 

Tundra communities usually occur above the present 1 imit of 
tree growth (Figure E.3.Wl). McKendrick et al. (1982) 
found most of the we 11-vegetated . communities to occur on 
flat to gently sloping areas. Sparser vegetation occurs on 
steep or rocky terrain. Although tundra species 
composition is highly variable, four distinct subtypes 
occur in areas 1 arge enough to map -- wet sedge~grass 

tundra, mesic sedge-grass tundra, herbaceous alpine tundra, 
and closed mat and cushion tundra. 

Wet sedge-grass tundra communities occur at an average 
elevation of 587 m in wet, depressed areas with poor drain
age. They have almost complete vegetation cover, with most 
species occurring in the ground layer, but up to 10% cover 
in erect shrubs (Table E.3.W14). The shrub layer, when 
present, contains cattered individual willows (Salix spp.). 
There is usually a large amount of organic matter in soils 
of wet sedge-grass communities, and sometimes a thick 
organic layer exists on top of mineral soil. 

Mesic sedge-grass tundra is prevalent at higher elevations 
(mean elevation = 1372 m) on rolling terrain with well
drained soils. The soils are well-developed in some areas, 
but in others the soi 1 is interspersed with rocks. Vege
tation cover is usually between 50 and 75% of the area 
(Table E.3.Wl5). All vegetation is in the ground layer and 
species are usually less than 30 em tall. 

Two types of herbaceous a 1 pine tundra are found in the 
Upper Susitna River Basin; a 1 though on 1 y one, herb- sedge, 
predominates in areas 1 arge enough to map. Herb- sedge 
communities appear at elevations of around 1295 m, near 
glaciers (particularly the West Fork Glacier) on gentle, 
fairly well-drained slopes with relative well-develoepd 
soils. Vegetation cover in this type is nearly 100 
percent. 

The other type of herbaceous a 1 pine community occurs in 
small, isolated rocky areas. Small forbs and sometimes 
shrubs grow in the pockets of mineral soil imbedded between 
the rocks. 

The fourth major type of tundra community is the mat and 
cushion tundra, found at high elevations (1013 m) on dry, 
windy ridges (Figure E.3.Wl). Vegetation covers about 75% 
of the area and is usually less than 20 to 30 em tall 
(Table E.3.Wl6). Lichens and low mat-forming shrubs are 
major constituents. Soils are shallow and coarse. 
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(iii) Shrubland 

Shrubland vegetation types are the most prevalent upland 
vegetation types in the upper Susitna River basin. 
Including approximately 65 plant species, shrublands gener
ally occupy areas at higher elevations, than forest com
munities, but at lower elevations than tundra types. 

- Tall Shrub Types 

Tall shrub communities are dominated by Sitka alder 
(Aldus sinuata or Alnus crispa var. sinuata) and are 
found mostly on steep slopes above the r1ver or sometimes 
above the flat benches at an average elevation of 573 m 
(Figure E .3. W1). Many of these stands are 2 to 4 m in 
height. Approximately 25 species have been identified in 
the alrler stands. 

Alder stands frequently occur as stringers through other 
vegetation types along the slopes by the river. Fre
quent 1 y a 1 der exists as a ring around a mountain at a 
certain elevation or in a strip along a river drainage, 
as at Portage Creek. The closed stands have almost 
camp lete vegetation cover; the ground 1 ayer and under
story account for most of the cover (Table E.3.W17). 

- Low Shrub Types 

Low shrub vegetation is common in the upper Susitna River 
basin. Communities are found on the extensive, rela
tively flat benches (mean elevation= 781 m), where soils 
are frequently wet and gleyed, but usually without 
standing water. Community dominants are usually 1.0 to 
1.5 m tall. The type is dominated by birch and willow 
(Tables E~3.W18 and E.3.W19). 

Birch shrub stands are usually dominated by resin birch 
(Betula glandulosa). The most important associated 
spec1es in these stands is bog blueberry. Mosses and 
lichens also contribute to plant cover~ In some stands, 
there is a buildup of soil and debris around the bases of 
each birch shrub clump, creating a large amount of micro
relief. Sometimes the stands are dense, like a thicket; 
others stands have large openings between individual 
shrubs. Scattered black spruce contribute almost 10% 
cover in some stands. 

Willow stands are usually in wetter areas than are birch 
shrub stands. Diamondleaf willow (Salix planifolia 
subsp. pu 1 chra) dominates some stands forming thickets 
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along small streams at high elevations. Because of the 
wetness, these communities are usually less botanically 
diverse than birch shrub stands. Willows frequently have 
soil and debris built up at the bases of the stems, with 
standing or running water in the troughs. 

Species associated with willow stands in the Susitna 
basin are similar in some cases to those noted by Hanson 
(1953) in northwestern Alaska, by Hettinger and Janz 
(1974) in northeastern Alaska, and by Viereck (1966) near 
f~uldrow Glacier. 'Northern Labrador tea and bog blueberry 
are common. 

( i v) Herbaceous 

Two herbaceous community types are found in the upper 
basin. Grasslands dominated by bluejoint are present on 
level to sloping areas at lower elevations along the river 
and along the Portage Creek drainage (Figure E.3.W1). 
Herbaceous pioneer communities are present on recently 
vegetated gravel and sand bars where soils have little 
organic matter and often consist of many cobbles. 

(v) Unvegetated Areas 

Three classes of unveget ated area are depicted on the maps 
by McKendrick et al. (1982) (Figure E.3.Wl) --water, rock, 
and snow and ice. Lakes and streams are inc 1 uded in the 
water category. Lakes are generally found along flat 
benches and range in size from small ponds to large lakes 
such as Big Lake (approximately 450 ha). Rock is bedrock 
or deposited geologic materials supporting little or no 
vascular vegetation. Rocks occur as outcroppings at high 
elevations, as steep cliffs along the river, or as 
unconsolidated gravel in newly deposited river bars. Snow 
and ice include permanent snowfields and glaciers; these 
are most common at the northern end of the study area in 
the Alaska Range, and some occur near the sourthern 
boundary in the Talkeetna Mountains. 

(vi) Wet 1 ands 

A summary of the dominant aquatic species and factors 
influencing their location in and around many of the water 
bodies in the Upper Susitna Basin is presented in Figure 
E.3.W2. Bur reed and yellow pond lily probably contribute 
more to total cover than do all other species combined. 
Yellow pond lily, a submerged species with large floating 
leaves, is particularly prominent and fonns vast beds in 
several water bodies. It is absent along the edges of 
ponds but appears to grow best at depths ranging from 0.6 
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to 2.1 m, frequently forming a band around ponds and lakes 
between the shallows and deep water. Bur reed, in con
trast, frequently dominates the shallows of the ponds from 
0.15 to 0.60 m in depth. Horsetail, mare•s tail, and 
bladderwort are also common in these shallows. Horsetail 
i s common on rocky bottoms where 1 itt 1 e other vegetation 
occurs. Bladderwort appears prominent in shallows having a 
mud bottom or a bottom of organic matter. 

Along the edges of water bodies, sedges probably contribute 
more to tot a 1 cover than a 11 other edge species combined. 
It is the prevalent species of the pond shallows, along the 
pond periphery, and a 1 so on floating mats when they are 
present. 

Watana Lake is unique in that is is dominated by pondweed 
(Potamogeton robbinsii), a submerged rooted aquatic species 
that grows in water from about 1.2 to 2.4 m in depth. The 
reason for the lack of other vascular plants in Watana Lake 
and the presence of Potamogeton robbins i i is not under
stood. (See 3.1(b)(ii) - Range Extension for further 
discussion of this plant.) 

Lakes and ponds with gently s 1 oping substrates have more 
aquatic plants, both submerged and emergent; than do water 
bodies with steeply sloping substrates; but above 945 m in 
elevation, there is usually sparse aquatic vegetation cover 
regardless of the substrate morphology. Rocky bottoms sup
port less aquatic vegetation than do mud or sand bottoms. 

Floating mats of vegetation are sometimes a part of the 
associated emergent wet 1 and. These mats are dominated by 
sedge, sphagnum moss, and common bank species. 

Wetlands cover large portions of the Upper Susitna River 
Basin, including riparian zones, ponds and lakes on upland 
plateaus, and wet tundra. Wetland areas of particular 
importance in the project area include Upper Brushkana 
Creek, Upper Deadman Creek, the area betwee Lower Deadman 
Creek and Tsusena Creek, the Fog Lakes area, the Stephan 
Lake area, Swimming Bear Lake, and Jack Long. Creek. Lakes 
and ponds have been surveyed and their vegetation char
acterized. Further studies are being conducted on the 
classification and mapping of wetlands. 

Devil Canyon Reservoir Area 

All of th~ vegetation types found in the Watana reservoir area are 
also found in the Devi 1 Canyon reservoir area. The Devil Canyon 
area has been mapped and described byMcKendrick et al. (1982). 
Table E.3.W20 gives the percentage of cover for each community 
type in the Devil Canyon reservoir area. Figure E.3.Wl 
illustrates the spatial distribution of the vegetation types. 

Conifer forests (3.8% of the reservoir area) are less common in 
the Devil Canyon reservoir area than in the Watana reservoir area. 
They are found mainly on the north-facing slopes of the canyon and 
on some of the adjacent benches. 
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Deciduous (mostly birch) and mixed conifer-deciduous forests cover 
the south-facing slopes of the canyon and both sides of the canyon 
below Devil Creek~ extending up into the valleys of Portage Creek 
and Indian River. Balsam poplar stands~ found on the floodplain, 
cover 18% of the Devil Canyon reservoir area. 

Tundra vegetation occupies a large portion (41%) of the Devil 
Canyon reservoir area. Mountains north and south of the river 
rise sharply to hundreds of meters above river level. The upper 
areas of these mountains (over 975 m) are covered with mat and 
cushion/sedge grass vegetation. 

Shrubland is found on 28% of the reservoir area. Open tall shrub
land is found at elevations intermediate between forests and tun
dra. Birch and willow shrub are found on some of the upper 
benches. 

Grasslands are found along Portage Creek and in the Susitna River 
floodplain (Figure E.3.Wl). Rock, water and ice cover 9% of the 
reservoir area. There is much less wetland area in the impound
ment area of the Devi 1 Canyon Dam than in the Watana impoundment. 
For more detailed descriptions of the vegetation community types, 
percent cover, and vertical distribution of plant species, refer 
to Sections 3.2(a)(i-vi). 

(c) Talkeetna to Devil Canyon· 

The Susitna River from Devil Canyon to Talkeetna flows mostly 
through a steep canyon that opens out near Talkeetna. The flood
plain vegetation is strongly influenced by water and ice during 
floods. Scouring by ice and water during spring breakup and by 
high water during summer floods account for much of the vegetation 
dynamics in the floodplain. 

Willow and balsam poplar are common early-successional species on 
the floodplain of this river. They occur on the most recently
deposited river bars. As the pioneer communities mature, balsam 
poplar becomes dominant. The oldest, most stable areas are 
usually covered with birch-spruce forest. 

(i) Early Successional Stands 

Early successional conmunities account for 5-10% of the 
vegetated land on the floodplain. They are usually domin
ated by horsetai 1 (Equisetum) and/or dryas (Dryas 
drurm1ondii) in the ground layer and balsam popular and/or 
willow 1n the shrub layer. Characteristically, these com
munities have 1 itt l e tota 1 vegetation cover with greater 
than 50% bare gound (Table E.3.W21). Plant species in 
these types generally have rhizomes, or horizontal under
ground stems, which may extend for many meters and are 
effective in binding loose sand and silt. Dryas is import
ant in stabilizing gravelly sites. 
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- In most stands, balsam poplar and willow occur at greater 
densitities than other woody species, but alder has a rela
tively rapid growth rate, and it begins to overtop willow 
and balsam poplar with1n 2 or 3 years after its establish
ment. 

These balsam popular and willow stands may last up to 10 
years from the 1 ast major disturbance. Aging of these 
stands is difficult because floods frequently bury several 
years• plant growth in silt. Balsam poplar about 50 em in 
height might have 10 years of growth si nee the 1 ast major 
silting and another 10 years in the buried silt layer. 
This cycle may be repeated a number· of times before 
vegetation succession advances to a later stage. 

Vegetation on these sites is slow-growing until sufficient 
silts and sands are deposited by wind and water to provide 
a parent material for soil development. 

{ii) Mid-Successional Stands 

Mid-successional types account for about one-fifth of vege
tated land in the Susitna Basin floodplain. Deposition of 
sands and silts that raises the elevation of sites above 
the level of frequent flooding are necessary for transition 
of early successional vegetation to mid- successional 
stages. Thinleaf alder, or balsam poplar that has 
developed into tall shrubs or trees, dominates these 
stands .. The alder type is the first phase and appears to 
last from 10 to 25 years after stabilization. Balsam 
poplar appears to dominate the vegetation 25 to 55 years 
after stabilization, but stands of this type are much less 
frequent than the alder-dominated stands. As noted 
earlier, alder overtops balsam poplar during the transition 
from early- to mid-successional stands. However, after 
about 20 years, the balsam poplar that remains quickly 
doubles its height, thereby overshadowing the alder and 
developing into the immature balsam poplar trees of the 
mid-successional stage. 

In both alder and balsam pop 1 ar stands, there is essen
tially no bare ground. As balsam poplar assumes greater 
dominance, its density and that of thinleaf alder and felt
leaf willow decline from that found in alder stands, since 
the balsam poplar trees become larger; but Sitka alder, 
prickly rose, and highbush cranberry increase in density 
(Table E.3.W22). 
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(iii) Late Successional Stands 

As the balsam poplar stands of mid-succession mature, white 
spruce may appear in the canopy. Mature balsam poplar 
stands probably are established by about 75 years after 
stabilization and exist for probably 30 more years. 
Eventually, balsam poplars become decadent, leaving space 
for development of more balsam poplar or spruce and birch, 
if no distrubances interrupt the process. Which factors 
cause development of the birch-spruce stands and which pro
mote continuation of the balsam poplar are still unclear. 

Mature and decadent balsam poplar stands occur on 25 to 40% 
of the vegetated floodplain; mixed stands of birch and 
spruce occupy 23 to 32% of the area. McKendrick et al. 
(1982) found mature and decadent balsam poplar stands to 
collectively average 90% total vegetation cover. They 
found birch-spruce communities to have 42% cover of white 
spruce in the overstory (Table E.3.W23). 

Birch- spruce types have the greatest variation in stand 
structure of the vegetation types found on the floodplain. 
There is some evidence that these stands are self
perpetuating. Upon overmaturity, the birch overstory 
appears to fall, making the spruce more susceptible to 
wind-throw and thereby allowing a pure birch shrub-alder
highbush cranberry-prickly rose community to increase. The 
shrub community then progresses again to the birch-spruce 
forest conditions. 

(d) Talkeetna to Cook Inlet 

Vegetation in the floodplain below Talkeetna has a similar succes
sional sequence to that above Talkeetna. It consists primarily of 
bottomland spruce-hardwood forests (Commonwealth Assoc. 1982). 
The islands and river bars are somewhat more stable due to the 
width of the floodplain, which reduces ice jam damage and the 
severity of flooding. This increase in stability increases the 
average age and successional stage of the vegetation present in 
the floodplain. 

Separate mapping of this area has not been undertaken because of 
the minimal impact that the project is expected to have on vege
tation below the confluence of the Susitna with the Chulitna and 
Talkeetna Rivers (see Section 3.3). 
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(e) Transmission Stubs and Intertie 

( i ) Healy to Fairbanks 

The classification system used to map the northern trans
mission corridor (McKendrick et al. 1982) is the same as 
that used in the upper basin (see Viereck and Dyrness 
1980). The corridor crosses three distinct physic
graphically and phytosociologically distinct sections: 
Healy to Nenana River, Nenana River to Tanana River, and 
Tanana River to Fairbanks. 

The Healy-to-Nenana River section contains a dissected 
plateau on the west side, a relatively flat area in the 
middle, and the Parks Highway and Nenana River to the east. 
Vegetation along the ridges leading from the plateau is 
predominantly open spruce, open mixed conifer-deciduous, 
and open deciduous forest types. The flat area is pre
dominantly low shrub with sedge-grass and open and closed 
spruce types. Most f the spruce trees are relatively 
short, except along the streams. 

The Tanana flats area extends from just beyond the Nenana 
River crossing to the Tanana River. This section has a 
mosaic of wet vegetation types including open spruce stands 
with larch, low shrub, and wet sedge-grass. Locations of 
many types appear to be a consequence of o 1 d stream 
meanders and drainage patterns. Some patches of deciduous 
forest stands occur .. Dry streambeds have stringers of 
other vegetation, such as low shrub, through them. 

The section from the Tanana River to Fairbanks passes 
through rolling hills covered predominantly with open 
deciduous forest. Small areas of spruce are less common 
than in the Tanana flats section. The mixed woodland 
patches in this section are generally cutover areas. Many 
of the closed spruce areas produce very short shrub-like 
trees or shrubs. 

Most spruce areas between the Tanana River and Fairbanks 
contain only spruce; few have larch. About half the areas 
in the Tanana flats section contain larch as well. Spruce 
(presumably black spruce) occurs in low, poorly drained 
areas. Spruce in better-drainage 1 ocat ions may be either 
black or white spruce but existing maps (McKendrick et al. 
1982) show the vegetation only as spruce. The black 
spruce-larch type, confined in Alaska to the interior, is 
generally found only on wet lowland sites with shallow 
permafrost (Viereck and Dyrness 1980). 
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Forest types account for almost 78% of the 111,000 hectares 
of the corridor, with open forest types being the dominant 
form (Table E.3.W24). Open spruce covers 28% of the area, 
open deciduous 11%, and open mixed conifer-deciduous 11%. 

(ii) Willow to Cook Inlet 

The Willow-Cook Inlet transmission corridor passes through 
three principal kinds of plant communities -- (1) closed 
birch and mixed coni fer-deciduous forests, (2) wet sedge
grass marshes, and (3) open and closed spruce stands (Table 
E.3.W25) (McKendrick et al. 1982). 

Birch and mixed forests are most abundant. These forests 
can have high quality birch, white spruce, and balsam 
poplar trees. However, many sites have had poor 
regeneration and developed either a woodland/shrubland or 
woodland/ grassland aspect. Birch is the predominant 
deciduous species. Localized stands of balsam poplar are 
associated wlth the active river floodplain {Willow 
vicinity). 

Wet sedge-grass marsh is the second most common vegetation 
type in this area. Most of these areas are quite extensive 
and associated with diverse networks of ponds, lakes, and 
meandering streams. These areas support little other vege
tation except for scattered islands of black spruce and low 
shrubs on drier sites. 

White spruce, common in most of interior Alaska, is less 
common in this part of the Susitna Valley. The vegetation 
map of this corridor does not identify spruce to species. 
How~ver, most closed and open spruce stands in areas 
dominated by mixed conifer deciduous forest are probably 
white spruce. Spruce stands skirting wet sedge-grass or 
low shrub areas may be white or black spruce or mixtures of 
the two. Most woodland spruce stands are black spruce. 

The Willow-Cook Inlet corridor includes approximately 
38,000 hectares (Table E.3.W25). It passes through 
relatively flat terrain that is 67% forested, predominantly 
with conifer-deciduous forests. Approximately 24% of the 
area is small and large wet sedge-grass meadows. 

(iii) Willow to Healy 

The Willow-to-Healy intertie corridor is covered by 
interior forests, muskeg, shrub communities and tundra. 
White spruce and paper birch dominate the drier forested 
landscapes; black spruce is primarily located on the poorly 
drained sites. Additionally, balsam poplar and white 
spruce develop on the floodplains. Within or adjacent to 
these areas about thirty species of willow and several 
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species of a 1 der occur in the understory or in thickets 
with little or no overstory. 

The southern two-thirds of this corridor contains forested 
areas; the northern portion consists mainly of open wood-
1 and, shrub land and tundra. The corridor possesses fewer 
glaciers and ice fields than is common in similar sized 
areas in the region (Commonwealth Assoc. 1982). 

Dams to Intertie 

The transmission corridor from the dams to the intertie has 
not been separately mapped. But from work of McKendrick et 
a l. ( 1982), one can see that vegetation types inc 1 ude t a 11 
shrub on steep embankments, open spruce forests on the 
slopes and benches, and mixed and birch forests on gentle 
slopes and benches. Higher elevation types include mat and 
cushion tundra and sedge-shrub tundra. Areas covered by 
each type is presented in Table E.3.W26. 

3.3 - Impacts 

Impacts of the Susitna Hydroelectric Project on vegetation are of two 
general kinds-- (1) loss of all vegetative cover; and {2) change in 
the nature of vegetative cover (i.e., alterations in plant community 
types). The first kind of impact is considered adverse; wh·ile the 
second kind is either adverse or beneficial depending upon its effect 
on wildlife. The following discussions treat both kinds of impact. 

(a) Watana Development 

(i) Construction 

- Vegetation Removal 

Construction of the Watana development will result in the 
direct remova~ of vegetation within an area of approxi
mately 144 km . Within the dam, spillway, and impound
ment areas, about 12,667 ha of vegetation wi 11 be removed 
by construction and clearing operations. Included are 
10,818 ha of forest that is composed primarily of large 
stands of both woodland and open black and white spruce, 
as well as some open mixed forest types. The camp, vil-
1 age, ai rst rip, and borrow areas wi 11 affect an addi
tional 1742 ha, most of which is shrubland or black 
spruce forest. 

Table E.3.W27 lists the area of each vegetation type to 
be directly removed by the Watana development, and 
compares each value to the total area of that vegetation 
type within the Upper Susitna Basin. Approximately 
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of the open birch stands, and all large closed birch 
stands in the upper basin will be removed by the Watana 
development. The relative loss of other types is small 
when compared to their availability in the basin. For 
example, only 3.4% of forested areas, 0.1% of tundra 
types, and 0.4% of shrubland cover types will be directly 
removed by the development. 

- Vegetation Loss by Erosion 

Erosion is a persistent problem at dam construction sites 
in northern latitudes (Baxter 1977, Baxter and Glaude 
1980). Erosion may be promoted by the following: 

. Destabilization of till due to clearing of vegetation; 

. Blowdown of trees near cleared areas; 
Thawing of permafrost; 

. Desiccation of exposed soils; and 

. Changes in drainage patterns. 

Slope stability studies by Acres American (1982) indicate 
that areas particularly vulnerable to vegetation loss 
through erosional effects include side slopes of the 
can yon from the south abutment of the Watana Dams ite to 
Vee Canyon, along Watana Creek, and the Oshetna-Goose 
Creek area. Existing vegetation patterns in these areas 
reflect a mosaic of disturbance and regeneration of plant 
cover. 

- Vegetation Damage by Wind and Dust 

Slowdown of trees is a recognized problem in cleared 
areas {Todd 1982). Near reservoirs, it is promoted by 
increased winds due to a greater fetch as areas are 
cleared (Baxter and Glaude 1980, Brown 1972). Since 
northeasterly winds predominate in the project area most 
of the year, the greatest blowdown potential is on the 
south side of the Watana damsite near the spillway. 

Wind-generated dust is expected to be a prob 1 em during 
the construction phase because of the 1 arge areas that 
will be cleared for the impoundment and borrow areas, and 
increased wind fetch as a result of clearing. 
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Accumulations of thick dust on vegetation can potentially 
retard snowmelt (Drake 1981). The direct effect of dust on 
plants varies with plant species and the chemical composi
tion of dust. For example, densities of cottongrass 
(Eriophorum spp.) are likely to increase, but stiff club
moss, sphagnum moss and lichens such as Cladina apparently 
decrease in abundance when exposed to dust (CRREL 1980). 

- Effects of Altered Drainage 

Local alteration of drainage patterns surface water regimes 
may result from clearing, ditching, and other construction 
activities. Berms constructed on shoulders of construction 
areas may block drainage patterns, causing waterlogging of 
soils or shifts of surface flow to adjacent drainages 
(CRREL 1980). Resulting changes in surface water regimes 
will cause plant communities to shift accordingly. The 
time required for these changes to occur, and the extent of 
the change, will depend on the extent of hydrologic change 
and on plant successional dynamics, many of which are 
poorly known (Neiland and Viereck 1977). 

- Effects of Change in Albedo 

Cleared soils usually absorb more solar radiation than do 
vegetated soils and consequently thaw sooner in spring and 
deeper over the summer. Conversely, with less insulation 
they freeze earlier and deeper in the winter. Resulting 
changes in surface hydrology will cause plant communities 
to change as discussed in the preceding paragraphs. 

- Indirect Consequences of Vegetation Removal. 

Methods of vegetation removal may have indirect impacts on 
other vegetation. Spruce budworm disease, which occurs in 
areas adjacent to the Susitna watershed (Hegg 1970), may be 
more likely to invade the area if spruce trees are cut but 
not removed or burned. Clearing may a 1 so enable other 
insects and decay organisms to increase in abundance 
(Kimmey and Stevenson 1957). 

The extent of topsoil removed during clearing in areas out
side the impoundment will affect succession by determining 
nutrient avail abi 1 ity, soil moisture-retention capacity, 
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and seed and sprout availability. The more topsoil that is 
retained or returned, the more rapidly restoration of the 
original vegetation type may be achieved. Invariably, how
ever, the first plants to naturally reestablish themselves 
in disturbed areas will be early successional plant 
species. These species are characteristically light
demanding, xerophytic, deep-rooted and non-specific as to 
soil type. 

- Effects of Increased Fires 

The increased numbers of people in the area may cause 
increased incidences of fires. Fire has been a natural 
factor shaping plant communities in the area, so increased 
fires will cause changes in plant communities similar to 
those that can already be observed there. 

Because successional patterns following project-related 
fires are more likely to manifest themselves during the 
operations phase, they are treated in Section 3.3(a)(ii). 

(ii) Filling and Operation 

The Watana facility is scheduled to begin operation in 1993. 
Some construction-related impacts such as dust will diminish, 
but other problems such as erosion will continue. The most 
conspicuous operation-related changes in vegetation will be 
downstream as a result of streamflow regulation, but less 
drastic changes may be caused by micro- and mesoc 1 imati c 
changes, increased fire incidence, and increased off-road 
vehicle (ORV) use. In many instances, vegetation will 
respond to these disturbances through characteristic 
successional recovery patterns. The following subsections 
describe operation-related changes and the successional 
pat terns of communities as they recover from deve 1 opment 
induced change. 

- Vegetation Succession Following Removal 

On sites where vegetation has been removed, natural plant 
succession will occur unless prevented by inundation or 
facility maintenance. Successional patterns expected in 
forests, shrublands, and tundra are discussed below. 

Forest Areas and Shrub land 

Within forest and shrubland areas, newly cleared sites 
with largely intact mineral and organic soils will natur
ally revegetate with grass and herbaceous plants native 
to the original community (Conn and Delapp 1982a,b). In 
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interior Alaska, characteristic early successional herbs 
and shrubs are bluejoint reedgrass, field horsetail, 
prickly rose, bluebell, bunchberry, northern bedstraw, 
Labrador tea, American twinflower, blite goosefoot, pale 
corydalis, American dragonhead, fireweed, crazyweed, and 
rough cinquefoil. Early successional trees are willow, 
aspen, and poplar. 

From 6 to 25 years after clearing, willow and/or alder 
will typically dominate areas that were originally forest 
or shrubland (see reviews of forest succession by Neiland 
and Viereck 1977, VanCleve and Viereck 1981). Soon 
thereafter a tree canopy of young black spruce, willow 
and alder wi 11 develop. Dense stands of spruce with 
well-developed moss and lichen components will not 
develop for 50~100 years. 

Tundra 

Clearing of tundra and concurrent removal of topsoi 1 
will, except in certain rocky alpine sites, typically 
result in higher.soil temperatures and, if permafrost is 
present, a deeper thaw (Bliss and Wei n 1972, Hernandez 
1973, G~rsper and Challinor 1975, Chapin and Shaver 
1981). Either of these conditions may lead to the devel
opment of a different plant community from that original
ly present and, possibly, a very long restoration period. 
But if" topsoil is retained, recovery to the same commu
nity type can be rapid. The topsoils contain most of the 
available nutrients, rhizomes, and seeds required for 
rapid recolonization (see discussion by Chapin and 
VanCleve 1978). One to several centuries may be required 
for recovery from disturbance where the topsoi 1 is 1 ost 
(Brown et al. 1978). 

Although natural successional trends of tundra are far 
less predictable than for forested areas, the following 
sequence is likely to occur. The first vegetation types 
to reestablish in moist or wet tundra (with the organic 
layer retained) are likely to be cottongrass species and, 
if buried seed is present, Bigelow sedge on wet sites. 
Bl uejoi nt reed grass may predominate on drier sites (see 
Chapin and Chapin 1980, Chapin and Shaver 1981, Gartner 
1982). Grasses, such as arctic bluegrass, may also in
vade dry sites (Gartner 1982). As might be expected, 
non-native plants may establish themselves if seeds are 
supplied. Non-native plants may delay, but will not pre
vent reestablishment of native species. 

Within 5 to 10 years after revegetation begins, at least 
50% and often 100% vegetation cover is expected on a 11 
sites on which the original organic layer was retained. 
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Native woody and herbaceous species characteristic of 
adjacent areas will also begin to invade within 10 years; 
possible species include willows, bog blueberry, mountain 
cranberry, northern Labrador tea, shrubby cinquefoil, 
prickly rose, Oxytropis campestris, lupine, green alder, 
and dwarf and resin birch. Reest ab 1 i shment of norma 1 
densities, however, may require several decades. 

- Effects of Erosion and Deposition 

If the drawdown zone of the Watana impoundment is typical 
of that of other northern reservoirs, it wi 11 remain un
stable unti 1 bedrock or gravel/cobble/boulder substrates 
are encountered. Shoreline recession is likely with 
consequent loss of vegetation (Baxter and Glaude 1980). 
Although some of the evolving shoreline above the drawdown 
zone will be readily colonized by early seral stages such 
as grasses and herbaceous species, stabilization of this 
upper shoreline may require 30 years or more (Newbury and 
Malaher 1972). 

After the reservoir is filled, the water will warm adjacent 
hillsides, causing permafrost to melt and slides to occur. 
On the south side of the Watana impoundment, the permafrost 
layer is 60-90 m thick and is within 1oC of thawing. 
Numerous slides and land slumpages are therefore likely on 
this side of the reservoir. If these slides are small and 
the organic soil layers have not been lost, encroachment by 
rhizomatous species may enable rapid recolonization. If 
large slides occur, a full cycle of forest succession on 
melted permafrost may ensue, leading to black spruce and 
bog vegetation. 

Following beach (mudflat) development, flooding of upland 
areas may occasionally occur as a result of water displace
ment from slumpage (Kerr 1973) or from high flows. This 
occasional flooding of adjacent areas will likely stimulate 
new vegetation growth. Progradation of deltas into the 
reservoir at a number of creek tributary mouths is likely 
since deposition will occur when fast creek currents empty 
into slow-moving reservoir water. These deltas may even
tually be vegetated in the same manner as downstream flood
plain areas (see discussion below). 

- Effects of Altered Downstream Flows 

Because plant community development on floodplains is 
strongly regulated by peak streamflows, reduction of peak 
flows in the Susitna River to approximately 40% of pre
project conditions wi 11 have a profound effect on flood
plain communities downstream of the Watana and Devil Canyon 
Dams. Large amounts of floodplain will be relatively 
exempt from flooding, and hence from flood-regulated vege
tation succession. 
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Many of the banks exposed by the reduced water flows will 
consist of coarse gravels and cobble. Alluvial banks in 
the De vi 1 Canyon reservoir area may a 1 so be eroded as a 
result of the Watana Reservoir. Because most of the sedi
ment load of the Upper Susitna River will be deposited in 
the Watana Reservoir, the sediment carrying capacity of the 
river will be much greater than the available sediment load 
some distance downstream of the dam. Thus, some of the al
luvium deposited during flood stages and by wind will be 
eroded, leaving a predominantly rocky substrate. Few 
plants other than Dryas will grow on these rocky areas 
until an adequate soil layer is formed. 

Where a 11 uv i urn is present, the pat tern of f 1 oodp 1 a in suc
cession described by Viereck (1970), Van Cleve and Viereck 
(1981), and Neiland and Viereck (1977) will occur. This 
pattern is typical of vast areas of interior Alaska, and 
has been found to generally apply to the Susitna Basin 
(McKendrick et al. 1982). Predicted river floodplain 
succession is depicted in Figure E.3.W3. Some deviations 
from this pattern may be observed. For example, the 
expected abrupt diminishment in flows wi 11 prec 1 ude 
development of 11 salt crust 11 and associated successional 
species, such that this stage in plant succession may be 
bypassed. 

The effects of regulated flows on vegetation will change 
as one proceeds downriver, primarily because channel con
figurations are different and peak flow levels less modi
fied downstream. Potential effects on vegetation will be 
discussed separately for the river reaches between Wat ana 
and Dev i 1 Canyon, De vi 1 Canyon to Ta 1 keetna, Ta 1 keetna to 
the Yentna River, and from there to Cook In let. 

. Watana to Devi 1 Canyon 

This reach of the river is mostly a single channel with 
armored banks and is structurally similar to the channel 
in the De vi 1 Canyon-Ta 1 keetna reach. Warm water re 1 eases 
from the dam will prevent ice formation on the river in 
winter and ice scour in spring. Summer peak flows will 
be reduced. The elimination of ice scouring and the 
reduction in peak summer flows will hasten the 
encroachment of vegetation on newly-exposed areas with 
adequate so i 1 s. Also the open-water area in winter may 
promote rime-ice formation on adjacent vegetation, and 
the warmer water temperatures may alter the timing of 
plant phenology, but drastic vegetation changes as a 
consequence are not expected. 
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. Devil Canyon to Talkeetna 

The Susitna River in this reach has mostly a single 
channel or split channel configuration. Vegetational 
encroachment is currently controlled by the bankfull flow 
(recurrence interval of about 2 years) and ice scouring. 
The channel is armored with boulders and cobbles, and is 
relatively stable. 

Bredthauer and Drage (1982) expect narrowing of the main 
channel under post-project conditions. Abandonment of 
side channels in multi-channel reaches is also expected. 
These changes, however, wi 11 require many decades to 
occur. A reduction of suspended and bed sediment 1 oads 
within the river is expected, and vegetation will not 
invade areas until a soil veneer has been formed over the 
cobble-sized material forming the main channel peri
meter. 

The active floodplain between Devil Canyon ahd the 
Chulitna confluence covers 3220 ha; vegetated islands 
cover 636 ha of this figure. Comparisons of aerial 
photos taken in 1951 with those from 1980 indicate a few 
changes in bank lines and island planform, but generally 
the channel delineation in this reach is stable 
(Bredthauer and Drage 1981}. At the pre-project maximum 
f 1 ow of about 51,.000 cfs, the water surface area (based 
on output from the Corps of Engineers HEC model) is about 
2760 ha, and thus 460 ha within the floodp~ain are above 
the water level. Mature balsam poplar on the islands 
cover 411 ha, whereas tall shrubs cover an additional 183 
ha. Thus, islands now covered by mature poplar and tall 
shrub are the only areas remaining above the water level 
at this peak flow. The post-project maximum flow in 
August of about 21-22,000 cfs will have a surface area of 
about 2100 ha; therefore, 1120 ha wi 11 be above the 
water 1 eve 1. Approximately 593 ha of the above-water 
area is presently covered by mature poplar and tall shrub 
types, allowing for 520 ha of new long-term vegetative 
colonization. Assuming alO-year period for soil forma
tion, and the floodplain successional sequence described 
in Section 3.2(c}, the vegetation on these 520 ha will 
probably consist of immature balsam poplar and alder at 
the end of the license period, or alternately, a Dryas
young meadow transitional community where little soil 
ace umu 1 ates. 

Vegetation encroachment is also currently influenced by 
ice scouring, and some bank erosion occurs during ice-jam 
events at breakup. Post-project ice formation in this 
reach will be similar to present conditions since most of 
the frazil ice in this reach is formed at the point where 
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the river gradient f1 at tens after 1 eavi ng De vi 1 Canyon, 
and the river water will have cooled to Oo before enter
; ng the canyon. However, post-project breakup may have a 
lesser effect on vegetation because the river stage will 
be much lower during breakup, and the armored channel 
will confine the ice effects. As vegetation begins to 
encroach on the main channel, however, ice scouring will 
probably remove some vegetation each spring . 

. Talkeetna to Yentna River 

There is a dramatic change in the morphology of the 
Susitna River from a split channel to a braided channel 
at the confluence of the Susitna, Chulitna, and Talkeetna 
Rivers. The flows contributed by each of these rivers at 
the confluence are 40 percent each for the Chulitna and 
Susitna Rivers, and 20 percent for the Talkeetna River. 
The Chulitna contributes most of the sediment load at 
this point. 

Downstream of Talkeetna, large changes in channel posi
tion and form presently occur whenever the river attains 
bankfull sta.ge. At this stage, the active gravel flood
plain is subject to movement, with considerable local 
scouring and filling. Under post-project conditions, the 
bankfull flood will have a recurrence interval of about 
once every 5-10 years, as opposed to the present 1-2 year 
interval (Bredthauer and Drage 1982). Thus, the active 
gravel floodplain may gradually develop a vegetative 
cover, and the minor subchannels may become inactive. 
However, flooding events from the Chulitna and Talkeetna 
Rivers will maintain some instability in the development 
of riparian cormnunities. 

The Delta Island reach is a very unstable and complex 
channel network. Bredthauer and Drage (1982) stated that 
"project-induced changes in flow and sediment regime 
realized at this reach will be diluted by contribution 
from tributaries and by the Susitna satisfying its sedi
ment load by reworking the wide floodplain alluvial 
deposits. Basic changes in the overall channel network 
are not expected". 

It thus appears that some vegetation will colonize this 
reach between Ta 1 keetna and the Yentna River, but that 
bankfull floods each decade will cause vegetation reces
sion. Fewer areas of rocky substrate exist in this 
reach, so early successional stages of willow, balsam 
poplar, and alder will be present between these flooding 
events. Ice scouring does not greatly affect vegetation 
in this reach due to the multi-channel configuration 
which allows flows to bypass any jams, and so no ice-
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related changes in vegetation are expected. Because of 
the annual variation in the timing and level of peak 
flows from the Chulitna, Talkeetna, Kashwitna, and other 
rivers, it is not possible to predict the area expected 
to be colonized by vegetation in the long-term as was 
done for the reach above Talkeetna. 

Yentna River to Cook Inlet 

The Yentna River contributes about 40 percent of the mean 
annua 1 flow that enters Cook In 1 et from the Sus itna 
River. Below this confluence, few measureable changes 
are expected in the vegetation that could be related to 
the project. As Bredthauer and Drage (1982) state, 11 the 
dilution effect of major and minor tributaries as well as 
the balancing of changes by the Susitna River system 
should mask any measurable changes that could occur as a 
resu 1 t of the project for sever a 1 decades 11

• The t ida 1 
influence of Cook Inlet on the delta vegetation will also 
reduce possible effects of the project on vegetation to a 
minimum. 

- Climatic Changes and Effects on Vegetation 

Reservoirs act as a heat source or sink, warming and cool
ing less rapidly than the surrounding terrestrial sub
strate. These effects may delay the normal spring warming 
and fall cooling of adjacent environments and so affect the 
phenology and distribution of nearby vegetation. Spring 
air temperatures in the immediate vicinity of the reservoir 
will be cooler on the average than at present. The cumula
tive effects of a cooler spring environment on the entire 
plant community are unclear. Phenology studies are now in 
progress to determine the pattern of greenup near the pro
posed impoundment. 

The Watana impoundment should act as a heat source in fall, 
maintaining slightly warmer air temperatures than normal. 
The possible effects of this on vegetation are likewise 
unclear. 

Another therma 1 effect of the Wat ana impoundment wi 11 be 
its moderation of diurnal changes so that nearby nighttime 
temperatures during May and June will be higher and daytime 
temperatures will be lower than prior to development. 
Average fall temperatures near a 1 ake of simi 1 ar size to 
the Watana reservoir were characterized by a 5. 5°C 1 ower 
maximum and 2.2°C higher minimum than temperatures away 
from the lake (Baxter and Glaube 1980). Temperature 
effects likely would not extend beyond 2.5 km downwind of 
the water mass. The effects of these thermal changes on 
the vegetation are, again, difficult to assess. 
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The development of extensive fog banks near the Watana im
poundment may also affect vegetation. Fog banks tend to be 
persistent at reservoir sites after breakup (Buckle~ 1973, 
Baster and Glaude 1980), and can result in the deposition 
of copious quantities of hoar frost on trees and shrubs 
within 3 km of shore. Buckler (1973) reported that ice 
crystals 5-7 em in length were found on vegetation close to 
a reservoir when temperatures below -23°C created steam 
fog. 

- Effects of Increased Human Use 

During the construction of the Watana facility, construc
tion personne 1 and their f ami 1 i es wi 11 have greater access 
opportunity than usua 1 to a number of areas in the Upper 
Susitna Basin. The major human use impacts wi 11 probably 
be associated with use of off-road vehicles (ORVs) and 
accidental fires . 

. Off-Road Vehicles 

The effects on vegetation of ORV use varies with season, 
soil moisture and depth the presence or absence of perma
frost, vehicle weight, frequency of use, and other fac
tors (Chapin and Van Cleve 1978, Sparrow et al. 1978, 
Fancy 1982). 

The ground layer of vegetation is more susceptible to 
damage by ORVs than are other layers. The plants are 
most susceptible to damage in summer. In winter, snow 
and ice layers minimize damage to the underlying vegeta-
tion and the organic mat. Dry habitats are relatively 
immune to damage by ORVs. A few passes of light track 
vehicles over relatively dry well-drained soils may 
result in slight compaction of the organic and/or plant 
1 ayer, a net soi 1 temperature gain, and deeper thaw of 
the active soil layer. The typical result is minor 
subsidence and an influx of ground water. 

Tundra and wetlands, especially sites with underlying 
permafrost, are the most vulnerable habitats. Repetitive 
off-road traffic or use of heavy vehicles in moist areas 
is likely to remove vegetation and also the underlying 
organic mat. This would cause soil temperature 
increases, deeper thaw, subsidence to one meter or more, 
groundwater input, and severe erosion that may last 5 to 
50 years or more (Hok 1969, Rickard 1972, Lawson et al. 
1978, Chapin and Shaver 1981). Quagmires may form as a 
result of pending of surface water (Sparrow et al. 1978) 
or gully formation may result. Near the Denali Highway, 
Sparrow et a1. (1978) observed gullies formed after ORV 
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use as wide as 6 to 8 m and up to 3 m deep, with severe 
side erosion and cave-ins, as well as active transport of 
sediment down hi 11. A simi 1 ar effect was noted when fire
lines were established on Wickersham Dome, near Fairbanks 
(Lotspeich 1979). The above effects will be most severe 
where ground ice content is high (Bliss and Wein 1972). 
Natural restoration of the organic layer of tundra soils 
may require more than a century (Chapin and Van Cleve 19-
78). However, some grasses, such as blue-joint reed
grass, may be able to rapidly invade mineral substrates 
(Gartner 1982). 

Fires 

Tundra vegetation would probably recover within 8 years 
from most fires. In the short term, increased productiv
ity of browsable shrubs such as willow, aspen, and birch 
is likely as a result of the release of soil nutrients 
(Figure E.3.W4). 

In shrubland and forest, a variety of successional pat
terns might result from a fire, depending on vegetation 
type, soil moisture and temperature, time of year, and 
post-fire weather patterns (Fiqure E.3.W5). For example, 
some willow species, while highly adapted for reseeding 
burned areas, produce seeds that are viable for only 
short periods of time in the spring or fall (Zasada and 
Viereck 1975, Zasada and Densmore 1977). A dry period 
following a burn would most likely lead to the initial 
establishment of horsetail, fireweed and blue-joint 
reedgrass, particularly if a thick organic layer 
remains. 

Bog blueberry, mountain cranberry, prickly rose, and 
raspberry would be expected to proliferate following 
light fires where these species are already established. 
On the other hand, a heavy fire would destroy blueberry 
and cranberry species, but would enhance seed germination 
of roses and raspberries (Densmore and Zadsada 1977, 
Densmore 1979). 

Fires on steep slopes result in increased runoff due to 
vegetation loss, and may cause mud or landslides. In 
other areas thermokarst topography and gullies may result 
from fires (Viereck and Schandelmeier 1980). 
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(b) Devil Canyon Development 

(i) Construction 

- Vegetation Removal 

Because of the narrow, steep configuration of Devi 1 Canyon, 
vegetative losses will be substantially less than for the 
Watana Dam. Approximately 2305 forested ha and 70 shrubland 
ha will be inundated or cleared (Table E.3.W28). An 
additional 223 ha will be altered or lost as a result of the 
camp, village and borrow areas. As discussed in the previous 
section, natural revegetation of some distur- bed sites will 
probably occur. The probable successional sequences, 
reviewed in section 3.3(a)(ii), also apply to the Devil 
Canyon region. 

- Vegetation Loss by Erosion 

The most 1 ikely source of vegetation by erosion at the 
Devil Canyon site will be rock slides along steep banks, 
especially on the south side of the reservoir. Although 
most rockfalls will occur at elevations of 274-396 m and so 
will be below the eventual fill level, some slides may also 
occur above this zone. Only sporadic concentrations of 
permafrost have been found in Devil Canyon. Resulting ero
sional problems and vegetation loss through permafrost 
melting should be minimal. 

- Vegetation Damage by Wind and Dust 

Such wind-related phenomena as tree blowdown are less like
ly at the Devil Canyon site than at the Watana site because 
the maximum fetch is far less at the Devil Canyon site. 
Dust wi 11 be generated by c 1 eari ng of the De vi 1 Canyon 
impoundment area. But because the impoundment area is in a 
narrow valley that is more protected from wind than the 
Watana impoundment area, resulting impacts to vegetation 
are expected to be relatively minor. 

- Effects of Altered Drainage 

Current projected borrow areas impinge on a number of small 
lakes and ponds south of the Devil Canyon site. Excavation 
in these areas may result in the creation of new aquatic or 
bog habitat with ensuing development of bog vegetation (see 
section(3.3(a)(i)). 

The steep configuration of the dam area will severely 1 imit 
other changes in drainage patterns or water table levels. 
Any downslope cuts made during construction may, however, 
promote active gully formation and associated vegetation 
1 ass. 
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• Effects of Change in Albedo 

Clearing of the Devil Canyon dam site will result in a 
warming of underlying soils prior to filling. Since 
permafrost is not generally present, impacts on adjacent 
vegetation will be minimal • 

• Indirect Consequences of Vegetation Removal 

Indirect effects of different clearing methodologies were 
reviewed previously for the Watana site (Section 3.3{a) 
(i)). These effects are also applicable to the Devil 
Canyon area, although the steep configuration of the 
canyon may make recontouring and topsoil replacement 
efforts less effective. 

{ii) Filling and Operation 

The Devil Canyon impoundment should fill in about two months. 
No appreciable downstream effects should be evident during 
filling. Above the dam, filling will result in diminished 
dust and summer and perhaps wi 11 slightly alter microclimate, 
especially on the windward side of the reservoir. 

Because the drawdown zone for the Devi 1 Canyon impoundment 
wi 11 be 1 ess than one meter during most of the year, and 
shorelines are steep, the rise and fall of the water table 
will probably affect vegetation only in a narrow band 
adjacent to the reservoir. The consolidated, rocky character 
of the substratum will in most cases limit water intrusion 
and soil waterlogging and few shifts toward wet or bog 
vegetation are likely. 

Relatively few new impacts on vegetation are expected during 
operation of the Devil Canyon dam. The old large landslide 
at river mile 175 could move after filling, temporarily 
blocking river flow and flooding upstream areas. This could 
cause a loss of mid- and late-successional vegetation in 
areas such as the mouths and floodplains of Fog and Tsusena 
Creeks. 

Meso- and microclimatic effects on vegetation w·ill be very 
small and probably well within the range of normal variation, 
due to the relatively small size of the reservoir. 

- Vegetation Succession Following Clearing 

The same general vegetational succession patterns will 
occur on c 1 eared, unsubmerged lands of the De vi 1 Canyon 
area that were described for the Watana site (see 3.3 {a) 
(ii)). However, due to the steep, rocky character of Devil 
Canyon a much greater mosaic of vegetation types may devel
op. On some slopes, loss of soil may result in shifts to 
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low-lying alpine type communities, dominated by Dryas, 
rather than a gradual return to shrubland and forests. 

- Erosion and Deposition 

Due to the geological character of the Devil Canyon region, 
erosional/depositional changes affecting vegetation will be 
minimal following filling of the reservoir. 

- Downstream Effects 

Downstream effects of reservoir operation on vegetation 
w·i 11 be the same as for the ~~at ana dam, except that the 
Devil Canyon operation will greatly diminish winter ice in 
the Devi 1 Canyon to Talkeetna reach. Warm water released 
from the dam in winter will result in an open-water stretch 
at least as far as the Chulitna confluence. Steam fog from 
this open water i-n winter could cause frost buildup on 
vegetation along the river (Buckler 1973). The conse
quences to vegetation of frosting are not clear. 

(c) Access 

(i) Construction 

( i i) 

Approximately 230 ha (34 m x 67 km) of mixed tundra types of 
vegetation will be cleared for access. The vegetation adja
cent to the access road will be subject to indirect effects 
including dust deposition, erosion, leaching of nutrients in 
recently drained regions, and waterlogging in areas of 
blocked drainage. These effects are all discussed in more 
detail in 3.3(a),(i) and (iii). 

When the Devil Canyon dam is built, an additional road 
segment wi 11 connect the Devi 1 Canyon and Watana sites along 
a corridor north of the river. Construction of this road 
entails clearing of an additional 60 km (approximately 200 
ha) of roadway, as well as adding 23 km (78 ha) of railroad 
right-of-way between Devil Canyon and Gold Creek on the south 
side of the Susitna River. Spruce and mixed forests, tall 
and low shrubl and, and tundra vegetation types wi 11 all be 
crossed. 

Many of the same impacts experienced in clearing the Watana 
and Devi 1 Canyon impoundments (Section 3.3( a), ( i) and (b), 
(i)) wi 11 occur in this access segment. These include ero
sion, dust deposition, and drainage changes. 

Operation 

Use of the access roads will result in continued dust- and 
erosion-related effects on the vegetation bordering the 
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access road. In addition, access roads will facilitate 
increased human disturbances, including ORV use and a higher 
incidence of fire, as"'well as possible clearing and develop
ment related to other projects. These disturbances and their 
impact on vegetation are discussed in detail in Section 
3.3(a)(ii). · 

In contrast to the access roads, the proposed rail connection 
from Gold Creek to Devil Canyon will minimize off-road access 
and fire incidence. The rail connection will primarily tra
verse spruce and mixed deciduous type forests. 

(d) Transmission Corridors 

(i) Construction 

Transmission corridors canst i tute another source of veget a .. 
tion loss and/or disturbance (Table E.3.W29). Woodland and 
open black and white spruce communities (962 ha) and open and 
closed conifer-deciduous forest (1172 ha) constitute the main 
vegetation types that will be disturbed. 

Wetlands (113 ha), tundra (203 ha), and shrubland (646 ha), 
are included in the proposed rights-of-way. In all the above 
cases, the vegetation types affected represent small frac
tions (less than 4.2 percent) of the total available vegeta-
tion types within the corridors. Of this portion only a neg
ligible fraction of the vegetation will be totally eliminated 
by intermittent placement of control stations, relay build
ings and towers. The remaining vegetation will be subject to 
selective clearing of trees and tall shrubs. Thus low-lying 
vegetation and small shrubs will remain largely undisturbed. 
Such cleared areas have the potential of increased browse 
production by willow and birch shrubs following over-story 
removal. 

( i i ) Operation 

After establishment of the transmission corridors, periodic 
maintenance via selective clearing or trimming will be 
required. Such manual clipping may stimulate leaf and twig 
growth of willow and other browse species (Wolff 1978, Chapin 
et a 1. 1975). On the other hand, evergreen shrubs such as 
Labrador tea and other woody shrubs are likely to show 
increased mortality if damaged in the process of clearing 
(Chapin 1980, Chapin and Shaver 1982). But the potentially 
most damaging asp.ect of operation may be increased ORV use in 
the rights-of-way (see Section 3.3(a)(iii)). 
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(e) Impact Summary 

This section summarizes the important impacts of the Susitna 
Hydroe 1 ectri c Project on vegetation. It a 1 so presents the impact 
issues in order of their priorities of importance. 

(i) Watana Reservoir Area 

( i i) 

The immediate vicinity of the Watana Reservoir will be the 
region most adversely affected by the Susitna project. In 
addition to the 14,409 ha of plant cover that will be removed 
or cleared within the impoundment and associated use areas, 
an unknown area of vegetation will also be lost as a result 
of mass land slumpage from permafrost melting along the south 
side of the reservoir. Changes in the water table and ero
sional processes are likely to increase the relative abun
dance of bog vegetation. Increases in .dust during construc
tion, changes in local micro-climates during operation, 
increases in ORV use, and changes in the incidences of fires 
may affect vegetation to a lesser extent. 

Devil Canyon Reservoir Area 

Because of the narrow, steep configuration of the valley and 
the smaller size of the impoundment, Devil Canyon will affect 
a smaller area of vegetation than wi 11 Watana. During con
struction, 2598 ha, primarily forests, wi 11 be inundated or 
cleared for the impoundment and facilities. During filling 
and operation, dust problems wi 11 moderate, erosional pro
cesses will occur less frequently, and mesoclimatic change is 
1 ikely to be negligible. Rock slides pose the greatest 
threat as a source of additional vegetational loss and one 
large slide at river mile 175 may also cause some upstream 
flooding, with accompanying floodplain successional events at 
new tributary mouths. 

(iii) Talkeetna to Devil Canyon 

Downstream floodplain vegetation will increase in the area of 
floodplain it covers, and more of it will progress to late 
succession as a result of fewer flood episodes and decreased 
ice scouring following dam construction. Because of the 
armored condition of the Susitna channe 1 between Ta 1 keetna 
and Devi 1 Canyon, however, much of the newly exposed river 
banks will have insufficient soil development to allow imme
diate establishment of vegetation other than pioneering com
munities. Areas where sufficient alluvium is available will 
develop into the medium and tall shrub stages during the 
license period. 
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{iv) Cook Inlet to Talkeetna 

The confluence of the Chulitna and Talkeetna rivers and other 
streams south of Talkeetna~ and the strong tidal influence on 
the 1 ower reaches of the Susitna River are expected to ob
scure effects resulting from diminished flows caused by the 
dams. Annual flooding by the Chulitna and/or Talkeetna rivers 
is 1 i key to maintain much of the downstream vegetation in the 
floodplain in successional stages even without contributions 
from the Susitna. 

(v) Access and Transmission Corridors 

Access roads and railroads will remove several hundred ha of 
primarily tundra vegetation types. Additional small areas of 
vegetation at roadside margins wi 11 be affected by dust, 
changed surface water regime, and road maintenance activi
ties. The areas of each vegetation type lost and modified 
are small in comparison to the total areas of each type that 
exist in the regions traversed by the roads. 

Transmission corridors wi 11 modify up to a few thousand ha of 
vegetation. The greatest changes wi 11 come in forest types, 
where the overstory must be cleared to construct and maintain 
the rights-of-way. As with roads, the area of each vegeta
tion type that wi 11 be affected is small in comparison to 
what exists regionally. 

(vi) Prioritization of Impact Issues 

In this section, impacts to vegetation are discussed in order 
from most to least important. Losses of vegetation are 
judged important in proportion to total acreage lost and in 
indirect proportion to amounts of each type present regional
ly. Plant community changes are judged to be less important 
than losses per se. As yet, there is no basis for evaluating 
whether community changes are "good" or "bad". 

- Direct Losses of Vegetation 

. Watana 

Direct losses for the Watana project include 12,667 ha of 
vegetation for the dam, impoundment and spillway. An 
additional 1742 ha have been designated for use as camp, 
village, air strip, and borrow areas. These potential 
1 asses account for on 1 y 1 percent of a 11 vegetation in 
the Upper Susitna Basin, but 3.6 percent of the vegeta
tion present in a 16-km-wi de area spanning the Susi tna 
River from Gold Creek to the mouth of the Maclaren River. 
More importantly, substantial losses of certain 
vegetation types will be sustained during construction of 
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the Watana Dam. Losses of forested areas may total 8.3 
percent of the 16-km-wi de area. Losses of open and 
closed birch forest will be particularly large, greater 
than 20 percent for the 16-km wide area. The 1 asses of 
these forest types will mean substantial habitat losses 
for some wildlife, especially black bears, moose, pine 
marten, beavers, passerine birds, and raptors • 

• Devil Canyon 

Direct losses for the Devil Canyon project will include 
2376 ha of forests, tundra and shrubl and. Negligible 
amounts of tundra and shrub land ( < .05 pecent) wi 11 be 
cleared, but 0.7 percent of all forested lands in the 
upper basin (1.8 percent of the 16-km-area) will be 
affected. Because of the steepness of Devi 1 Canyon, 
these losses are relatively small compared to Watana Can
yon and comparatively less important for wildHfe. 
Again, however, appreciable quantities of closed birch 
forest (18.6 percent of the 16-km-area) will be elimin
ated • 

. Access Roads 

The Watana access road wi 11 resu 1 t in a 1 oss of 
approximately 230 ha of mixed tundra vegetation types. 
Additional losses of about 200 hectares for access roads 
and 78 ha for rai 1 wi 11 be uti 1 ized for access to the 
Devil Canyon facility, should this be built. These 
routes will span spruce forests, tall and low shrubland 
and tundra vegetation types. In relation to possible 
1 asses from other aspects of the project, these direct 
losses are small. 

• Transmission Corridors 

Of the total 3483 hectares of vegetation on rights-of
way for transmission lines, only a small fraction ( 10 
percent) need be subject to initial clearing. A median 
strip for transport of personnel and materials, plus 
smaller areas for placement of control stations, relay 
buildings and towers, will need to be cleared, whereas 
other portions of the transmission corridors will only 
require selective clearing or top-cutting of tall trees 
and shrubs. 

- Indirect Losses of Vegetation 

Substantial additional losses of vegetation may occur due 
to erosion, permafrost me 1 t i ng and subsequent land s 1 ides 
and s 1 umpage, ORV use, b 1 owdown of trees and other causes 
(see Section 3.3(a)(i)). While some of these losses will 
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be short-term with typical vegetational succession ensuing, 
or with shifts to new vegetation types for that area, 
1 ongterm vegetat i ana 1 1 asses enduring for 30 to more than 
100 years may occur on sites of continual erosion, land 
slumpage, or ORV use. The amounts that wi 11 be lost 
because of these factors are small compared to amounts 
inundated by the reservoirs. 

. Watana 

Indirect losses of vegetation are projected to be great
est at the Watana site, where large areas on the south 
side of the impoundment are underlain by 200-300 feet of 
permafrost at near melting temperature. Also, because of 
the expected large size of the reservoir, other erosional 
processes such as wind erosion, together with effects of 
dust, may cause very localized vegetation loss, especial
ly in wind-exposed areas • 

. Devil Canyon 

The smaller, steeper nature of Devil Canyon will severely 
limit indirect losses of vegetation. Except for the pos
sibility of one massive flow near river mile 175, rock 
slides occurring above the impoundment represent the 
greatest threats and these wi 11 result in only small 
scale losses. 

. Access Roads 

Alternations of vegetation adjacent to access roads will 
occur principally where drainage patterns have been 
changed. Berms along road shoulders will result in 
swamping or waterlogging of poorly drained soils, with a 
corresponding shift to depauperate bogs. In other areas 
drainages may merge, break through berms and roads, and 
cause erosional losses of vegetation. Increased uti 1 iza
tion of ORVs along access roads and road maintenance may 
dam age adjacent areas • 

. Transmission Corridors 

Little indirect loss is likely as a result of direct 
clearing or construction, but uncontrolled ORV access 
cou 1 d affect vegetation on and adjacent to carr i dar s. 
Forests, shrub 1 ands, tundra and wet 1 ands are dispersed 
along this area. 

- Alteration of Vegetation Types 

In many instances, natural succession of cleared or dis
turbed areas not subject to inundation will result in 
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vegetation type changes. For example, primary herbaceous 
and weedy vegetation and secondary shrub growth may follow 
clearing of sites. There may be development of fast-grow
ing algal species and floating vegetation in shallow areas 
of the impoundment(s). Vegetation succession trends fol
lowing man-caused fires are generally predictable . 

• Downstream Floodplain 

The most important alteration to result from the dam(s) 
wi 11 be downstream between Ta 1 keetna and Go 1 d Creek, 
where annual spring and summer flooding and spring scour 
by ice jams will be ameliorated. As a result, some of the 
previously pulse-stabilized communities wi 11 mature. The 
willow and balsam poplar shrub will change to mature bal
sam poplar and thence to spruce. Within the license 
period, the development of vegetation on newly exposed 
banks and islands will proceed only to the medium and 
tall shrub stages. 

Watana 

One area of potentially important impacts is tundra vege
tation surrounding the Watana Reservoir. Disturbance may 
cause warming of the soil, melting ofthe permafrost, and 
deepening of the active layer. In well-drained areas, 
this may result in increased growth and productivity by 
the existing plant community, but in waterlogged areas a 
shift to bog vegetation is likely. If the organic layer 
is lost during disturbance, long-term losses of vegeta
tion may result. 

Most disturbed forests and shrub area disturbed near the 
reservoir wi 11 recover naturally. The ensuing patterns 
of vegetational succession wi 11 be accelerated if the 
organic layer is retained and if root suckers or seeds of 
vegetation remain. 

Devil Canyon 

Outside the actual impoundment and dam site, very few 
alterations of vegetation types are anticipated at Devi 1 
Canyon. Forest types wi 11 be subject to minor altera
tions, primarily near borrow sites G and K, and near camp 
and village sites. Likewise, changes in drainage, water
logging of soil or permafrost melting will be highly 
localized because the soil is generally very rocky and 
well drained, with only sporadic occurrences of perma
frost. The smaller, steeper character of Oevi l Canyon 
will also act to limit micro-climatic and mesoclimatic 
alterations. 
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. Access Roads and Railroads 

The access roads between the Devi 1 Canyon and Watana 
sites and between Watana and the Denali Highway, as 
well as rail construction between Devil Canyon and Gold 
Creek, will necessarily alter drainage patterns and may 
induce dust-related alterations in vegetation at 
roadsides. The effects of altered drainages have been 
summarized above . 

. Transmission Corridors 

Selective clearing or top-cutting of tall vegetation 
will result in local shifts in plant types from trees 
to shrubs. Wet and moist tundra areas and their peri
pheries will be more susceptible to waterlogging by 
vehicular traffic with subsequent development of bog 
and/or black spruce species in place of cottongrass and 
shrub species. 

3.4 - Mitigation Plan 

(a) Watana Development 

(i) Construction 

The direct removal of vegetation within a total area of 
approximately 14,409 ha wi 11 result from construction of 
the Watana Dam, impoundment area, and anci 11 ary project 
facilities (e.g., access roads, airstrips, camp, village, 
material sites). For project features outside of the 
Watana impoundment area, mitigative features have been 
incorporated into engineering design and construction 
planning to avoid or minimize the impact of vegetation 
removal during construction. Facilities have been sited on 
a case-by-case basis to minimize clearing requirements, 
both by choice of unforested or sparsely forested locations 
and by consolidating structures to disturb the minimum area 
of ground surface. The construction camp and village have 
been located together on an unforested site immediately 
adjacent to the Watana construction area (Exhibit A). 
Equipment and vehicle use will be confined to gravel roads 
and pads. Off-road or all-terrain vehicle use will be 
prohibited. Service roads will be established along 
planned connecting corridors to channelize transportation 
activities. 

Minimal forest clearing will be necessary to establish the 
limited infrastructure of temporary roads, fuel and equip
ment storage areas, and other support f aci 1 ~ties joining 
the construction site with the camp and v1llage. The 
entire affected area of dam and ancillary facilities, 
including the emergency spillway, will be confined to a 
radius not exceeding about 3,000 meters. 
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Facility siting has avoided wet areas to the maximum extent 
consistent with logistic requirements. Both the main camp 
and the village site have been selected to provide well
drained land with existing slopes of 2 to 3 percent. 
Siting has minimized the necessity for fill placement in 
wetlands~ in accordance with the guidelines of Section 404 
of the Clean Water Act. Minimizing fill placement has 
correspondingly reduced gravel extraction volume demand and 
re 1 a ted vegetation c 1 eani ng requirements. Where f i 11 
placement is necessary~ as for the construction camp and 
equipment maintenance area, gravel will be placed directly 
on the vegetative ground cover, without removal of organic 
overburden. 

Where construction activities require removal of the 
organic 1 ayer and topsoi 1, these materia 1 s wi 11 be stock
piled for use in subsequent site rehabilitation measures. 
Overburden stockpiles will be sited in stable, well-drained 
locations and bermed to contain runoff. Depleted or non
operational upland borrow pits will be used as overburden 
storage areas where feasible. 

Inorganic excavated material suitable as aggregate or fill 
wi 11 be used for construction purposes, for rehab i 1 i tat ion 
of depleted material sites, or for solid waste disposal 
site maintenance. Where such use is not feasible, excava
tion spoil will be hauled to the impoundment area and dis
posed of in designated 1 ocat ions which wi 11 eventually be 
inundated. Vegetation outside of the impoundment area will 
not be disturbed for spoil disposal purposes. 

Grave 1 extract ion for construction of the earthf i 11 dam~ 

cofferdams, access and service roads, and facility founda
tion pads will be the major cause of vegetation removal 
other than clearing and flooding of the impoundment area. 
Where haul distances are feasible, gravel for roads, pads, 
and other ancillary facilities will be obtained from borrow 
areas inside the future Watana impoundment (proposed Borrow 
Sites D, J, or L). Borrow material from Susitna River 
floodplain or first-level terrace locations downstream from 
the Watana Dam site, or from any other river or stream, 
will not be used for ancillary facility construction. 

Active floodplain, first-level terrace, or streambed sites 
outside of the Watana impoundment area will be cleared and 
excavated only in cases where a specific type of material 
required for construction of the Watana Dam itself is not 
available within a feasible haul distance inside the 
impoundment area. For ex amp 1 e, geotechni ca 1 investigations 
have shown that the nearest feas i b 1 e source of concrete 
aggregate and filter material suitable for dam construction 
is Borrow Site E (Acres 1980-82 Geotechnical Report). This 
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site encompasses about 325 ha of first-level terrace 
extending about 3600 meters along the north side of the 
Susitna River. Vegetation is almost entirely closed coni
ferous forest with minor areas of alder, shrub, and tundra. 
The potential excavation area _includes the mouth and 1.5 
kilometers of Tsusena Creek, and the mouth and about .75 
kilometers of Bear Creek. Elevation across the site varies 
from about 427 meters near river level to about 515 meters 
along the northern boundary of the site. More than half of 
Borrow Site E is outside the proposed 441-meter limits of 
the future Devil Canyon Reservoir. 

Borrow Site E will be developed by pit excavation using 
drag lines, in accordance with established guidelines (U.S. 
Fish and Wildlife Service 1982; U.S. Army Corps of 
Engineers 1982). Precise material volume requirements and 
excavations limits for the site have not yet been estab-
1 ished. However, gravel wi 11 be extracted from narrow, 
variable-depth pits, with maximum depth of excavation 
ranging from about 38 meters in the southwest corner of the 
site to about 6 meters in the northeast corner (Acres 
1980-81 Geotechnical Report). Pit excavation, as opposed 
to the clearing and scraping of 1 arge areas of terrace, 
will minimize requirements for vegetation removal and faci
litate rehabilitation for wildlife habitat enhancement. 

{ii) Filling 

There is no way to avoid vegetation loss from filling of 
the impoundment area. Partial compenstion is being 
planned, however, for vegetation components important as 
wildlife habitat. For example, loss of moose winter browse 
may be compensated thro1.1gh habitat enhancement measures or 
the acquisition of replacement lands where future develop
ment which might otherwise occur will be prohibited 
(Section 4.4). 

The Watana Reservoir filling schedule has been aqjusted to 
minimize impacts of vegetation removal. Clearing of vege
tation within the impoundment area wi 11 proceed system
aticaly in stages over a three-year period during the 
winter months. Access routes to the clearing zones will be 
kept within the future reservoir. Clearing wi 11 be con
fined to the area to be inundated during each following 
year, so that uncleared vegetation will not be flooded. 
This practice will help reduce uprooting of uncleared trees 
and shrubs from erosion, blowdown, thaw, and slumping. 
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Because clearing will be conducted following dam construc
tion, downstream siltation from erosion runoff wjll be 
minimized through settling within the impoundment.! How
ever, it is expected that downstream si ltatior) wi 11 
increase as a result of reservoir clearing. This impact is 
discussed further in Exhibit E, Section 2, Water 
Resources. 

Cleared slash and debris will be stockpiled and! burned 
under continuous superv1s1on during the same dlearing 
season. Prompt burning will help to prevent the s~read of 
spruce budworm and other insects or decay organisms[. It is 
not anticipated that merchantable timber will occur in 
quantities sufficient to justify removal for sale. 

I 

Outside of the impoundment area, impacts of vegetation 
removal will be partially rectified by site rehabilitation 
and reduced over time by the gradual reestablishment and 
succession of native vegetation. Disturbed areas wi 11 be 
graded to contour and evenly covered with organic over
burden and topsoil previously stockpiled for this purpose. 
Ferti 1 izer high in phosphorus (e.g., 10-20•10 or 8-32-16, 

· N-P-K) will be applied at a rate sufficient to supply 85 to 
110 k i 1 ograms of nitrogen per hectare. 

Following the spreading of organic overburden, topsoil, and 
fertilizer, the site surface will be.scarified to a depth 
of 10 centimeters using a rake towed by a mini-Rolligon
type vehicle. This procedure wi 11 mix the organics with 
the underlying mineral soil, aerate the mixture, and 
lightly compact the surface. During the second and third 
growing seasons, followup applications of fertilizer will 
be made at one-half to one-third the original rates. 

Where erosion potential or aesthetic considerations can be 
demonstrated not to be involved, site rehabi 1 it at ion wi 11 
emphasize application of organics and nutrients and mini
mize seeding. This practice will encourage the reinvasion 
of native species from the surrounding parent population. 
For lightly-disturbed sites with intact topsoil~ fertili
zation alone should be sufficient to facilitate revege
tation. 

Sites with high erosion or visual impact potential will be 
fertilized and seeded with fast-growing native grasses 
appropriate to the climate and geography of the Susitna 
Basin. To minimize erosion, all sites will be rehabili
tated by the first growing season following removal of 
structures and equipment. 
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( i i i ) Operation 

Reductions in spring breakup and summer peak flows, channel 
width, and sediment deposition will decrease cyclic vari
ations in the successional stages of riparian vegetation 
downstream from the Watana Dam site, especially in the 
reach upstream from the confluences of the Chulitna and 
T a 1 keetna Rivers. Succession a 1 stages of riparian vegeta
tion associated with the active floodplain will be moni
tored yearly. In the event that successional variability 
is found to decrease, with later stages becoming dominant, 
periodic controlled flooding wi 11 be implemented to help 
maintain primary and secondary successional stage~. 

Fa 11 owing construction of the Watana Dam, permanent staff 
and facilities will be required to support project opera
tion and maintenance. Housing and ancillary structures for 
about 130 staff and their families will be built on land 
previously disturbed by the temporary vi 11 age. Clearing 
and construction in undisturbed areas will be avoided. 

Gravel will be required for road maintenance and other 
purposes during project operation. To minimize the expan
sion of existing borrow areas or the establishment of new 
ones, abandoned cofferdams, service roads, airstrips, 
foundation pads, and other gravel structures will be used 
as material sources for operation and maintenance purposes. 
These structures will be rehabilitated only if such use is 
not anticipated during the 1 ife of the project. 

{b) Devil Canyon Development 

(i) Construction 

The mitigative approach discussed for construction of the 
Watana Dam, impoundment, and ancillary facilities will 
apply also to Devil Canyon development. In addition, two 
features have received particular attention: 

- Disposal of spoi 1 produced during construction of the 
Devil Canyon saddle dam; and 

-Design and placement of the railhead facility and rail
road extension relative to Jack Long Creek and associated 
wet 1 ands. 

Depleted or nonoperational portions of Borrow Site G will 
be used for disposal of spoil produced during construction 
of the saddle dam at Devil Canyon. Borrow Site G will be 
the aggregate source for construction of the concrete arch 
dam and will be excavated prior to saddle dam construction. 
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Designated containment areas will be established within the 
borrow area to accommodate spoi 1 produced by saddle dam 
site excavation and by extraction and processing of rock
fill material at Quarry Site K, approximately 1.2 kilo
meters to the south (Exhibit A, Section 7.2). Borrow Site 
G, at about Elevation 303 meters, will be about 138 meters 
below the surface level of the Devil Canyon reservoir. 
Therefore, spoil disposal necessary for saddle dam con
struction will not require clearing of vegetation outside 
the impoundment area. 

The rai"lhead facility at Devil Canyon will consist of a 
poured concrete pad approximately 800 meters long and 240 
meters wide, accommodating the main track, two sidings, and 
areas for equipment, offloading, and storage. The Jack 
Long Creek drainage and associated wetlands occupy a swale 
immediately south of the construction camp and vi 11 age, 
imposing difficult constraints on the siting of the rail
road extension alignment and railhead. 

To minimize removal of riparian vegetation, fill placement 
in wetlands, and direct physical disturbance to Jack Long 
Creek, the terminal portion of the railroad extension has 
been kept as high on the hillside south of the creek as 
possible. It generally follows the transmission line car
r i dor at the 500- to 550-meter contour 1 eve 1, and ter
minates on relatively flat ground at an elevation of about 
454 meters. This alignment and siting keeps the railroad 
extension and railhead facility on higher ground well out 
of the Jack Long Creek drainage. 

Filling and Operation 

Mitigative measures implemented during filling and opera
tion at Devil Canyon will be similar to those planned for 
the Watana development. All construction facilities will 
be dismantled and removed, and disturbed terrain rehabil
itated. Permanent staff required for operation and main
tenance wi 11 be housed at the Watana permanent vi 11 age. 
Borrow Site G will be completely within the impoundment; 
the primary rectification objective for Quarry Site K wi 11 
be to ensure sediment-free drainage over clean rock sur
faces into Cheechako Creek. 

Construction 

The project access route has been designed to traverse 
relatively unproductive upland tundra, minimizing wetland 
crossings and avoiding closed forest along the Denali 
Highway-to-Watana segment, and keeping north of the Susitna 
River in unforested shrub or tundra between Watana and 
Devi 1 Canyon. The open forest and wetlands of the Fog 
Lakes and Stephan Lake areas south of the Susitna River 
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Merchantable timber cleared along this segment will be 
sectioned and hauled to Gold Creek for public consumption. 
S 1 ash and debris will be gathered and burned to minimize 
the spread of spruce budworm or other organisms as a 
potential result of clearing. 

A major objective of access road a 1 i gnment and design has 
been to avoid or minimize fill placement in wetlands, in 
accordance with guide 1 i nes estab 1 i shed by Section 404 of 
the Clean Water Act and the Alaska District, U.S. Army 
Corps of Engineers (1982). A flexible design speed, 
varying between 40 and 55 miles per hour, has been incor
porated to allow short-radius vertical and horizontal 
curves. This approach facilitates site-specific alignment 
adjustments to avoid sensitive features, and minimizes fill 
requirements in complex terrain. 

Where permafrost conditions permit, routing emphasizes 
sidehill cuts to avoid low-lying wet areas and maximize 
potential for balancing cut and fill quantities. Where 
bermed constructon capable of blocking sheet flow cannot be 
avoided, equalization culverts or serial bridging will be 
employed. Emphasis on side borrow techniques will minimize 
the need for material sites away from the alignment, and 
correspondingly minimize vegetation clearing requirements. 

(ii) Operation 

Public access will create a potential for disturbance to 
vegetation during project operation. Use of off-road or 
all-terrain vehicles by hunters has already produced exten
sive vegetation removal and soil disturbance in the Butte 
Lake area, where vehicles are driven directly onto the 
tundra from the Denali Highway. Management provisions will 
be required to prevent a similar impact from occurring 
along the Denali Highway-to-Watana and Watana-to-Devil 
Canyon segments of the project access route. 

The Alaska Power Authority is reviewing management options 
for avoiding or minimizing access-related disturbances to 
vegetation during the life of the project. These options 
range from total prohibition of public access to restric
tion of off-road or all-terrain vehicle use within the 
project area. Interagency agreement wi 11 be required to 
implement policies affecting the public lands of the area. 
For example, the Denali Highway is under review by the 
Bureau of Land Management for inclusion in the National 
Scenic Highway System {R. Ward and M. Wrabetz 1982). The 
project access route may also be eligible for this 
designation, which would entail restrictions on off-road 
vehicle use and other potentially disturbing activities 
initiated from the access road. 
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The Susitna Hydroelectric Project Recreation Plan is pre
sented in Exhibit E~ Section 7. A major objective of the 
Recreation Plan is to establish patterns of public access 
that will minimize and localize access-related impacts 
through the use of trails and designated camping areas. 
The Recreation Plan is consistent with fish and wildlife 
habitat protection priorities established for the project. 
In addition~ the phased design of the Recreation Plan will 
ensure that implementation wi 11 be gradual and based on 
monitoring of fish, vegetation~ and wildlife impacts as 
well as recreational user needs. Implementation of each 
phase wi 11 be subject to interagency review and concur
rence. 

(d) Transmission 

{ i ) Construction 

The transmission corridor from Watana to the Intertie is the 
_shortest feas i b 1 e route, and crosses mostly upland tundra. 
Where forest occurs, the route largely follows forest-tundra 
and forest-shrub trans it ion zones where c 1 eari ng require
ments will be minimal. Construction of the transmission 
lines will not involve removal of organic overburden, ground 
cover, or shrub vegetation; soil disturbance will be limited 
to installation of anchor points for transmission tower 
cable supports. All transmission- related construction 
between Watana and the Intertie junction at Gold Creek will 
occur during winter months when an adequate snow pack exists 
to support ground equipment and vehicles. Only flat-tread 
Nodwell-type or ballon-tired Rolligon-type vehicles will be 
used. Where winter access is not feasible or snow-free 
conditions are required, he 1 i copter-supported construction 
wi 11 be used. 

Additions to the existing Healy-to-Fairbanks and Willow-to
Anchorage transmission corridors, and to the Willow-to
Healy Intertie~ will be made adjacent to the established 
lines except where constraints of land ownership or use 
require re-routing. Where new routing is required, align
ment alternatives are designed to minimize crossings of 
active floodplains, streams, and wetlands. Alignments avoid 
lakes and parallel streams by a minimum 150 meters of undis
turbed terrain. Transmission towers will not be placed in 
active floodplains. 

Winter construction procedures wi 11 be followed for trans
mission line additions routed through previously undisturbed 
areas. Where winter access is not feas i b 1 e or snow-free 
conditions are required, he 1 icopter-supported construction 
w·111 be used. 
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(ii) Operation 

The primary environmental objective for transmission corri
dor operation and maintenance is to avoid creating new or 
alternative access routes for all-terrain vehicles. To 
achieve this objective, all operation and maintenance activ
ities will be implemented without road support, except where 
suitable roads already exist. Operation and maintenance 
tasks will therefore require winter scheduling or helicopter 
support. 

In keeping with the objective of avoi dj ng pub 1 i c access by 
transmission corridors, vegetation clearing will not be a 
routine feature of transmission 1 ine maintenance. Trees 
that present a hazard to power lines or prevent access to 
transmission towers for maintenance or repair will be cut. 
Woody shrub and herbaceous vegetation in previously undi s
turbed areas wi 11 not be cleared during maintenance. The 
use of herbicides will be prohibited. 
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4 - WILDLIFE 

4.1 - Intrdduction 

Populations of many wi ldl1fe spec1es 1nhablt the Susitna project area. 
rhe importance of each population for purposes of the Susitna project 
depends on the abundance of 1nd1vidua1s in the populat1on and/or the 
contribution of the population to recreation, subsistence or commerce. 
Species classified as threatened or endangered are considered particu
larly important. The emphasis of this report is on those wildlife 
resources that are more important than others for one or all of these 
reasons. 

(a) The Vertebrate Fauna 

Birds and mammals are the Wlldllte groups ot 1nterest in this 
study. Kessel et al. (1982) encountered 135 species of birds in 
the Susitna Basin above Devil Canyon; 82 species occur along the 
Susitna River floodplain below Devil Canyon. Sixteen species of 
smal I mammals--shrews, rodents, hares and porcupines--are known to 
occur in the upper Susitna basin. Moose, caribou, Dall sheep, 
brown bears, black bears, wolves and wolvennes are big game 
species that occur in the project area. Furbearers include the 
beaver, muskrat, river otter, mink, pine marten, red fox, lynx, 
coyotes, and short-tailed and least weasels (Gipson et al. 1982). 
Scientific names of bird and mammal species are listed in 
Appendices E.E and E.F. 

(b) Threatened or Endangered Species 

(c) 

No threatened or endangered species of wildlife have been recently 
encountered in the Susitna project area. White (1974) observed 
two peregrine falcons in 1974 along the Susitna River in the Devil 
Canyon impoundment area. Kessel et al. (1982) observed no pere
gnne falcons or other threatened or endangered species during 
their studies. The potential presence of peregrine falcons is 
discussed in greater deta11 in Section 4.2(c), (i). 

Species Contributing to Recreation, Subsistence and Commerce. 

All big game species contribute to recreat1on, and some of big 
game harvest would appropriately be called subsistence. All the 
furbearers contribute to some extent to commerce of fur trappers 
1n the region. Few birds are hunted in the region. In theory, 
birds contribute to non-consumptive forms of recreation such as 
bird-watching, but in fact, the area is too remote to attract many 
people who come solely to see birds. 
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Moose, carl bou, b 1 ack bears and brown bears are the most abundant 
big game species and are given highest priority. Sheep, wolves 
and wolverine are regionally less abundant and are assigned 
secondary importance. Furbearers are considered less important 
than big game species. Beavers, marten and muskrat are common 
enough to be readily avail able to trappers and have 1 imited 
economic importance. Otter, mink, red foxes, coyotes, lynx, a.nd 
weasels are given low priority. 

Birds and small mammals have historically contributed llttle to 
recreation, subs1stence or commerce in the project area. In 
addition, they each represent a large number of regionally 
abundant species of which few can be assigned priority over 
others. As a consequence, each species can receive limited 
treatment relative to big game and furbearer species with more 
obvious priorities of importance. 
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4.2- Baseline Description 

(a) B1 g Game 

( i ) Moose 

Studies of moose in the Susitna Basin were conducted in two 
discrete areas; 1) the upper Susitna basin, inc.luding all 
parts of the watershed upstream of the Devil Canyon dam
site, and 2) the lower Susitna basin, 1nclud1ng the major 
valley of the Susitna River from Devil Canyon downstream to 
the river mouth at Cook Inlet. 

Stud1es in the upper and lower Susltna bas1n have addressed 
different aspects of moose ecology. The differences in 
approach primarily reflect the differences in topography 
and vegetation in each portion of the basin, as well as 
differences in the development scenarios and potent1a1 
impacts in the two areas. Consequently, comparable infor
mation on moose in all areas of the Susitna basin is not 
always ava1lable. The following d1scuss1on of moose 
ecology in the Susitna basin provides a summary of the 
current state of knowledge for moose in the upper and lower 
basins. Similarities and differences in various aspects of 
moose ecology that may be influenced by the Watana-Devi I 
Canyon projects w111 also be discussed. 

Most of the information contained in the following discus
sion is based on studies by Ballard et al. (1982a) in the 
upper Susitna Basin and Modafferi (1982) in the lower 
Susitna basin. Additional references are cited as neces
sary. 

Distribution 

Moose occur throughout the Susitna River drainage and are 
one of the most econom1ca11y-1mportant wildlife species 
in the region. Within the Susitna basin, moose tend to 
be most abunc;lant ·j n the upstream area east of and 1 nc 1 ud
ing Tsusena and Kosina creeks and within the main Susitna 
valley downstream of Montana Creek to the river mouth at 
Cook Inlet. Low numbers of moose appear to presently 
inhabit the area between Devil Canyon and Talkeetna . 

• Seasonal Movements 

Moose in many northern areas undergo regular season a 1 
movements or migrations (see LeResche [1974] and Coady 
[1982] for a rev1ew). LeResche (1974) described 
migrations for moose as regular annual movements that 
involve return to at least one common area each year. 
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In some areas such as the North Slope of Alaska (Mould 
1979) or northern Mi nne sot a (Van Ba 11 anberghe and Peek 
1971), m1gratory movements may involve distances of 
only 2-10 km with little change in elevation. Migra
tions in mounta1nous areas usually 1nvo1ve large 
changes in elevation. In interior Alaska, moose spend 
the summer at low elevation, move to high elevation 
during fall and early winter, and return to lower 
elevations during mid- to late winter (Bishop 1969). 
Hori zont a I differences between ranges may be as 1 itt 1 e 
as 2 km (Knowlton 1960) or as great as 170 km (Berry 
1961). Migration in moose appears to be an adaptation 
for optimiz1ng surv1val through utilization of the 
seasonally most-favorable habitats available (Coady 
1982). 

Weather conditions, particularly snow depth and 
structure, are one of the most important factors 
associated with moose mtgration (Coady 1974, LeResche 
19/4). W1nter severtty may also influence the distance 
moved by individuals as well as the proportion of moose 
in a population that migrate to dlft.erent areas. For 
example, during a winter of low snow in southcentral 
A 1 ask a, some groups of moose overwintered on summer 
ranges while other groups migrated to adjacent winter 
range (Van Ballenberghe 1977). During winters of deep 
snow, however, almost all ot the moose mtgrated from 
the summer range to low elevation winter ranges. 

In the upper Sus1tna bas1n, some groups of moose exhl
blt seasonal shifts in distribution. Other groups 
undergo very limited seasonal movements and remain in 
low elevation riparian and forest colllTiunities year
round. Simi 1 ar types of migratory and non-migratory 
movements have been observed in other moose populations 
1n Alaska (LeResche 1974). Ballard et al. (1982a) 
delineated thirteen subpopulations of moose in the 
upper Sus1tna bas1n on the bas1s of seasonal movement 
patterns. 

Over 2700 radio-locations obtained from 207 moose 
during the period from October 1976 through August 
1981 indicated that most moose in the upper Susitna 
basin moved to lower elevations during late spr1ng and 
early summer; mean elevations of relocations for April 
and May were 785 m and 805 m, respectively. As summer 
progressed, moose moved to hlgher elevat1ons and 
commonly remained there throughout the winter period. 
The highest mean elevation of 901 m occurred in 
December. 
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These trends in e 1 evat ion are quite different from 
seasonal patterns observed during previous stud1 es 1 n 
the upper Sus1tna and Nelchina River basins. Van 
Ballenberghe (1978) and Ballard and Taylor (1980) both 
observed that moose tended to occupy areas at 762-914 m 
e1evat1ons during the summer and moved to elevations of 
548-671 m during the winter. Ballard et al. (1982a) 
attributed the use of higher elevations by moose during 
1980 and 1981 to mild winters, and suggested that high 
winds and temperature inversions resu 1 ted in reduced 
snow depths at higher elevations. Browse was conse
quently more accessible in these areas than at I ower 
e I evat ion areas. 

Use of regional areas within the upper Susitna basin by 
moose a 1 so appears to be influenced by s 1 ope. S 1 opes 
were classified into four broad categories: flat - 0 
to 10°, gentle 11 to 30°, moderate 31 to 60°, and steep 
- 61 to 90°. During both summer (May to August) and 
winter (November to April), 91 percent of the moose 
relocations occurred on flat and gentle slopes. The 
aspect of the s I ope, however, d1 d not appear to i nflu
ence moose locations. 

Detailed information on the distribution of moose in 
the lower Susitna basin is limited to the current 
studies being sponsored by the applicant. In general, 
riparian hab1 tats are at I east season a I ly important to 
moose in all reaches of the lower Susitna River. 
Winter ranges for moose throughout the lower Susitna 
bas1n are located in r1par1an areas. Riparian communi
ties are also commonly used as calving areas by moose 
north of Talkeetna, as year-round habitat for moose in 
the Delta Island area, and as transition range for 
moose south of Talkeetna. (Moose in the area south of 
Talkeetna appear to utilize seasonal ranges on both 
sides of the river valley.) 

. Special Use Areas 

Because movement patterns, ca I vi ng areas and breeding 
areas of moose may be traditional (Van Ballenberghe 
1977), and because the Susitna project could interfere 
with use of these sites, it is important to identify 
special use areas prior to development. Accordingly, 
port 1 ons of the upstream and downstream moose studies 
have attempted to locate concentration areas during the 
calving period and the rut. 
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Calving Areas. Parturition generally occurred between 
May 15 and June 15 in the years 1977 to 1980. To 
determine if calving concentrations occurred in or 
adjacent to the proposed impoundment areas, a I I obser
vations of radlo-collared cow moose in the upper 
Susitna basin between 15 May and 15 June during 1977 to 
1980 were assessed. Although th1s method includes some 
cows which were not observed with calves, it does 
provide locations of areas where cows probably calve. 
(This error is likely small because calf mortality 
immediately following birth is high [Ballard and Taylor 
1980, Ba I I ard et a I. 1981] and many parturient cows 
would consequently not be observed with calves.) 

Cow moose were distributed throughout the upper Sus1tna 
bas1n but several concentrations of radio-collared cow 
moose were observed. These included: Coal Creek and 
its tributaries; the Susitna River from the mouth of 
the Tyone River downstream to a point several miles 
downstream from Clarence Lake Creek; Jay Creek to 
Watana Creek; the area in the vicinity of the mouths of 
Deadman and Tsusena creeks; Fog Creek to Stephan Lake; 
and oppos 1 te Fog Creek to De vi 1 Creek. Low shrub and 
open spruce habitats were the most common cover types 
in the vicinity of these concentrations. The impor
tance of these sites as traditional calving areas is 
not known. 

Within the lower Susitna basin, calv1ng concentrations 
north of Talkeetna occurred in cover types different 
from those used south of Ta 1 keetna. Rad i a-co 11 ared 
females in the area north at lalkeetna generally moved 
to riparian or island habitats during the calving 
peri ad. Cottonwood was the predominant cover type in 
the vicinity of most relocations during the calving 
period. 

In contrast, radio-collared cow moose 1n the Susltna 
valley south of lalkeetna generally left the over
wintering riparian areas by late April and did not 
return to these areas unti I we II after the calving 
penod. A possible calving concentration was observed 
in the vicinity of Trapper Lake but most cow moose were 
widely dispersed at varying distances from the Susitna 
River. On average~ cow moose were located 14.7 km from 
the r1ver dur1ng the ca1v1ng period. However, several 
females calved on the river islands and remained there 
throughout the year. Cow moose 1n the area south at 
Talkeetna were generally observed in cover types more 
typical of calving habitat in other areas of Alaska 
(e.g., Rausch 1958; Bailey and Bangs 1980); a mosaic of 
spruce and alders interspersed with muskeg bog meadows 
was the most common cover type near re1ocat1ons. 
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A common feature of calving habitats in the lower 
Susitna basin is their close proximity to water. 
A !though the presence at· water may be an important 
attribute of calving sites, it is more likely that cow 
moose seek these areas because of the avai 1 abi 1 ity of 
newly-growing herbaceous vegetation (LeResche and Davis 
1973; Modafferi 1982). Such vegetat1on would prov1de 
lactat1ng cows and newborn calves with a readily
available source of easily digestible, highly nutri
tlous forage (Weeks and K1rkpatr1ck 1976; Fraser et al. 
1980). 

Avoiding predation (Ballard et al. 1980) or insect 
harassment (Mould 1979) may be a secondary considera
tion to forage availability in the selection of calving 
sites. Open muskeg areas would prov1de re11et from 
insect harassment because of air movement, but air 
movement a 1 so may carry moose scent to predators such 
as b I ack or brown bears or wo I ves. The re l at 1 ve open
ness also negates concealment from predators. Riparian 
habitats which are less open than muskeg would afford 
little relief from insect harassment but would provide 
considerably more concealment from predators and 
decrease the amount at Wlndborn scent. 

Breeding Areas. Breeding concentrations in the upper 
Susitna bas1n were determined by assessing the loca
tions of all radio-collared cow moose between 20 
September and 20 October during 1977 to 1980. Most cow 
moose occupied up 1 and sites away from the proposed 
impoundment areas. Concentrations occurred in the 
fol 1ow1ng areas: Coal Creek to the big bend in the 
Susitna River, Clarence Lake, uplands between Watana 
and Jay Creeks, Stephan Lake to Fog Lake, and the 
uplands above the mouth of Tsusena Creek. Other 
concentration areas away from the proposed impoundments 
include northwestern Alphabet Hills, the Maclaren 
River, and the area above the mouth of Valdez Creek. 

In the lower Susitna oas1n, tew moose were observed in 
riparian habitats during the breeding period. With the 
exception of moose that remained in riparian communl
tles or on the r1ver 1sJands throughout the year, most 
moose were located farther from the Susitna River 
during the rut than during the calving period. Cow and 
bull moose were located on average 15.5 km and 24.8 km, 
respectively, from the nver. Use of speciflc cover 
types dur1ng the breeding period was not assessed. 
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. River Crossings 

Because the impoundments ot the Watana and Devil Canyon 
dams may create a barrier to local or seasonal move
ments of moose, it is important to determine where 
moose commonly cross the Susitna River in the vicinity 
of the proposed impoundments and the importance of 
these cross1ng s1tes as traditionally-used areas. 

Between October 1976 and December 1981, 33 radio
co 11 a red moose made a m1 n1mum of 73 cross 1 ngs ot the 
upper Susitna River. Of 40 river crossings by radio
collared animals during 1980-1981, all occurred during 
the months of May through November. Di stri but ions of 
the crossings were: May - 20%, June - 7.5%; July -
12.o%, August - l2.o%, September - 2o%, October -
12.5%, and November - 10%. 

Track surveys on 24 March 1981 provided observations of 
an addltional /3 cross1ngs ot the Susltna 1{1ver by 
moose. Based on both crossings by radio-co 11 ared ani
mals and on track sightings, crossings of the Susitna 
River occurred throughout the proposed impoundment 
areas. However, crossings tended to be concentrated in 
several major areas along the Susitna River; these 
included the mouth of Fog Creek downstream to. an area 
near Stephan Lake, from the mouth ot· Ueadman Creek 
upstream for approximately 5 miles, Watana to Jay 
Creeks, and from Goose Creek to Clearwater Creek. The 
re 1 at i ve importance of these ·major crossing areas, 
particularly during seasonal migrations, is not known. 

I ntormat ion on movements ot· radio-colla red moose in the 
upper Susitna basin between October 1976 and mid-August 
1981 suggest that some of the above cross1ng concentra
tions may be associated with migratory movements. In 
genera 1, movement patterns of most moose approximated 
the drainage pattern of creeks and tributaries of the 
mainstem rivers. Consequently, most movements in the 
upper Susitna basin involve a north-south movement 
pattern. Crossing sites for these generalized move
ments that occurred within the proposed impoundment 
areas 1nclude the lower portion of Watana Creek, the 
Jay-Kosina creeks area, and the movement corridor along 
the Susitna River. 

- Habitat Use 

. Cover Requirements 

Because moose are 1 arge ly dependent on woody browse 
during winter and late spring, their distributions are 
more closely associated with the distr1but1on of 
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commonly-utilized browse species than with other envi
ronmental factors (Coady 1982). However, the minimum 
requirements of moose for winter food and cover appear 
to be satisfied by a great diversity of habitat types 
across North Amen ca, suggesting that moose are adapt
able to a variety of conditions. 

Habitat use by moose is most extensive during the 
summer and fall and 1s gradually restricted during the 
winter {LeResche et al. 1974). Lowland and upland 
c 1 imax shrub communities are heavily uti 1 i zed during 
summer and fall. By early winter, moose commonly move 
to upland and lowland seral communities. During 
w1nters of deep snow, upland seral communities are 
abandoned in favor of lowland areas. 

In western North America, shrub communit1es are the 
most important winter habitats for moose {LeResche et 
al. 1974). In particular, riparian willow (Salix sp.) 
stands provide high quality winter range (however, 
moose highly prefer some species of willow over 
others). Max1mum use of these areas occurs during mid
to 1 ate-winter and during severe winters. Areas of 
coniferous forests adjacent to riparian commun it 1 es 
provide bedd1ng areas and cover and so enhance the 
value of these shrublands for moose. 

Riparian communities are perhaps the most important 
shrub habitats for moose {Coady 1982). Because ripar
ian areas are self-renewing through alltJvial action, 
they provide permanent seral habitats. Important seral 
shrub habitat is also created by fire, clear-cutting, 
and other d1sturbances that remove climax vegetation 
cover {LeResche et al. 1974, Davis and Franzmann 1979). 
However, because moose avoid large clear-cut areas 
{Hamilton and Drysdale 1975), widescale removal of 
mature forest cover can result 1n a reduct1on of moose 
habitat, desplte the increase in shrub growth. Follow
ing fire in Alaska, the optimum age of browse growth is 
1 ess than 50 years and moose ut 1 I i zat ion of these areas 
usually peaks 20-25 years after burning (LeResche et 
a 1. 197 4). 

Site-specific information on habitat use .by moose in 
the Upper and lower Susitna basin was based on aerial 
assessments of the dominant vegetat1on species in the 
v1cinity of each moose relocation. Although this 
method of evaluating habitat use provided some informa
tion on the relat1Ve 1mportance of different forest 
cover types, two problems were apparent. 
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The first problem is associated with diurnal differ
ences in habitat use by moose. Linkswiler (1982) 
showed that habitat use by moose 1n Denali National 
Park w'as strongly associated with the time of day. In 
general, it appeared that moose rested in forested 
areas dunng the day and became act1ve 1n more open 
cover types during the early morning and evening. 
Observations of habitat use in the Susitna basin conse
quently may not accurately reflect the importance of 
some habitats to moose for activities such as feed1ng 
or nurs1ng, except dunng the winter when habitat use 
lS not greatly influenced by time of day. 

The second prob I em associated with the assessment ot 
moose habitat use during aerial surveys is that over
story cover types may not accurately reflect habitat 
components, such as browse avai 1 ability, that strong·ly 
influence use by moose. For example, Ballard et al. 
(1982a) ind1cated that the upper Susitna and Nelchina 
river basins contain approximately 24 species of willow 
(Salix sp.), yet moose commonly ut111ze only several 
species of willow as browse (Wolff 1976). Because the 
distributions of willows and other shrubs are not 
directly related to forest cover types, assessments of 
habitat use by moose on the basis of forest .cover types 
1s probably mlsleading. rurther studies of habitat use 
that measure variables important to moose are needed. 

Habitat Use in the Upper Susitna Basin. Spruce cover 
types were the areas most frequently used by radi a
collared moose in the upper Susitna basin during the 
penod October 19/b to August 1981, w1th sparse- and 
medlum-density, medium-height black spruce comprising 
35 percent of the tot a 1 observations. Assuming that 
Linksw1 ler's (198') results apply to the Susitna basin, 
these habitats likely represent bedding or resting 
habitats. The combined areas of conifer forest and 
shrubland account for only 59 percent of the total area 
in the upper Susitna basin, but based on the aerial 
surveys, received over 90 percent of the year-round use 
by moose. 

Moose use of upland shrub habitats corresponded closely 
w1th observed elevational movements of moose in this 
part of the Susitna basin. Moose were rarely observed 
in upland shrub habitats just prior to calving in April 
when they tended to be at low elevations. Use of the 
upland shrub hab1tat 1ncreased dur1ng the summer and 
peaked in October when 43 percent of all moose observed 
were in upland shrub habitat. High proportions ot 
moose were observed 1n upland shrub habitat throughout 
the winter. As discussed earlier, the high 

E-3-204 

~-1 

-

~I 

-

~' 

-



·~ 

-
-

r 

.... 

use of this cover type during the winter is likely the 
result of mild winter conditions and consequently may 
not accurately represent moose habl tat atti nit i es 
dur1ng more severe winters. 

During calving in May, moose in the upper Susitna basin 
were most common 1 y observed 1 n spar se-to-med i urn
density, medium-height spruce habitats. These lower 
elevation habitats may be selected by parturient 
females because of the availability of escape cover and 
the early green-up of the vegetation. Habitats such as 
birch, alder and dense spruce cover types were not 
commonly used during the calving period. 

Habitat Use in the Lower Susitna Basin. Habitat affi
nities of moose in the lower Susitna basin differed 
among the areas south of and north of Talkeetna and, in 
some cases, appeared to be influenced by both the se~ 

of the anima I and the season. Because these results 
are based on a relatively small number of relocations 
for a small number of moose, d1tterences 1n hab1tat use 
among rna 1 e and fern ale moose and among seasons may not 
be significant. 

During mid-March to mid-October 1981 (the sample period 
for all relocations in the lower Susitna study area), 
male moose {N=2) north at· Talkeetna were most often 
observed in non-riparian . communities dominated by 
alder, birch and/or spruce cover. Neither of these 
ammals were observed in riparian communities. In 
contrast, most female moose north of Talkeetna were 
observed in riparian communities during the calving 
period. Cottonwood, alder, and willow were the domi
nant cover types at most relocat1on s1tes. Uuring the 
summer period, most females in this area utilized 
non-riparian habitats, primarily those dominated by 
alder, blrch and/or spruce. Females tended to remain 
in non-riparin communities during the breeding period 
and were most common in areas dominated by alder, 
sedge/grasses and/or spruce. 

Male and female moose in the area south of Talkeetna 
were observed most ot"ten in non-riparian communities 
characterized by alder, birch and/or spruce habitats . 
Dur1ng the ca1v1ng per1od, cow moose tended to utilize 
birch and spriJce cover types most, whereas during the 
summer and breeding period, birch, spruce and alder 
cover types were used frequently. 
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Twenty percent of the observations of females in the 
southern port1on ot the lower basin were in riparian 
habitats where alder, birch, spruce and/or cottonwood 
were the predom1nant cover types. 

. Food Habits 

Moose are primarily browsers, feeding predominantly on 
deciduous woody browse during winter months and on 
emergent and herbaceous plants as well as leaves and 
leaders of shrubs and trees during the summer (see Peek 
1974 for a rev1ew). Food habits of moose are strongly 
influenced by browse availability and, as a result, it 
is ditt1cult to summanze tood habits for moose within 
large regional areas. In particular, moose feeding 
habits appear to change in relation to the species 
composition and relative abundance of browse in differ
ent habitats or within simi I ar hab1tats ot· varying 
successional stages (Coady 1982}. Snow depths and 
densities can also influence browse availability and, 
in turn, ut1 11zation ot browse by moose (Coady 1974). 

Data on browse availability and browse utilization for 
the upper Susitna basin are now being analyzed, but are 
probably similar to those from other areas in interior 
A 1 ask a. Rumen content ana lyses ot· moose trom the 
Fairbanks area indicated that moose depended on a diet 
of primarily deciduous woody plants (Cushwa and Coady 
1976}. W·111ow, paper birch, trembling aspen, and 
alder, in decreasing order, were the most frequently 
consumed browse species. Wolff (1976} observed a 
preference by moose in the Tanana River valley for 
willows and balsam poplar. lJ1ets ot moose 1n the upper 
Susitna basin may be similar to moose in the Fairbanks 
area except that t remb 1 i ng aspen is not readily av a i 1-
able in the upper Sus1tna va~ ley. 

Chatelaine (1951) examined rumen contents of moose 
obtained from kills along the Alaska railway and from 
hunter kills in the lower Susitna valley in the 
Talkeetna-Houston area. Willows,.paper b1rch, cotton
wood, and trembling aspen constituted most of the 
winter diet. Shrubs such as alder, wild rose, and 
high-bush cranberry were rarely consumed. A simi 1 ar 
analysis by Shepherd (1958} also indicated that the 
winter diet of moose in the lower Susitna valley was 
composed primarily of willows, paper birch and trembl
ing aspen. However, because both of these stud1es 
involved moose from non-riparian habitats at some dis
tance from the Susitna River, they probably do not 
accurately ret I ect the dl ets of moose overw1 nter1 ng in 
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nparian communities and on river islands in the 
Susitna River. In particular~ trembling aspen is not 
present in riparian communities and so would be 
unavai lab 1 e to moose as a winter forage. 

Browse ava1lab1l1ty and utllization measurements were 
obtained from a number of riparian sample sites along 
the Susitna River dunng 1980 (Arneson 1981). Five 
browse species were considered: willows, balsam pop
lar, paper birch~ highbush cranberry~ and wild rose. A 
mean of 1.4 browse pl ants/m2 was recorded for all 
habitat types in the Susitna River valley between 
Portage Creek and the Delta Islands. Browse species 
were most utilized in equisetum/willow and medium-tall 
poplar/willow/alder habitats and least utilized in 
medium-dense climax poplar/spruce and sparse-climax 
birch/spruce. 

Percent utilization of willow and poplar was greatest 
in habitats where they occurred less frequently. Birch 
was seldom found on floodplaln hab1tats, but where it 
occurred near the river, it was well uti 1 ized (26.9%). 
Highbush cranberry and rose were found mostly 1n tall 
or c11max habitats but were less abundant than willows. 
Utilization of highbush cranberry and rose was also 
less than willows. 

General observations indicated that alder was seldom 
browsed by moose but in some localities a small alder 
c I ump cou 1 d be heavily browsed. Some is 1 ands with high 
quality browse were not used by moose every winter; 
moose sign on some 1s lands 1nd1cated heavy use in the 
past but no use during the winter of 1979-1980 . 

. Home Ranges 

Moose population studies in both the upper and lower 
Susitna Basins involved biotelemetry assessment of 
local and seasonal movements and home ranges. A 
considerable volume of information on home range loca
tions, sizes and distance relationships to the proposed 
impoundments or river channel was obtained. The 
following discussion of home ranges will concentrate on 
the numbers of home ranges that may be potentially 
affected by the impoundments in the upper Susitna basin 
and by mod1t1cat1on of nparian communities in the 
lower Susitna basin. 

The Upper Susitna Basin. To determine the number of 
moose that seasonally and annually occupy areas within 
or immediately adjacent to the impoundment areas, 
Ballard et al. (1982a) delineated a 28.7 km zone (the 
average length of the annual home ranges of 162 rad1o-
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collared moose in the upper Susitna bas1n for which 4 
or more observations had been made during 1980-1981) 
around the impoundment area. Based on total home range 
polygons for 168 radio-collared moose, Ballard et al. 
(1982a) found that 19 had home ranges that fell outside 
the 28.7 km zone. Of the 149 moose with home range 
polygons either partially or entirely within this zone, 
79 moose had home range polygons which were either 
partly or entirely contained within an area that encom
passed the proposed impoundments and an arbitrarily
selected 8 km wide zone adjacent to the impoundment. 
Based on an estimate of 4500 moose for the upper 
Sus itna basin, up to 2402 moose may have home ranges 
that completely or partly overlap the proposed impound
ment area and the area within 8 km of the impoundment. 
A number of problems concerning equal catchability of 
animals, sampling intensity, and emigration/immigration 
of animals admlttedly may bias the results of the above 
analysis (see Ballard et al. 1982a). However, the 
analysis does provide an approximation of the number of 
moose that caul d conceivably be affected by the pro
posed impoundments and facilities. 

Lower Susitna Basin. The concern for moose in the 
1 ower Sus i tna basin that has been most commonly 
expressed is that altered water levels in the Susitna 
River may result in changes in the species composition, 
density, vigor and quality of riparian habitats. In
formation from the present moose biotelemetry studies 
in the lower Sus1tna bas1n 1s not adequate to reliably 
assess the number of moose that may be affected by 
changes in riparian corrmunities. 

Moose in the area upstream of Talkeetna and on the west 
side of the river were commonly relocated either within 
the river downstream of Talkeetna {i.e., river islands) 
or within 1.6 km of the r1ver {most of this area would 
presumably be riparian convnunities) (Table W30). In 
contrast, moose on the eastside of the river downstream 
from Talkeetna did not commonly frequent the. river or 
riparian areas. However, because of small samples, the 
above use patterns should be considered preliminary. 
Biotelemetry studies of moose in these riparian commun
ities are continuing, so that the number of moose po
tentially influenced by these changes can be better 
assessed. 

- Population Characteristics 

. Historical Population Trends 

Although moose population studies specific to much of 
the upper Susitna basin were not initiated until the 
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late 1970's, the Alaska Department of Fish and Game has 
been conducting annual aerial censuses in Game Manage
ment Unit (GMU} 13 since 1955. Portions of GMU 13, 
spec1t.1car ry Count Area (CA} 6, CA 7 and CA 14, occur 
partly or entirely within the upper Susitna River basin 
(Figure W6}. Historical descriptions of moose 
populations within GMU 13 are provided by Rausch 
(1969), Bishop and Rausch (1974), Mcilroy (1974), and 
Ballard and Taylor (1980). 

During th~ lY~U's, moose populations in GMU 13 increa
sed rapidly and reached high densities about 1960. 
After the severe winter of 1961-1962, the popu 1 at ion 
declined and continued to decline with severe winters 
occurring in 1965-66, 1970-71, 1971-72, and 1978-79. 
Fall cow-calf ratios, as well as several other indices 
of population productivity declined sharply and reached 
a record low for the basin in 1975. Sex and age compo
sition data for CA 7 and CA 14 have basically exhibited 
the same patterns described for the unit. Since 1975, 
the moose population appears to have increased slightly 
or remained stable even though calf survival has 
remained relatively low . 

. Population Estimates - Upper Susitna Basin 

In order to obtain accurate estimates of moose popula
tion sizes in portions of the upper Susitna basin, 
Ballard et al. (1982a) intensively surveyed CA 7 and 
CA 14 during 5-8 November 1980. Moose populations in 
all portions of the upper basin were not surveyed 
because of deteriorating snow conditions and the high 
costs of intensively surveying such a large area. 
During the aerial surveys of CA 7 and CA 14, a total of 
743 moose w~re observed withln 26 sample areas compris
ing 948 km , or an equivalent of 39 percent of the 
two count areas combined. 

Table W31 summarizes the calculations utilized to 
estimate the fall moose population inCA's 7 and 14 
east of Jay and Kosina{reeks during the late winter 
1980. Of the 2447 km census area, 35 percent was 
classified as low moose density, 38 percent as medium 
moose density and 27 percent as high moose density. 
Based upon census data, each stratification was 
estimate~ to contain the following number of 
moose/km low- 2.91, medium- 4.78, and high- 9.65. 
The estimated total fall population for CA's 7 and 14 
was 1986 + 371 (90% CI). 
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Bee a use a 11 moose wou 1 d not be observed at a survey 
intensity of 1.7 minutes/km2, portions of 10 sample 
areas were randomly chosen and were resurveyed at ~ 

sampling intensity of approximately 4.6 minutes/km 
in an effort to generate a s 1 ghtab1 11ty correct 1 on 
factor. Based on comparisons of total moose counts 
during both sets of surveys, it was estimated that 98 
percent of the moose were observed during the first 
surveys, yi e 1 ding a correction factor of 1. 03. The 
corrected popu1at1on estimate for CA 7 and CA 14 was 
2046! 382 (90% CI), of which 22 percent were calves. 

Ballard et a!. (l982a) were unable to 1ntenswely cen
sus the portion of the upper Susitna study area west of 
De 1 us ion and Kosi na creeks because of deteri orating 
snow conditions, but a rough estimate of moose numbers 
in this area was obtained during a short survey on 29 
November 1980. Stratification of the survey area indi
cated that of the 2150 km2 considered, 1456 km2 
were c1ass1f1ed as low dens1ty, 663 km2 as medium 
density, and 31 km2 as high density moose areas. 
Based on this stratification, a crude population esti
mate of 1151 moose was obtained. 

Similar calculations to those described above were used 
to estimate the number of moose in CA 6. Population 
estimates for this area were derived separately because 
a migratory group of moose 1s known to overwinter near 
the mouth of. the Oshetna River. During the survey on 9 
November 1980, a total of 205 moose were observed. Of 
the 1217 km2 stratified, 528 km2 were classified as 
1 ow moose ,density, 536 km2 as med i urn moose dens 1 ty, 
and lo3 km2 as high moose density areas. If it is 
assumed that the moose stratum densities in CA's 7 and 
14 are equ1va1ent to those in CA 6, a rough estimte of 
830 animals is obtained. The estimated number of moose 
in the upper Susitna basin study area, excluding the 
far southeastern portion of the drainage, was 4027 
during November 1980. 

Because of cost constra1nts and deteriorating snow 
conditions, no population estimates were obtained for a 
number of areas in the eastern port 1 on of the upper 
Susitna basin (the western Alphabet Hills, the Lake 
Louise flats, and the Tyone and Sanona Creek drain
ages) • 

. Population Estimates: Lower Susitna Basin 

Estimates of moose density in the lower Susitna basin 
are based on six aerial surveys conducted only in 
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riparian communities within four zones along the lower 
Susitna River (Figure W7) (Modafferi 1982, unpubl. 
data). Surveys were flown in early December 1981 and 
early Apri 1 1982. Because estimates are expressed as 
moose per river km, they are not equivalent to 
estimates for the upper Susitna basin (e.g., 
moose/ha). 

During the six ·surveys, an average of 267 moose were 
observed per survey (range of 82 to 309). Estimates of 
moose densities (Table W32) indicate that moose were 
generally most abundant along· the Susitna River during 
early March. During all surveys, moose densities were 
consistently higher downstream of Montana Creek than 
between Devil Canyon and Montana Creek . 

. Population Structure 

Upper Susitna Basin. Information on the population 
structure ot moose 1n a portion of the upper Susitna 
basin (GMU 13) is available since 1955; summaries of a 
number of population ratios such as cow:calf ratios and 
sex ratios are summarized for CA 6, CA 7 and CA 14 in 
Tables W33 to W35. In all three counts areas, the 
number of rna 1 es per 100 fern a 1 es has dec 1 i ned 
substantially s1nce 19!)5. Similar declines in the 
number of small (presumably young) moose, calves and 
twin calves per 100 females also have been observed. 
These consistent declines suggest that moose 
productivity in the upper Susitna valley has declined 
over the past 25 years. Recent dec 1 i nes in 
productlvity have been attributed largely to brown bear 
predation of young calves (Ballard and Spraker 1979, 
Ballard et al. 1980, Ballard et al. 1981); 

Lower Susitna Basin. Information on the sex and age 
composition of moose in the lower Susitna basin was 
obta1ned dur1ng the surveys described earlier for popu
lation estimates. Because composition surveys in the 
upper Susitna basin only included information during 
the late fall of each year, only sex and age composi
tion data from the first survey in the lower Susitna 
basin (9-10 December 1981) wi 11 be considered (Table 
W36). Males tended to be less abundant than females 
and with the exception of Zone I II (Montana Creek to 
the Yentna River), numbers of male moose per 100 
females did not appear to differ greatly among zones. 
The estimates shown, however, may not be accurate 
because some antlerless males may have been classified 
as females. Comparisons of the number of calves per 
100 females for the lower Susitna basin (48.8) and the 
upper Susitna basin (32.2; based on estimates from the 
census surveys) suggest that moose populations in the 
lower Susitna basin may be slightly more productive 
than moose in the upper basin. 
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. Mortality Factors 

Moose populations in several areas of Alaska, including 
GMU 13 (which includes part of the upper Susitna basin) 
have undergone population declines in recent years 
(Mcilroy 1976). A series of several severe winters 
during the 1970 1 S was believed to have resulted in 
these declines, and low annual recruitment associated 
primarily with poor calf survival prior to November has 
been suggested as the predominant factor maintaining 
these populations at low levels (Ballard et al. 1980). 
Predation of moose ca I ves by wo I ves and brown bear is 
believed to be the most important factor contributing 
to low calf survival. Other factors such as decreasing 
range quality, low bull :cow ratios, and peri odic severe 
winters are thought to be less important influences on 
calf survival (Mcilroy 1974). 

Intensive studies of moose populations in the Nelchina 
River basin were undertaken by the Alaska Department of 
Fish and game during the mid-1970 1 s to determine which 
factors were most important in determining calf survi
val. Studies by Van Ballenberghe (1978) and Ballard 
and Taylor (1978) suggested that bull:cow ratios were 
not a major influence on population productivity. 
Several measures of physical condition of moose also 
suggested that moose in the Nelchina basin were in good 
physical condition and that deteriorating range condi
tions were not a problem (Franzmann and LeResche 1978). 
Furthermore, artificial reductions in wolf populations' 
resulted in no large increases in calf survival sugges
ting that although moose were an important component of 
wolves 1 diets, wolf predation on moose was not a major 
factor in declining productivity (Ballard and Spraker 
1979). What became apparent, however, was that brown 
bear predation of young moose calves was a major source 
of calf mortality (Ballard and Taylor 1978, Spraker and 
Ballard 1979). A recent study of moose calf mortality 
in the Nelchina basin (Ballard et al. 1980) showed that 
of 136 calves radio-collared shortly after parturition, 
55 percent died of natural causes by the following 
November. Brown bear predation of moose calves 
accounted for 79 percent of the natural deaths. 

Mortality of newborn moose calves in the upper Susitna 
basin during 1980 and 1981 was high. By 1 August 1980, 
23 {77%) of the calves were missing. Rates of 1980 
calf loss were compared with those observed in 1977 and 
1978 (Figure W8). Although causes of moose calf mor
tality were not determined in 1980, the pattern of loss 
was quite similar to that observed in GMU 13 during 
1977 and 1978 where predation by brown bear accounted 
for a high proportion of the natural calf deaths 
(Ballard et al. 1981). 
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Calf mortality was not directly monitored during 1981 
but ·indices of calf product1on suggest that brown bear 
predat1on may again have accounted for a large propor
tion of the natural deaths. Of the 46 sexually mature 
cow moose wh1ch could have produced calves, only 20 
(43.5%) were observed with calves; four (20%) produced 
twins .. The calving rate for known producers was 1.2 
calves/cow. Of the 24 known calves, 14 (58.3%) were 
miss1ng by 2S July. Th1s pattern of calt. loss is again 
quite similar to that of 1977, 1978, and 1980. when 
predation by bears accounted for most of the losses. 

Although predation by brown bears does appear to be the 
major cause of calf moose mortality during the summer 
and fall periods, winter severity is likely an impor
tant factor in determining productivity and survlVal. 
B a I I ard et a I. ( 1981) found that snow depths from the 
Monahan Flats area was significantly correlated with 

·subsequent fall calt·:cow ratios in CA 3 of GMU 13. 
During the period from 1970 to 1978, 45 percent of the 
variation in cow:calf ratios could be attributed to 
snow depth. Assuming that snow depths are an adequate 
index of w1nter sever1ty, the strong relationship 
between cow: calf ratios and snow depths s~ggest that 
over-winter conditions and their influence on the con
dition of pregnant cows are an important factor in 
determining calf survival, and hence, population pro
ductivity. As discussed earlier, winters during the 
two years. of study of moose popu I at 1 ons 1 n the upper 
Sus1tna valley have been mil d. Consequently, it has 
not been possible to obtain site-specific information 
on the influence of severe winter conditions on popula
tion productivity, habitat use, or browse utilization. 

Information on mortality rates of adult moose in the 
Susitna basin is limited. Ballard and Taylor (1980) 
exam1ned morta11ty rates of adult females based on the 
loss of radio-tagged cows in the upper Susitna basin 
during 19/6- 19/S. Dunng the three-year study they 
estimated that annual adult cow mortality averaged 6 
percent. 

Because only two years of data from ongoing moose 
studies in the lower Susitna basin is available, infor
mation on natural morta11ty is limited. During 
population censuses conducted during December 1981, 
January 1982 and February 19S2, the percentage of 
calves 1n the population declined consistently. It is 
not know, however, if the decline in the percentage of 
calves was the result of calf mortality or redistribu
tion of age and sex classes of moose in the study area 
(e.g., an 1nflux of older animals from adjacent winter
ing areas). No instances of predation of calves or 
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adu It moose were observed dunng 1981 or early 1982. 
Modafferi (1982} suggests, however, that most predation 
which does occur in the lower Susitna basin is probably 
attributable to brown bears and black bears. Both 
spec1es ot bear occur throughout the lower Susltna 
basin, whereas wolves, another major predator of some 
moose populations, are rare. 

Dispersal 

Limited evidence obtained during the radio-tracking 
program suggest that young moose from the upper Susitna 
basin may disperse into other major drain ages in the 
region. One male calf was observed to move 75 km from 
Swimming Bear Lake to Coal Lake. Another .male calf 
moved from near the mouth of Watana Creek to the upper 
reaches of W1 ndy and Clearwater creeks north of the 
Denali Highway. 

This information suggests that moose populations in 
other drainages removed from the Sus itna drainage may 
be partly dependent on the immigration of Sus1tna 
moose. Information on population sizes in the Susitna 
basin during 1980 and 1981 similarly suggest that a 
portion of the 1ncrease in numbers of adult moose may 
have been the result of immigration from other areas. 
During 1980, 178 calves and 766 adults were observed in 
CA 7. In 1981, a total of 1006 adults were observed. 
Even 1f all of the 1980 calves had survived (which is 
unlikely), the increase is 21.1 percent greater than 
expected. Although sampling errors might account for a 
major portion of this difference, immigration from 
adjacent areas may partly explain this increase in 
adult moose. 

Evidence from moose studies in areas adjacent to the 
lower Sus1tna bas1n suggest that the lower Susitna 
population is discrete from those in adjacent drain
ages. Moose tagging studies in the Matanuska River 
val ley (Rausch 1971} and in the Peter-Dutch Hills 
(Didrickson and Taylor 1978} found that emigration from 
these areas to the Susitna basin was extremely low to 
n i 1. Recent studies of moose in the 1 ower Sus itna 
bas1n (Modatferl 1982) have not yet obtained sufficent 
data to adequately examine dispersal of moose from the 
reg1on. 

(11) Caribou 

Caribou in the area affected by the proposed Susitna hydro
electric project are members of the Nelchina herd. This 
herd, one of 22 herds in Alaska (Davis 1978), is important 
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to sport and subsistence hunters because of its size and 
proximity to population centers in southcentral Alaska. 
Currently, the Nelchina herd contains about 21,000 animals 
(approximately 6% of the total statewide caribou population 
of325,000). 

Despite the great interest by hunters in harvesting 
Nelchina caribou {6,662 applications for 1600 permits in 
1981), the range remains relatively inaccessible. Human 
development is largely limited to the peripheries and con
Slsts primarily of the Alaska Railroad, Parks Highway, 
Denali Highway, Richardson Highway, Trans-Alaska Pipeline, 
and Glenn Highway. 

Caribou studies for the Susitna project were conducted by 
Pitcher (1982). All data 1n thls section not otherwise 
cited were obtained from that source. 

- Distribution and Movement Patterns 

The Nelchina herd occupies an area of approximately 
51,800 km2 bounded by four mountain ranges: the Alaska 
Range to the north, the Wrangell Mountains on the east, 
the Chugach Mounta1 ns to the south, and the Ta 1 keetna 
Mountains to the west (Hemming 1971). The Nelchina range 
contains a variety of hab1tats, from spruce-covered low
lands to steep, barren mountains. 

The Nelchina herd has been studied by the U.S. Fish and 
Wildlife Service since 1948, and by the Alaska Department 
of Fish and Game. Uunng th1s t1me, 1t has remained 
essentially within the area outlined above; however, with 
the exception of the calving area, seasonal use of parti
cular areas has varied. 

Early records indicate that the herd wintered (January to 
March) in the upper Nenana River area in the early 1930•s 
and in the Talkeetna Mountains in the late 1930•s (Skoog 
1968). From l9~U - 1955 the herd wintered from the 
L1ttle Nelchina River and Glennallen Highway north 
through the Lake Lou1se flats to the Denali Highway. As 
the herd increased in size through the later 1950•s and 
early 1960•s, its winter range also increased in size, 
encompassing the upper Nenana River area, Monahan flats, 
Talkeetna Mounta1ns and extending east across the 
Richardson Highway (Hemming 1971). The most recent 
studies, of radio- collared caribou in 1981 and 1982, 
1ndicate that the main portion of the herd wintered (1) 
on the Lake Louise flats and the middle· portion of the 
Gakona and Chistochina River drainages, and (2) in the 
western foothllls at the Alphabet Hills, areas distant 
from the proposed impoundment {Pitcher 1982 pers. 
comm.). 

S i nee 1949, the first year for which records are avai 1-
able, Nelchina caribou have utilized an area of about 
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1,000 mi2 in the northern Talkeetna, l~ountains for calv
ing (Skoog 1968, Hemming 1971, Bas 1974). Although the 
precise areas used have varied, calving has taken place 
between Fog Lakes and the Little Nelchina River between 
about 3,000 and 4,500 feet elevation. The only devia
tions have been during years with extremely heavy snow 
accumulations when some calving took place during the 
migration to the traditional calving grounds (Lentfer 
1965, Skoog 1968, Bas 1973). In 1980 and 1981 calving 
took p 1 ace between May 15 and June 10 in the drainages of 
Kosina Creek, Goose Creek, Black River and Oshetna River 
(Figure W9) (Pitcher 1982). 

The primary migratory route in 1980 and 1981 from winter 
range on the Lake Louise flats to the calving grounds in 
the eastern Ta ·1 keetna Mountains was westward across the 
f 1 ats from Crosswind Lake and Lake Louise into the 
Talkeetna Mountains on a front from Lone Butte to Kosina 
Creek. 

It appeared that many animals used the frozen Susitna 
River between the Oshetna River and Kosi na Creek as a 
travel route in the spring of 1981. In the spring of 
1980 one radio-collared animal, and presumably also a 
sma 1 ·1 portion of the main herd, moved south and crossed 
the Susitna River near the mouth of Deadman Creek. Many 
animals historically used this route to the calving 
grounds after wintering in upper Susitna-Nenana drainages 
(Skoog 1968). 

During spring migration and calving there is some segre
gation of sex and age groups. Although yearlings and 
barren cows lag somewhat behind parturient cows, they 
also move to the calving area, remaining scattered along 
its periphery (Skoog 1968). Radio-collared Nelchina 
bulls were found in a wide variety of locations, mostly 
in transit to summer ranges during calving in 1980 and 
1981 (Pitcher 1982). 

Historically, the female-calf segment of the Nelchina 
herd has summered primarily in two areas: the eastern 
Talkeetna Mountains and across the Susitna River in the 
Brushkana, Butte, Deadman, Watana, Jay, and Coal creeks 
complex (Skoog 1968, Hemming 1971). In most years 
between 1950 and 1973, varying proportions of the female
calf segment (ranging from 0-100%) crossed the Susitna 
River from the calving grounds to the summer range on the 
north Slde at the river. The female-calf segment of the 
Nelchina herd spent the summer period (June 11 through 
Ju 1 y 31) of both 1980 and 1981 in the northern and 
eastern slopes of the Ta 1 keetna Mountains. Summering 
radio-call ared males were found in many locations in the 
high country of the Nelchina basin. 
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In both 1980 and 1981, autumn (August 1 through September 
31) was a time of considerable movement and dispersal by 
both cows and bulls. Compared to the obvious segregation 
in June and July, it appeared that considerable mingling 
of the sexes occurred. In mid-to 1 ate August 1980 a 
portion of the main summering concentrations moved out of 
the Talkeetna Mountains onto the western portion of the 
Lake Louise flats, and in some cases, into the Alphabet 
Hills. Through September, the distribution remained 
relatively stable, with the main herd divided between the 
northeastern Talkeetna Mountains, the Lake Louise flats, 
and the Alphabet Hills. 

H1storically, Nelchina caribou have rutted in a number of 
locations; however, the Lake Louise flats and the eastern 
Talkeetna Mountains have been the most widely used. The 
Deadman Lake area was also used extensively during the 
rut in many of the years when major segments of the herd 
summered in the area. During both 1980 and 1981, consi
derab 1 e movement from west to east occurred during the 
rut. In both years, a portion of the herd was in the 
eastern foothills of the Talkeetna Mountains in early 
October, but by mid-October, most anima 1 s were on the 
northern Lake Louise flats. In 1980, a small group 
remained in the Slide Mountain area. In 1981, on the 
other hand, a third to a half of the herd had crossed the 
Richardson Highway and Trans-Alaska Pipeline by 10 
October. 

- Subherds 

Eide (1980) suspected that subherds with separate calving 
areas existed in several areas of the Nelchina range. He 
based this conjecture on reports of sightings of groups 
with young calves in these locations during all seasons 
including the calving period. Locations of these pos
sible subherds were the Watana Creek Hills (upper 
Sus i tna-Nenana drainages), the upper Talkeetna River, 
Chunilna Hills, Alaska Range and Gakona River. The first 
three of these suspected subherds use areas fairly close 
to the proposed impoundments and several caribou in each 
were radio-collared by Pitcher (1982). Relocations of 
these animals are shown in Figure W10. 

The resident subherd in the Upper Susitna-Nenana area 
(Figure W10) was estimated in 1981 to contain about 1000 
caribou; however, the situation is confounded by move
ments of animals from the main Nelchina herd through the 
area and by use of the area by summering bulls from the 
main herd. Pitcher (pers. comm) censused the caribou 
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population in October 1982 for the area north and west of 
the Susitna River above Gold Creek) including the Clear
water Mountains. The western and northern boundaries 
were the Parks Highway and the Alaska Range. Five days 
were required to complete the census because of periods 
of bad weather, and thus caribou movements during the 
census may have camp 1 i cated the counts. A 1 so, about 10% 
of the main Nelchina herd moved through the southeastern 
portion of the census area, further camp 1 i cat i ng the 
data. Pitcher estimated that 2500 caribou were in the 
count area, based on an actual count of 2077 caribou and 
his subjective impressions of sightability and area 
coverage. 

Dunng early May 1980, four adult females and one adult 
male were radio-collared from this subherd. One of the 
females migrated to the main Nelchina calving area, 
summered in the Talkeetna Mountains, migrated back 
through the upper Susitna-Nenana area in the fall, and 
rejoined the main Nelchina herd on the Lake Louise Flat 
during the rut and early winter. The other three females 
remained in the upper Susitna- Nenana area throughout the 
study period, producing two calves in 1980 and two in 
1981. The bull summered in the Clearwater Mountains, 
then joined the main Nelchina herd during the rut on the 
Lake Louise flats. 

The Chunilna Hills group appears to be a resident subherd 
numbering fewer than 340 animals. One radio-collared 
bull remained in the Chunilna Hills from April to 
November 1980 when it shed its collar. Two females were 
col fared in the spring of 1981, both of which subsequent
ly gave birth to calves in the area. No overlap with 
radio-collared animals from the main herd or other sub
herds was noted, although one female did move across the 
Talkeetna River. 

Small groups of caribou, including cows and calves, have 
been seen in most of the side drainages of the upper 
Talkeetna River. This· appears to be another resident 
subherd, probably of fewer than 400 animals, and having 
some spatial overlap with the main Nelchina herd. Three 
caribou in this upper Talkeetna River subherd (two adult 
females and one adult male) were collared on 18 April 
1980. These animals were relocated 50 times and were 
always found in drainages of the upper Talkeetna River or 
in the upper reaches of the nearby Chickaloon River 
(Figure W10). One female raised a calf in 1980, and both 
raised calves in 1981. The male spent the summer of 1980 
in the mountains west of the Talkeetna River. 

E-3-218 

-
~. 

-

-



-
-
''"" 

- Habitat Use 

At one time or another during their annual movements, 
Nelchina caribou probably use most of the vegetation 
types in the Susitna area. However, Pitcher (1982) found 
caribou mostly in spruce forest, shrubland, herbaceous 
vegetation types and bare substrate types, with virtually 
no use of mixed or deciduous forests. 

Nelchina caribou show considerable variation in habitat 
types used seasonally, and types used most by bulls are 
different from types used most by cows (Table W37). 
Bulls tend to use spruce forests more than cows at all 
seasons except autumn whereas cow use of tundra
herbaceous types is greater at all seasons than bull use. 
These differences are likely a reflection of the tendency 
of bulls to remain much longer in the forested wintering 
areas and to summer at lower elevations than cows (see 
Figure Wll). Use of shrubland is similar for cows and 
bulls overall but differs seasonally. Bulls tend to use 
this habitat most in summer and autumn whereas cows use 
it most during spring, calving and summer (Pitcher 
1982) . 

As mentioned, differences between bulls and cows in habi
tat use were partly related to differences in elevation. 
The sexes occurred at about the same elevations during 
autumn, the rut, and winter but females were consistently 
found at higher elevations during spring migration, calv
ing and summer {Figure Wl1). 

The food habits of caribou vary seasonally with avai 1 ab 1 e 
plant forage (Skoog 1968). In spring and summer grasses, 
sedges and the buds of willow and birch are important and 
a wide variety of forbs are eaten as they become avai 1-
able. Except during years of late snowmelt when new 
growth is slow to appear, lichens are unimportant in the 
spring diet. In late summer mushrooms are an actively 
sought, but minor diet item. During autumn browse 
becomes less important but sedges and grasses remain 
major diet items and lichens assume greater importance. 
Through the winter the diet of Nelchina caribou consists 
of about equal portions of graminoids and lichens (Skoog 
1968). 

- Population Characteristics 

The Nelchina herd was estimated to consist of about 
40,000 animals when first surveyed in 1955. Subsequently 
the herd grew to 71,000 in 1962, decreased to about 7700 
in 1973 and currently numbers about 21,000 (Table W38). 
The management p 1 an for the Ne l china herd (ADF&G 1976) 
calls for maintenance of the herd at about 20,000 adult 
anima 1 s through harvest of the annua 1 increment. 
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The sex and age composition of the Nelchina herd remained 
almost the same from fall 1980 to fall 1981. Cows and 
bulls older than one year comprised 49.1% and 29.9%, 
respective1y, of the herd in October 1981. Calves 
comprised 21.1% or 42.9 calves per hundred females one 
year and older (Pitcher 1982). The proportion of bulls 
was high compared to the proportion observed in earlier 
years, a finding that would be expected in a growing 
population that had previously had a low proportion of 
males (Bergerud 1980). 

Skoog (1968) estimated the overall pregnancy rate of 
Nelchina caribou to be 72% for females one year and older 
from 1957 to 1962. Full reproductive potential was not 
realized even in the fully adult age classes. On1y 13% 
of yearling females were pregnant compared to 61% of 
two-year-ol ds and 89% of females three years and older. 
In 1980 and 1981, th~ proportion of calves in the 
post-calving aggregations averaged about 56 ca1ves per 
100 females one year and older. These data suggest that 
considerable calf mortality occurs shortly after birth. 
Pitcher {1982 pers. comm.) estimated that calf survival 
to 11 months was 43% for 1980 calves and 60% for 1981 
calves. Survival rates for older caribou (>1 year) were 
93.5% for females and 87% for males. 

Survival rates of caribou are influenced by many factors 
including disease, parasitism, weather, accidents, food 
availability, predation and hunting. Parasitism and 
disease may kill a few caribou each year in the Nelchina 
herd but these are not major mortality factos. Wet, cold 
weather during ca1ving can result in high levels of calf, 
mortality which Skoog (1968) believed could ultimately 
control caribou population levels. This is a factor. 
however, that is more likely to affect coastal herds and 
more northerly herds than the Nelchina herd (Skoog 
1968). 

Accidents are not a major cause of mortality but deserve 
s peci a 1 mention because they are a factor that caul d be 
directly increased by the Sus itna development. Caribou 
have been observed to fall through weak ice and drown, to 
drown when unable to climb out of water flanked by 
perpendicular walls of overflow ice (especially calves), 
and to die after falling and breaking bones when travers
ing glare ice (Skoog 1968). The potential for the 
Susitna development to increase this type of mortality is 
discussed in Section 4.3(a}, (i i). 
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The major factors that are believed te control caribou 
mortality and ultimately population levels, both in 
Alaska and elsewhere, are food availailHy and predation 
(including hunting). In mainland North America the popu
latinn density of most caribou herds appears to be much 
1 ess than the maximum that the range caul d support and, · 
indeed, in many herds is much less than the range has 
historically supported (e.g., LeResche 1975, Parker 1972, 
Bergerud 1980, Table W38). Food availability in winter, 
because of snow cover, is likely to be more critical than 
availability in summer and many early workers speculated 
that declines in caribou numbers in North America in the 
early 19QO•s were caused by winter forage (mainly lichen) 
destruction by forest fires (Scatter 1967). However, 
evaluations of more rigorous analyses (e.g., Henshaw 
1968; Kelsall and Klein 1979; Klein 1967; Roby 1980; 
Bergerud 1974) show that starvation or even observable 
debilitation in caribou during winter are rare except in 
populations insulated from predators and prevented from 
dispersing to unoccupied habitats (cf. Klein 1968; 
Scheffer 1951; Leader-Williams 1980). 

Skoog (1968) believed that neither overgrazing nor fire 
had greatly affected the Ne lch ina range in the early 
19601 s. The herd was considerably lar~er than now and 
food availability is unlikely to be a major factor 
affecting survival of the present herd. 

Severa 1 authors have presented evidence that caribou 
numbers are. effectively controlled by predation. For 
example, Kelsall (1968), Parker (1972), Miller and 
Broughton (1974), and Davis et al. (1980) all report 
evidence that caribou numbers have declined as predator 
(mainly wo 1 f) numbers increased, or that caribou numbers 
have increased as predator numbers decreased. Bergerud, 
in two reviews (1974, 1980), demonstrates conyincingly 
that where capable predators (wolves, bears, lynx) are 
common and hunting by man is insignificant, caribou popu
lations are effectively regulated by predation. 

Since the introduction of firearms to North America, 
hunting has probably been the major cause of population 
declines (Bergerud 1974, Calef 1980). Calef (1980) 

·reported that in some herds in the Northwest Territories 
hunter ki 11 is in excess of annual recruitment. Doerr 
(1980) isolated excessive hunting as the primary cause of 
population declines in the Nelchina and Western Arctic 
herds in Alaska. 
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Hunting and wolf predation probably account for about 
equal portions of the annual mortality of the present 
Nelchina herd. Table W39 shows the level of hunter 
harvest for 1972 to 1981. During that time, hunter 
harvest in years for which herd size data are available 
has varied form 1.4% to 9.6% of the herd. Hunter harvest 
was about 4% in 1981. 

Wolf predation has varied with the size of the wolf popu
lation. Skoog (1968) estimated that wolves took 1.1 -
2.6% of the herd from 1957 - 1962. More recently Ballard 
et al. (1982) estimated wolf predation rates varying from 
7 - 10% of the herd in 1973 to 2 - 3% in 1981. 

The average mortality rate for caribou one year and older 
of both sexes in 1981 was 9.8%. If Ballard et al 's 
(1982) estimate of 2 - 3% mortality applies to adults as 
well as calves (as they suggest), then wolf predation 
combined with hunter harvest (3.9% --- Table W39) account 
for 60 - 10% of the annual adult mortality in the 
Nelchina herd. 

(iii) Dall Sheep 

Dall sheep studies were conducted in the upper Susitna 
River basin during the summer of 1980, spring and summer of 
1981, and spring of 1982. The study area includes all 
drainages flowing into the Susitna River from Gold Creek to 
Kosina Creek on the south to the Denali Highway on the 
north. Survey efforts were confined to areas of known or 
suspected Dall sheep habitat within this area (Figure W12). 
(Ballard et al. 1982b). These areas contain semi-open, 
precipituous terrain, with rocky slopes, ridges, and cliffs 
(Lawson and Johnson 1982). 

- Distribution 

There are three general areas in the upper Susitna basin 
that have steep rocky slopes at sufficient elevation to 
be potential Dall sheep habitat. The first of these 
areas is north of the Susitna River between the proposed 
Devil Canyon and Watana dam sites. Aerial surveys were 
conducted in this area in the Portage Creek and Tsusena 
Creek drainages (Figure W12). The second potential site 
for Da 11 sheep was in the mountains between the Sus itna 
and Talkeetna Rivers, extending eastward from the Fog 
Lakes to Kosina Creek. The third area was north of the 
Susitna River, to the east of Watana Creek. This area 
was established as a population trend count area for Dall 
sheep by ADF&G in 1967 (Figure W12). 
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Aerial surveys to determine the seasonal distribution and 
abundance of Da 11 sheep in the areas described above were 
conducted on July 22-23, 1980~ on March 13 and 25, 1981, 
between May 13 and June 24, 1981, on July 28, 1981 and on 
March 23, 1982. The date, location, number, sex, and age 
of sheep were recorded for all sightings. 

A total of 72 sheep {7 legal rams, 12 1 ambs and 54 un
identified) were counted in the Portage Creek and Tsusena 
Creek drainages in July 1980. Four sheep were seen north 
of Portage Creek, two east of Tsusena Creek, and the 
other 66 were seen in the headwater regions of Tsusena 
Creek. The only previous ADF&G survey in this area was a 
1977 count of 91 sheep (8 legal rams, 18 lambs, 65 
others). The 1977 survey included the Jack River drain
age (north of Tsusena Creek), which was not surveyed in 
1980. All of the sightings were far from the proposed 
impoundments and access roads. 

During July 1980 only eight sheep (1 ram, 7 unidentified) 
were observed in the Watana Mountain-Grebe Mountain area. 
Earlier observations in 1977 suggested that at least 34 
sheep were present on Mt. Watana. Numerous observations 
of sheep in the Terrace Creek area (a southern tributary 
of Kosina Creek) have been made, but none were observed 
during the 1980 survey. 

On March 25, 1981 a winter distribution survey was con
ducted in the same area surveyed in July 1980. Twenty
two sheep were sighted and two groups of 3-4 tracks were 
seen. If data collected during the summer 1980 survey 
and this survey were representative of the sheep popu 1 a
t ion, they would indicate that sheep were migrating into 
the area during winter. All sheep observations were 
l oc at ed on the southern extreme of the count area, well 
away from the impoundment. Therefore, impacts of the 
impoundments on these sheep populations would appear to 
be minor. 

The Watana Hills area has been surveyed for Dall sheep by 
ADF&G yearly since 1967. The data from the 1980 and 1981 
surveys show the same general patterns as previous sur
veys (Table W40). The 1981 count of 209 sheep was the 
second highest number of sheep recorded for this area. 
The percentage of lambs was similar to past years, and 
suggests that productivity and survival are remaining 
constant. The small number of legal rams counted could 
reflect the rather high {13) sport. harvest taken from 
this area in 1980 (Tobey, pers. comm.). Although the 
1981 count was relatively high, it is suspected that the 
population has remained· stable or perhaps increased 
slightly. 

E-3-223 



The winter distribution of sheep in the Watana Hills area 
was surveyed in March of 1981 and 1982. Eighty-seven 
sheep were sighted in 1981, and 77 in 1982, all on south
facing slopes. Geist (1971) suggested that south-facing 
slopes are an important part of Dall sheep winter range. 
They provide maximum exposure to winter sun, and fre
quently have shallower snow than slopes with different 
aspects. Fewer sheep were observed than in the summer 
surveys, probably because of poor observability due to 
snow cover and/or movement of sheep from the area. 

Mineral licks are known to be important for Dall sheep 
and are a coiTIJlon component of spring ranges. Heimer 
(1973) suggested that they be considered a critical habi
tat requirement. The sheep in the Watana Hills area have 
been observed frequenting a mineral lick along the lower 
elevations of Jay Creek, at an elevation of about 671m. 

The Jay Creek mineral lick was overflown from May 6 
through June 24, 1980; the number, sex and age of the 
sheep recorded are shown in Table W41. Sheep were sited 
on 28 of 33 occassions (85%). The largest single group 
observed was 15, representing approximately 7 percent of 
the observed Watana Hills summer population, and approxi
mately 17 percent of the observed winter population. 

Sheep were observed frequenting other locations adjacent 
to the Jay Creek mineral site. On May 23 and 25, 1981, 
groups of 6 and 12 rams, respectively, were observed· 
scraping and eating soil on the ridge located on the east 
side of Jay Creek at an elevation of 692m, directly 
opposite the main lick area (Table ). Since only rams 
were observed on these 2 occassforis, the observation 
could represent a preferential use of certain areas by 
sex or age class. Also, on 3, 12, 13, 15, 17 and 19 of 
June, sheep of different age classes were observed at an 
area approximately 2 miles upstream from the main mineral 
area (Table ). This area also appears to be mineral-
; zed. -

In an aerial survey of summer distribution on 28 July, 
1982, no sheep were observed at the Jay Creek area. How
ever, 10 ewes and yearlings were observed actively util
izing a known mineral lick in the drainage of the east 
fork of Watana Creek, approximately 7 miles north of the 
Jay Creek site. 

The mineral lick was also visited by ADF&G biologists on 
May 9, 1981. Sheep usage of the area ranged from the Jay 
Creek streambottom {610m) to the top of the bluff (747m) 
and for an undetermined distance away from the bluff. 
Signs of heavy moose utilization were evident as well. 
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(iv) Brown Bears 

Most of the site-specific information for brown bears in 
the Susitna basin was obtained from recent studies by 
Miller and McAllister (1982). Additional site-specific 
information was obtained from studies in the upper Susitna 
and Nelchina River basins during 1979 (Miller and Ballard 
198D; Spraker et al. 1981). 

- Distribution 

Brown bears or grizzly bears (the former term will be 
used throughout this report) are widely distributed and 
abundant in most parts of A 1 ask a. Brown bears appear 
best adapted to natural, relatively open, undisturbed 
areas with good cover and an abundance of perennial suc
culent herbs and/or fruit-bearing shrubs (Mealy et a 1. 
1981). The omnivorous food habits of brown bears as well 
as their non-gregarious social structure and high degree 
of mobility allow them to utilize resources in a large 
number of habitats throughout an expansive area (Knight 
1972). Because of their opportunistic nature, brown 
bears appear to be ab 1 e to adapt to a variety of man
caused disturbances in their habitat. However, exper
ience has amply demonstrated that brown bear abundance is 
usually incompatible with human presence; resulting 
human-bear interactions commonly have resu 1 ted in the 
extermination of brown bears from settled areas through 
intensive hunting, trapping and/or poisoning programs. 

Brown bear research in the upper Susitna and Nelchina 
river basins has been ongoing since 1978 (Ballard et al. 
1980, Spraker et al. 1981). l'vlost studies were initially 
concerned with the effects of brown bear predation on 
moose but more recent studies have concentrated on all 
aspects of brown bear ecology (l'Vli ller and MeA 11 i ster 
1982). No site-specific information is available on 
brown bear in the lower Susitna basin, where their densi
ties are relatively low. Within the upper Susitna basin, 
brown bears generally are most abundant in open tundra 
habitats during most of the late spring and early fall 
periods. Many brown bears appear to utilize lower eleva
tion spruce habitats during the early spring. Current 
information suggests that brown bears in the upper 
Susitna basin are abundant and that populations are young 
and productive . 

. Seasonal Movements 

The brown bear•s omnivorous feeding habits, social 
structure, behavioral interactions and winter denn ing 
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requirements necessitate extensive movements throughout 
1 arge areas (Craighead and Mitchell 1982). It appears 
that the utilization patterns of large geographic areas 
by brown bears is largely dependent on the spatial and 
temporal availability of food. Information from anum
ber of areas in Canada and the United States suggests 
that brown bears establish traditional movements to 
exp 1 oi t dependab 1 e sources of food. Often these food 
sources are only seasonally available for short periods 
of time. Extensive traditional movements are common in 
many populations of brown bear (Pearson 1976; Reynolds 
1979; Craighead 1980). 

Based on relocations of radio-collared brown bears in 
the upper Susitna basin during 1980 and 1981, Miller 
and McAllister (1982) documented regular seasonal move
ments of brown bears that appeared to be associ a ted 
with regional and elevational differences in food 
availability. Movements of brown bears· from the upper 
Susitna basin to Prairie Creek during July and August 
were perhaps the most noteable regional movements 
observed during the study. These regu 1 ar season a 1 
movements of brown bears appeared to be associated with 
high concentrations of.spawning king salmon in Prairie 
Creek during this time of year. 

Although bad flying conditions prevented complete docu
mentation of the number of brown bears that move from 
the upper Susitna basin to Prairie Creek, local resi
dents report that high concentrations of brown bears 
occur in the area during the salmon run. Although a 
large number of animals may utilize this food source, 
it is not clear if brown bears are dependent on the 
supply of salmon. For example, moderately dense brown 
bear populations exist in the Nelchina basin without 
access to salmon (Miller and Ballard 1982). As 
suggest~d by Miller and McAllister (1982), Prairie 
Creek salmon may be an important buffer when other food 
sources such as berry crops are less available. All of 
the radi a-co 11 ared brown bears that moved to the 
Prairie Creek area had portions of their home ranges 
north of the Susitna River and therefore had to cross 
the river en route to or from Prairie Creek. 

Movements of brown bear in the early spring also 
appeared to be related to elevation and the avail
ability of new plant growth. With the exception of 
sows with cubs, it appeared that most brown bear moved 
to lower elevations on or near the Susitna River 
following emergence from over-wintering dens. This was 
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attributed to the relatively earlier melt-off of snow, 
particularly on south-facing slopes, and the subsequent 
avail ability of over-wintered berries and new p 1 ant 
growth. Carcasses of winter-killed ungulates and new
born calves in these areas also would provide food for 
brown bears. Radio locations of brown bears in the 
upper Susitna basin during the springs of 1980 and 1982 
indicated that, excluding sows with newborn cubs (which 
remained at higher elevations), 62% and 52% of the 
radio-collared animals, respectively, moved to areas on 
or adjacent to the Susitna River. Females with. new 
born cubs remained at high elevations throughout the 
year. Brown bears were at the lowest mean elevations 
during June to August. 

Although some of the regional and elevational movements 
of brown bears in the upper Susitna basin may be rela
ted to forage avai 1 ability, it has been suggested 
recently that these movements are most closely associa
ted with brown bear predation of moose and caribou 
calves (Miller and McAllister 1982). Use of lower ele
vation areas by brown bears may be directly re 1 ated to 
the greater availability of young calves there but may 
also be related to overlapping use by ungulates and 
brown bears of more readily avail able forage at these 
lower elevations. Directional movements by 4 radio
co 11 ared brown bears to and from the ca 1 vi ng grounds of 
the Nelchina caribou herd suggest that brown bears may 
move to calving areas primarily· because of the avail
ability of calves . 

• Denning 

Brown bear dens in the upper Susitna basin were on 
moderately-sloping southern exposures, and were gene
rally dug in gravelly soils either in tussock or shrub 
habitats. (Use of vegetation types for denning is dis
cussed below). None of the bears in this study re-used 
den sites. Brown bear den sites ranged in elevation 
from 710-1570 m with an average elevation of 1274 m. 

Radio-collared brown bears in the upper Susitna basin 
entered dens in early October 1980 and in late 
September-early October 1981. During the spring of 
1981, most bears emerged from their dens in late April
early May. 

- Habitat Use 

Brown bears in other areas of Alaska and northern Canada 
utilize a wide range of vegetation communities. Although 
brown bears do occupy open habitats such as tundra or 
grasslands, they appear to prefer areas in relatively 
close proximity to timbered areas (Knight 1972). 
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Habitat affinities of brown bear in the upper Susitna 
basin were based on the predominant vegetation types in 
the vicinity of each relocation of the radio-collared 
bears. Brown bear use of spruce vegetation types, which 
are concentrated around and in the proposed impoundments, 
was highest in May and June (Table W42). Bears tended to 
move to shrublands at higher elevations later in the 
summer. In winter (October-April), 71% of the observa
tions were in the 11 other" category (i.e., snow or rock). 

Comparisons of the use of vegetation types by brown bears 
during the spring and the remaining portion of the year 
indicated that brown bears used spruce forests signifi
cantly more often during the spring than during other 
times of the year (Miller and McAllister 1982). As dis
cussed earlier, sows with newborn cubs tended to remain 
at higher elevations; of 68 observations of sows with 
cubs, only 1 occurred in spruce habitats. Shrublands 
were most commonly used by sows with cubs (49 percent of 
the observations) followed by "other 11 habitats (35%), 
tundra (10%), and riparian communities {4%) . 

• Food Habits 

Studies of the feeding habits of brown bears indicate 
that the species is omnivorous, feeding on a wide range 
of plants and animals. Although plant material may 
commonly comprise a major portion of the diet, it 
appears that brown bears prefer high protein animal 
food (Craighead and Mitchell 1982). 

Based on dietary studies of brown bears in interior 
Yukon (Pearson 1976) and in Yellowstone National Park 
(Craighead and Sumner 1980), it appears that brown 
bears most commonly utilize graminoids and forbs during 
the spring and early summer. As berries and fruits 
become more available, these also are incorporated into 
the diet. Brown bears will eat carrion, if available, 
and may also kill ungulates or other large mammals. 
Small rodents such as ground squirrels are most often 
consumed during the late summer. 

As discussed earlier, brown bear are attracted to both 
natural and artificial food sources, particularly if 
food is abundant and readily available. Some brown 
bear populations traditionally form aggregations to 
feed on salmon during the major fish runs {Stornorov 
and Stokes 1972). 
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Information on the diets of brown bear in the upper 
Susitna basin is limited. Overwintering berries and 
new green shoots of grasses and forbs are consumed 
during the early spring. Winter-killed ungulates as 
well as moose and caribou calves also are eaten. King 
salmon likely comprise much of the diet during the sal
mon run in July and August. Berries such as Vaccinium 
sp. are likely consumed throughout the late summer and 
fall period. 

One of the most noteable results of the brown bear 
studies in the upper Susitna basin is recognition of 
the importance of moose calves in the spring diet of 
brown bears. Ballard et al. (1981) found that of 123 
radio-tagged moose calves, 55 percent had died of 
natural causes by November (following their birth) and 
that 79 percent of all natural mortalities were caused 
by brown bear predation. Relocations of 23 radio
collared brown bears that were intensively monitored 
(twice/d) during the spring 1978, showed that 14 of the 
23 bears regularly relocated were observed at least 
once on a moose calf kill (Ballard et al. 1981, Spraker 
et al. 1981). During the latter study, a total of 37 
c a 1 f moose, 28 adu 1 t moose, 4 un i dent i fi ed moose, 3 
caribou and 6 other species of mammals were killed by 
brown bears yielding a total of 1 kill/5.6 observation 
days (1 moose/6.3 observation days). The lower ki 11 
rate of 1 ki 11/10.2 days given by Miller and McAllister 
(1982) is probably an underestimate due to less moni
toring of radio-collared animals (compared to Ballard 
et al. 1981) and is based on only 3 moose calves, 2 
adult moose, and 3 unidentified species. 

The average home range size of male brown bears in the 
upper Susitna basin is 790 km2 (n=14); for females it 
is 316 km2 (n=19) (Miller andMcAllister 1982). 

. Home Range 

Comparisons of the home range sizes of brown bears in 
the upper Susitna basin with brown bears in other areas 
indicate that bears in the Susitna basin have relative
ly large home ranges (Table W43). Only home ranges of 
bears from northwestern Alaska (a relatively unproduc
tive population) were larger. On the basis of this 
information, Miller and McAllister (1982) suggested 
that home range size and brown bear densities are 
inverse 1 y related and that both are a function of the 
distribution and abundance of food resources. The 
1 arge home ranges of brown bears in the Susitna basin, 
therefore, may reflect relatively low primary produc
tivity of food items that are important to brown bears 
and/or a patchy distribution of important food items. 
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As discussed previously for moose, home range analyses 
are useful in assessing the number of animals that may 
be affected by the proposed impoundments. Miller and 
McAllister (1982) examined the relationships between 
the home ranges of radio-collared brown bear during 
1980-1981 and three areas that included: (1) the pro
posed impoundment, (2) a 1.6 km zone around the pro
posed impoundments, and (3) a zone occupying areas 1.6 
to 8 km from the proposed impoundments. 

The mean overlap of the home ranges of 19 brown bear 
with the impoundment was 5% (range of 0-25%), for the 
1. 6 km zone it was 15% (0-48%), and for the 8 km zone 
it was 52% (0-100%). These figures under-represent the 
actua 1 use by brown bears of the area in and adjacent 
to the impoundment area because the home range figures 
used in calculating the percent overlap are the total 
annual home ranges. Seasonal use by brown bears, par
ticularly during the spring, is more intensive. 

Analyses of the proximity of relocations to the pro
posed impoundments similarly show that brown bears 
selectively use areas that are close to the Susitna 
River, particularly during the spring period. Compari
sons of the number of bear relocations in the impound
ment areas as well as in the two 11 impact 11 zones dis
cussed earlier, indicate that use in the actual 
impoundment area was greater than expected during all 
peri ads (almost four times greater during the spring) 
and that use of the outermost zone (1.6 to 8 km) was 
less than expected (Miller and McAllister 1982). 

- Population Characteristics 

Population Size 

Brown bear population estimates are extremely difficult 
and expensive to obtain because of the wide-ranging 
behavior of most individuals and their use of some 
habitats where visibility is obscured. Crude estimates 
of population sizes may be obtained from radio-tracking 
studies of home range size. 

Miller and Ballard (1980) ca~culated a rough density 
estimate of 1 bear/41-62 km in the Susitna River 
headwaters during 1979. This estimate suggests that 
brown bear densities are intermediate between densities 
in southern and coast a 1 A 1 ask a and the Brooks range 
(T2ble W44). Based on an estimate of one bear/41 
km, the upper Susitna basin would have a population 
of approximately 206 brown bears. It was the opinion 
of Miller and McAllister (1982) that brown bear densi
ties in this area were likely to be higher than this 
estimate. 
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Population Structure 

Information on the sex and age structure of the brown 
bear population in the upper Susitna basin was avail
able from GMU 13 harvest data during 1970 to 1980, the 
1979 study of brown bears in the upper Susitna and 
Nelchina River basins (Miller and Ballard 1980), and 
from capture data from the recent brown bear study 
(Miller and McAllister 1982) (Table W45). 

The sex ratio of brown bears in the upper Susitna basin 
generally appears to be close to equality. The sex 
ratio of radio-collared animals was not representative 
of the actual population ratio because large males 
tended to loose collars more easily than females, but 
the data suggest that mortality is similar for both 
male and female adult bears. 

The age composition of brown bears captured in the 
upper Susitna basin during 1980-1981 was 19.6% cubs, 
11.8% yearlings, 12.7% two-year olds, 15.7% three- and 
four-year olds, and 39.2% adults. The moderately high 
percentages of young anima 1 s in the Susitna brown bear 
population suggest that the population is young and 
productive. The age composition observed in the 
Susitna population during 1980-1981 is very similar to 
the age structure of grizzly bears in Yellowstone 
National Park during 1959-1967, when the bear popula
tion was rapidly increasing (Craighead and Mitchell 
1982). 

. Productivity 

The mean 1 itter size for brown bears in the upper 
Susitna Basin was 2.3 (range of 1 to 3), based on nine 
1 itters of newborn cubs observed with radi a-co 11 ared 
females since 1978 (Miller and McAllister). The mean 
litter size for the basin is comparable to those in 
highly productive brown bear populations on Kodiak 
Island and on the Alaska Peninsula, and is higher than 
litter sizes in the relatively unproductive Brooks 
Range brown bears {Table W46). 

Of 10 cubs in 5 known 1 itters produced in the upper 
Susitna basin during 1981, 3 (in 3 litters) were lost 
during the summer of 1981. One of these losses may 
have been capture-related although Tait (1980) has 
suggested that abandonment of litters of single cubs 
may be an adaptive strategy for brown bears. Physical 
evidence {lactation) suggests that another bear may 
have had a litter in 1981, but cubs were never 
observed; they may have been 1 ost prior to the 
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recapture of this bear during summer 1981. Two cubs in 
a litter of 3 were lost in 1979 studies as were 2 year
lings or cubs in a litter of 3 in the same year. No 
other 1 asses from year 1 i ng or 2 year-a 1 d 1 itters were 
observed suggesting that offspring mortality is concen
trated on cub classes. Causes of cub losses have not 
been determined but predation by male brown bears is 
considered most probable. 

Comparisons of the reproductive rates of brown bears in 
the upper Susitna and Nelchina basins with reproductive 
rates of other brown bear populations indicate that the 
Susitna-Nelchina basins support some of the most pro
ductive brown bear populations in Alaska (Table W47) • 

. Dispersal 

Miller and MeAl lister (1982) believed that dispersal of 
sub-adult brown bears, both to and from the study area, 
was probably common. Several instances of dispersal by 
radio-collared brown bears were recorded. One male, 
originally tagged as a 2-year old in 1978 on the 
Susitna River north of the Denali Highway, was recap
tured and radio-call ared near Clarence Creek on the 
Susitna River. Another 2-year old male was captured 
near Deadman Creek during the spring of 1981 and moved 
downstream (88.5 km) to the vicinity of Moose Creek. 
During the fall the same animal moved back to the area 
in the vicinity of the villages of Sherman and Curry. 
The importance of dispersal in maintaining brown bear 
population levels in the Susitna River basin and in 
adjacent river drainages is not known. 

. Sport Harvest 

ADF&G harvest data for brown bear in GMU 13 are pre
sented in Table W48. From 1973-1980, harvests averaged 
64/year { 44-84). The mean age of brown bears taken 
during the period 1973-1980 has been 6.5 years (6.3 for 
males and 6.8 for females). This relatively young age 
suggests that many GMU 13 hunters are not selecting for 
1 arge trophy bears. Of 656 bears that have been har
vested and aged in GMU 13 during the period 1970-1980, 
10% were yearlings, 29% were 2 years-old or less, 41% 
were 3 years old or less, and 52% were 4 years-old or 
less (unpublished ADF&G data, cited in Miller and 
MeA 11 i ster 1982). In recent years, sport hunters have 
applied pressure to extend brown bear seasons and bag 
limits in GMU 13. This pressure has largely resulted 
from research showing that brown bears are a major pre
dator on moose calves (Ballard et al. 1980, 1981). In 
addition, Miller and Ballard (1982) suggest that there 
may be a harvestable surplus of brown bears in GMU 13. 
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( v) B 1 ack Bears 

All site-specific information on black bear populations in 
the Susitna basin was obtained from the recent study by 
Miller and McAllister (1982) during 1980-1982. Most of the 
data for 1981-82 was for the upper Susitna basin (above the 
Devi 1 Canyon dam site), but the studies now underway are 
also focusing on bears downstream of Devil Canyon. 

- Distribution 

Black bears are the most common and widely distributed of 
the three bear species in North America. They occur in 
most areas of Alaska as far north as the Brooks Range. 
Black bears are highly adaptable and are able to utilize 
a wide variety of habitats. Like brown bears, they are 
omnivores and their ranges and diet respond to regional 
and temporal changes in food availability. Prime black 
bear habitat can be generally characterized by relatively 
inaccessible forested terrain, thick understory vegeta
tion and abundant sources of plant foods such as succu
lent herbs and forbs, berries, and fruits (Pelton 1982). 

Black bears appear to be moderately abundant in the upper 
Susitna basin. However, because of the 1 imited distribu
tion of suitable habitats, black bears generally occur 
only in a narrow fringe of forested habitat along the 
Susitna River. 

- Seasonal Movements 

Based on relocations of 53 radio-tagged black bears 
during 1980-81, Miller and McAllister (1982) described 
the probable seasonal movements of black bears in the 
upper Susitna basin as follows. In years of normal or 
abundant berry crops, many bears move to somewhat higher 
country adjacent to the spruce habitats along the river 
in later summer, returning to their spring and early 
summer home ranges near the river to den. Most of these 
1 ate summer movements are upstream (east) and in a north
erly direction. In years of subnormal berry crops, most 
individuals make more extensive movements, moving long 
distances upstream or downstream in search of acceptable 
foraging areas or areas where salmon are available. 
These movements occur primarily along the main Susitna 
River indicating that it is a main transportation corri
dor. Most individuals making these extensive movements 
return to their former home ranges, but some do not. In 
late summer and fall, particularly during poor berry 
years, these extensive movements of black bears may bring 
them in close contact with brown bears, possibly result
ing in increased mortality of black bears through inter
specific predation. 
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Females with newborn cubs are exceptions to this general 
pattern of seasonal movements. Females with cubs make 
less extensive movements than other bears regardless of 
the berry crop. 

- Denning 

Distributions of den sites of black bears in the Susitna 
basin indicate that dens occur most commonly in steep 
terrain along the main Susitna River and its tributaries. 
However, the band of acceptable denning habitat appears 
to become narrower and more confined in upstream areas 
where dens are restricted to the immediate vicinity of 
the Susitna River. 

Black bear dens in the Susitna basin were generally 
located on moderately-sloping hillsides; the mean slope 
of 15 dens located during 1980-1981 was 36 o (range of 
18°-53°}. Half of the dens were located on south-facing 
slopes; the remainder were on east- to north-facing 
slopes. 

Black bears in the upper Susitna basin generally denned 
at elevations between 457 m and 762 m. Of 16 den sites 
found in the vicinity of the proposed Devil Canyon 
impoundment, only one den was below the maximum impound
ment level of 442 m; the average elevation of these 16 
dens was 663.9 m (range 454- 1322.8 m). Of the 13 den 
sites found in the vicinity of the proosed Watana 
impoundment, 9 would apparently be flooded at an impound
ment elevation of 671 m; the average elevation of these 
13 dens was 664 m (range 549- 838 m). Two black bears 
denned downstream of the Devil Canyon site during 1981. 

Of the 14 dens located during 1980-1981, 8 were in 
natural cavities and 6 were excavated. All of the dens 
in natural cavities and one of the excavated dens had 
been re-used during the winter of 1980-1981 and four of 
the dens were used again during the winter of 1981-1982. 
In contrast, black bears on the Kenai Peninsula were 
found to rarely re-use dens during successive years 
(Schwartz and Franzmann 1981). Miller and McAllister 
(1982) suggest that the relatively high re-use of dens by 
black bears in the Susitna basin may indicate a scarcity 
of acceptable den sites and/or habituation. 

Radio-call ared black bears in the upper Susitna basin 
entered dens in mid-September to mid-October 1980 and 
exited dens in early April to mid-May 1981. During the 
fall 1981, black bears entered dens about two weeks 
earlier than in the fall 1980, probably as a result of 
the 1981 berry crop failure (Miller and McAllister 
1982). 
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Habitat Use 

Habitat use by black bears in the upper Susitna basin 
appears to be simi 1 ar to genera 1 use patterns reported 
elsewhere in North America, where black bears most com
monly inhabit forested areas with dense understory vege
tation (Jonkel and Cowan 1971, Fuller and Keith 1980). 
Of 908 aerial observations in the Susitna basin, black 
bears were most often 1 ocated in shrub land ( 42.7% of 
observations), and spruce (39.4%) habitats (Table W49). 
Use of spruce habitats remained high throughout the year 
but was much less prevalent during the SIJmrner months. 
During August, black bear were often present in shrubland 
habitats adjacent to the spruce forests. This use of 
shrub 1 and areas was thought to be related to season a 1 
increases in the availability of ripening berries. Use 
of spruce habitats appeared to differ among rna 1 e and 
female bears; of 126 locations of female bears during the 
summer period, 43% occurred in spruce habitats, whereas 
of 125 locations of males, only 30% occurred in spruce 
habitats. 

An examination of habitat use by black bears within the 
proposed impoundment area for the Watana dam showed that 
deciduous forests and shrublands were used significantly 
more often than expected. Other habitat types were used 
approximately in proportion to their availability. In 
the deciduous forest cover type, closed birch and open 
birch forests accounted for a 11 of the locations. Simi
lar habitat associations were observed in black bear pop
ulations in northern Alberta (Fuller and Keith 1980}. A 
1 arge proportion of birch forest types in the upper 
Susitna basin wi 11 be flooded by the proposed Watana 
impoundment. 

- Food Habits 

Throughout their range in North America, b 1 ac.k bears 
consume primari 1 y grasses and forbs during the spring, 
soft mast (fruits and berries) of trees and shrubs during 
the summer and a mixture of hard and soft mast during the 
fall. Only a small portion of black bear diets typically 
consist of animal matter and then primarily in the form 
of insects or carrion. Spring is generally a peri ad of 
food scarcity and bears may often subsist on remaining 
fat reserves (Rogers 1976). Prefered, high-quality foods 
of black bears are generally more abundant during the 
summer and animals develop most of their fat reserves 
during this period. 

Little site specific information is available on the 
feeding habits of black bears in the Susitna valley. 
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As discussed earl1er, Derry crops are an 1mportant com
ponent ot the late summer diet, and movement at" black 
bears 1nto shrubland haD1tat is thought to be related to 
the ava1lability of bernes in these areas. Although 
plant foods may constitute the stable diet during most at 
the year, black bears may also prey on moose calves 
during the spring (Mi Iter and lVJcAI lister 1982). Dunng 
intens1ve rad1o-mon1toring of black Dears dur1ng 2~ May -
22 June 1981, one male bear was observed on 1 calf moose 
kill and 1 adult caribou k1ll. Later in July, the same 
bear was observed on a k i 1 r of a rad1 a-co 1 1 ared adu 1 t 
moose. It is not known 1 f the bear had k 1 I led these 
animals or if it was scavenging a k1ll of .another preda
tor. The importance of ungulate predation to black bear 
populations in the upper Susitna basin is being addressed 
in ongoing studies. 

- Home Range 

During 1980, the mean home range size of 20 ~lack bears 
in the upper Susitna basin was 31 km2 (16 km2 for 10 
females and 46 km 2 for 10 mates). During 1981

2 
how

ever, the average home range size, was 218 km (20U 
km2 for 11 fern a I es and 234 km2 tor 12 rna I es). 
Although the large increase in home range s1Ze between 
years rnay be partly related to the greater number of 
observations of bears during 1981, Miller and McAllister 
(1982) suggest that the larger home ranges may reflect 
the relatively poor berry crop during 1981 and the subse
quent need for black bears to move greater distances to 
find suitable foraging areas. The observation of black 
bears north of the Dena 1 i Highway (a rare occurrence) 
during 1981 supports the suggestion that black bears made 
atypically long movements during the summer 1981 (Miller 
and MeA 11 i ster 1982). Comparisons of home range s \!es of 
b 1 ack bears on the Kenai peninsula (16. 7 km for 
females and 98 km2 males) (Schwartz and Franzmann 1981) 
with those of black bears in the Susitna area suggest 
that home ranges of black bears in the upper basin are 
1 arge. 

The proximity of black bear home ranges to the proposed 
impoundments suggest that black bear distributions are 
closely associated with lower elevation habitats along 
the Susitna River. Miller and McAllister (1982) delinea
ted two zones around the proposed impoundment areas (one 
included all areas within 1.6 km of the impoundments and 
the other included ~11 areas 1.6-8.0 km from the impound
ments) to assess the potential effects of the impound
ments and associated development on b 1 ack bear popul a
t ions. The mean overlap of 27 black bear home ranges 
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with the impoundment areas was 14% (0-45%). Overlap in 
the two adjacent zones was 50% (0-100%) and 122% (56-
195%) for the 1.6 km and the 1.6-8.0 km zones, respec
tively. 

- Population Characteristics 

• Population Size 

Miller {pers. comm.) attempted a black bear census in 
August 1982 using radio-collared bears and the Lincoln 
Index method. The study area included all black bear 
habitat in the upper basin east of High Lake; areas 
west of High Lake were not included because thick vege
tation hindered s i ghtabil i ty. Our i ng the survey 
fl i ght s , 38 b 1 ack bears were sighted of which 9 were 
marked. The population was known to contain at least 
21 marked bears, and thus an estimate of 90 bears {95% 
C I = 50-170) was derived. Miller (per s. comm. ) fe 1 t 
that this estimate was too low, and the technique will 
be repeated again in spring 1983 • 

• Productivity 

Black bear populations in the upper Susitna basin 
appear to be productive and healthy {Miller and 
McAllister 1982). This sugg.ests that although the 
Susi tna area is close to the northern 1 imit of this 
species, the habitat is adequate, even if limited in 
extent. 

Eight 1 itters with a total of 16 cubs were observed 
with radio-collared females during 1980 and 1981. Five 
of these litters were not observed until June - August 
and may have experienced some ·losses by this time. 
Because of this bias, the observed litter size of 2.0 
cubs/litter may be a slight underestimate. The 
observed litter size for 7 litters of yearling black 
bears was 1. 9. 

Litter sizes in the Susitna basin appear to be similar 
to those reported for other parts of North America. 
The mean litter size for black bears on the Kenai 
Peninsula was 1.9 cubs/1 itter (based on radio-collared 
animals) (Schwartz and Franzmann 1981). Erickson and 
Nellow (1964) reported an average litter size of 2.15 
for black bears in Michigan and 2.0 for Alaska {the 
exact locale was not identified). Jonkel and Cowan 
(1971) documented litter sizes of 1.5-1.8 cubs/1itter 
for a relatively unproductive black bear population in 
Montana over a sever a 1 year peri ad. 
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Although cub production appears to be quite high .in the 
Susitna basin, cub loss also is high. Based on only 
four litters that were observed prior to June 1981, 4 
of 9 (44%) cubs were lost. No losses of 1 itters were 
observed on the Kenai Peninsula (Schwartz and Franzmann 
1981). The high rates of cub loss in the Susitna basin 
are believed to be related to the vulnerability of cubs 
to predation by brown bears and to the relatively high 
black bear densities (and intra-specific competition 
for suitable habitats). 

Although available data are inadequate to calculate 
rates of productivity for black bear in the Susitna 
basin, Miller and McAllister (1982) suggest that, on 
the basis of available productivity indices, that the 
Susitna populations are not as productive as black bear 
on the Kenai Peninsula. This was based primarily on 
the older age of reproductive maturity in the Susitna 
basin and the high rate of cub loss . 

• Dispersal 

Dispersal of black bears from the upper Susitna basin 
may contribute to bear populations in adjacent areas. 
Dispersal of bears into the Susitna basin appears less 
1 ike ly, however, because of the apparently saturated 
nature of black bear habitat along the Susitna River 
(Miller and McAllister 1982). Several instances of 
dispersal from the study area have been documented. 
One sub-adult male was captured at Cl,ark Creek and was 
1 ater shot near Hurricane on the Parks Highway. A 
4-year old male was captured north of Susitna River and 
was 1 ater shot in an area 72 km to the south. Three 
adult black bears moved downstream from the upper 
Susitna valley to areas downstream of the Devi 1 Canyon 
dam site. Two of these bears denned in the downstream 
areas • 

. Sport Harvest 

Based on A 1 ask a Department of Fish and Game records for 
the 1973-1980 peri ad, b 1 ack bear harvests for GMU 13 
averaged 56/year (ranges 45-85) during a 365 day season 
with a bag limit of 3 bears (cubs and females with cubs 
excluded from legal bag limit) {Table W50). Males have 
constituted 74% of spring harvests and 65% of fall 
harvests. Most of the harvest {74%), occurs in the 
fall season when bears are taken incidental to moose or 
caribou hunts. 
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1ne currerit hatvest is well below the sustainable har
vest 1 evel. At present it appears that few hunters 
sufficiently prize black bear meat or pelts from GMU 13 
to charter an aircraft to hunt off the road system; 
only 35% of the hunters taking black bear during 1973-
1980 recorded aircraft as their primary means of trans
portation (Table W50). However, it is probable that 
the increasingly restrictive seasons and conditions for 
moose and caribou hunting in GMU 13 wi 11 result in 
increased black bear hunting in this area, especially 
as more hunters become aware of the existence of sub
stantial black bear populations in the unit. 

Recorded black bear harvests in the Susitna study area 
during 1973-1980 average 8/year (a range of 1-15). In 
general, black bear harvests have been increasing in 
recent years with the largest recorded annual take 
occu~ring in 1980. The largest harvests have occurred 
in the downstream region of the Sus itna River between 
the Talkeetna and Indian Rivers, the only portion of 
the study area currently accessible by river boat or 
highway vehicle. Improved access for highway vehicles 
and boats resulting from access routes open to the pub
lic will doubtless increase sport harvests in the study 
area. In downstream portions of the Susitna River, 
increased hunting is not anticipated to have signifi
cant impacts on black bear populations. However, up
stream of Devil Creek, where acceptable black bear 
habitat is highly constricted along the main Susitna 
River carr i dar, increased hunting wi 11 1 ike 1 y reduce 
and could eliminate black bear populations. 

Wolves 

Wolves in GMU 13 have been the focus of many studies and a 
subject of controversy for over 30 years (Ballard 1981). 
The history of GMU 13 wolves between 1957-1968 is summar
ized by Rausch (1969). From 1948-1953, poisioning and 
aerial shooting by the federal government reduced wolf pop
ulations to low levels. By 1953, only 12 wolves were esti
mated to remain in the basin. The population expanded and 
peaked at 400-450 by 1965 when federal predator control 
efforts were curtailed (Rausch 1969). Moose populations 
declined to low levels in the area, stimulating a series of 
predator-prey interaction investigations beginning in 1975 
(Stephenson 1978, Ballard and Spralcer 1979, Ballard and 
Taylor 1980, Ballard et al, 1980, Ballard et al. 1981a, b). 
Wolf contra 1 efforts were renewed in 1976-1978, but by 
1980, the wolf population had returned to pre-control 
levels (Ballard 1980). Recent data on wolf distribution, 
habitat use, population characteristics, and detailed his
tories of individual wolves and their packs, are provided 
by Ballard et al. (1982c). 
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Distribution 

At 1 east 19 wo 1 f packs were known or suspected to be 
utilizing the Susitna basin in 1980 - 1981 (Figure W13). 
At least six and possibly seven of these packs would be 
directly affected by the Susitna impoundment and addi
tional packs would likely be affected by borrow pits, 
access roads, campsites, and other facilities. 

Individual wolf packs have established territories which, 
as indicated in Figure W13, overlap little with adjacent 
packs (Ballard et al. 1982c). However, due to the large 
harvest of wolves in this area, packs are periodically 
eliminated and areas with no wolves exist for varying 
peri ads of time until new packs are formed by anima 1 s 
dispersing from adjacent areas. Ba 11 ard et a 1. ( 1982c) 
provided detailed histories of pack formation, membership 
changes, and disintegration for 6 packs, beginning as 
early as 1977. This data indicates that pack territories 
appear to be more stable than membership (i.e., that a 
pack is defined by the area it defends rather than its 
size or individual members). This may be the direct 
result of the destabilizing influence of heavy and 
extended hunting and trapping and the removal of key 
individuals from pack structure. 

During the summer, activities of packs containing breed
ing adults are centered on den and rendezvous sites, the 
1 atter being above-ground sites where the pups p 1 ay and 
are fed from the time they are about 2 months old. Figure 
W 14 shows the 1 a cations of known dens and rendezvous 
sites in the Susitna development area. Dens are general
ly but not always roughly centered within the packs's 
territory and are frequently used for more than one year. 
Average distance between 35 dens in the Susitna and adja
cent areas was computed to be 45.3 km (Ballard et al. 
1982c), a distance which compares well with 40.2 km 
observed in the Brooks Range of Alaska (Stephenson and 
Johnson 1973). None of the known den or rendezvous sites 
in the Susitna basin wi 11 be inundated by the impund
ments, but both den and rendezvous sites that have not 
been located probably exist in the western portions of 
the Susitna basin. 

- Habitat use 

Habitats used by wolves vary widely (Paradiso and Nowak 
1982) and in any particular area are probably determined 
largely by the habitat of their major prey. In the 
Susitna basin, detailed data on habitat use is avai 1 able 
only for the Watana pack during the April to November 
period. This pack used a wide variety of habitats but 
was most frequently encountered in shrub and spruce habi
t at types ( Ba 11 ard et a l. 1982c) . 
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Wolf dens in the Susitna area are mostly old red fox dens 
taken over and dug out by wo 1 ves. The majority are 
located on slightly elevated sandy areas providing good 
drainage. Entrance ho 1 es face predominantly south or 
east. Both dens and rendezvous sites have been found in 
a variety of habitats. Overstory trees or shrubs at den 
sites include spruce, aspen, balsam poplar, paper birch 
and willow in densities ranging from 90% cover to very 
sparse (Ballard et al. l982c). 

- Food Habitats 

Food habits of wolves in the Susitna area were studied by 
both direct observation of kills and analysis of scats 
co 11 ected at den and rendezvous sites ( Ba 11 ard et a 1. 
1982c). The former method covers all seasons whereas the 
latter shows only summer food habits. 

During 1980 and 1981, six radio-collared wolf packs were 
observed on 83 kills. Moose comprised 57% of the kills, 
whereas caribou comprised 33%. Other prey, such as snow
shoe hare, beaver, muskrat, and other small mammals made 
up the remaining percentage of kills. Calves accounted 
for 51% of the moose kills, and comprised 7% of kills of 
caribou. 

Table W51 summarizes wolf summer food habits as deter
mined from analyses of scats collected at den and ren
dezvous sites during 1980 and 1981. Moose of all ages 
were the most important summer food items during both 
years of study. However, Ballard et al. (1982c) suspect
ed that the importance of calf moose was probably over
emphasized by these data. 

Predation rates in the Susitna area have been estimated 
to average one kill per pack every 5 days (Ballard et al. 
1982c). Rates vary somewhat with pack size (Ballard et 
al. 198lb) but do not appear to vary seasonally (Ballard 
et al. 1982c) as has been suggested for some areas 
(Peterson 1980). 

Studies of wolf food habits in the eastern Susitna basin 
and adjacent areas since 1975 have suggested that moose 
are the single most important food item (Ballard et al. 
198lb). Adult moose are taken selectively from August 
through December while short and long yearling moose com
prised a disproportionate number of January to July 
kills. Wolves take relatively healthy moose in winter. 
Ballard et al. (198lb) found that during severe winters 
adult moose were taken in proportion to their representa
tion in the popu 1 at ion but in average and mi 1 d winters 
disproportionate numbers of older adults were taken. 
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The annual percentage of observed wolf kills of caribou 
has varied from 4% to 30% from 1975 to 1981. Excluding 
1978, when the main body of the Nelchina caribou herd 
wintered in the Wrangel I Mountains and thus were largely 
unavailable during winter, the importance of caribou in 
the diet of Susitna basin wolves appears to have 
increased. (Wolf diet averaged 18% caribou for 1975 
through 1977 in comparison to 26% caribou for 1979 
through 1981). Some of the annual difference in percen
tage of occurrence of caribou could be attributed to the 
difference in the locations of wolf packs studied during 
these time periods in relation to distribution of cari
bou. Caribou distribution, however, is probably related 
to their density (Skoog 1968). The Nelchina herd reached 
a record low of approximately 7,500 in 1972. Since that 
time the popu 1 at ion has increased so that by 1981 the 
herd numbered over 20,000. It is suspected that the 
increase in the caribou population generally has made 
caribou more available to wolves throughout the eastern 
Susitna basin and adjacent areas. If true, this pattern 
would suggest that if the herd grows even larger, caribou 
would also become more important as wolf prey. Assuming 
wolf poulations in this area increase slightly or remain 
stable, a 1 arger caribou population may have some posi
tive benefits for moose, in that a 1 arger percentage of 
the kills may be comprised of caribou, relieving the 
moose population of some predation mortality. 

- Home Range 

Each of the six wolf packs in the Susitna basin studied 
by Ballard et al. (1982c) maintained a circumscribed home 
range during the period that the pack existed as a stable 
unit. Wolf packs in this area occasionally defend their 
territories against other wolves, although intrusions 
into a neighboring territory often occur when the ·home 
pack is not using that portion of the area. Observed 
pack home ranges varied in size from 943 km2 to 2514 
km~ and averaged 1412 km2. 

- Population Characteristics 

Wolves in the Susitna basin are heavily hunted and were 
also subject to an intensive harvest effort by Alaska 
Department of Fish and Game from 1975 to 1978. This 
harvest was an attempt to experimentally mani pu 1 ate moose 
numbers by reducing predation. Whether the population 
was at a low level in 1980- 1981, when detailed studies 
related to the Susitna project began, is unknown. The 
population in the Susitna basin in 1980-1981 was stable 
ranging from about 40 in spring after the hunt'ing/ 
trapping season to about 75 in fall when the pups join 
the hunting adults (Table W52). 
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Although there has been much speculation, there is little 
agreement on the factors that control wolf populations. 
Van Ballenberghe et al. (1975) believed that pack den
sity, prey abundance and degree of exploitation varied so 
much among populations that the combination of factors 
controlling one population might be quite different from 
those controlling another. In the Susitna basin, how
ever, human exploitation is quite clearly the most impor
tant factor. In 1981 and 1982, almost half the fall pop
ulation was removed through legal and illegal winter 
hunting. Including wolves taken during the wolf control 
program from 1975 to 1978, the average yearly harvest 
from the Susitna basin and areas immediately adjacent 
(Game Management Units 13A, 138 and 13E) averaged 38 and 
ranged from 26 to 68. Additional wolves were probably 
taken illegally in each year (Ballard et al. 1982c). 

Although there are few specific data, the maintenance of 
these hi~h levels of harvest suggest high productivity in 
the population. Ballard et al. (1982c) do not report 
average litter size for the packs they studied, but their 
remarks suggest that 6 - 8 pups were produced yearly by 
each pack. High productivity, both in terms of propor
tion of adult females that whelp and litter size, have 
been demonstrated in other exploited populations in both 
Alaska and elsewhere (Rausch 1967, Van Ballenberghe et 
al. 1975). 

The large numbers of pups produced each year results in a 
large population of young wolves likely to disperse to 
other areas. Ballard et al. (1982c) give numerous 
examples of radio-collared wolves that moved from one 
pack to another within the basin, wolves that established 
new packs in vacant areas, and wolves that left the basin 
entirely. Dispersal of individuals is often preceded by 
forays away from the pack home range and may be precipi
tated by death of most of the other pack members through 
sport hunting. 

Wolverines 

The wolverine remains one of the most poorly known of the 
larger carnivores, and few scientists have attempted to 
study wo 1 veri nes in their natura 1 habitat. Van Zyll de 
Jong (1975) states that the reason for this is due to the 
species being uncommon, highly mobile, and restricted to 
the more remote and inaccessible parts of the country. 
Most wolverine studies in North America have reported on 
the species' breeding biology and other information obtain
ed from carcasses (reviewed by Rausch and Pearson 1972). 
Recent advances in radio-telemetry have resulted in studies 
of wolverine movements, habitat use, and home ranges in 
northwestern Montana (Hornocker and Hash 1981), northwest
ern Alaska (Magoun 1982), and in the upper Susitna basin 
{Gardner and Ba 11 ard 1982). 
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- Distribution and Habitat Use 

Wolverines occur throughout the Susitna basin and appear 
to show 1 ittle preference for specific habitat types 
(Figure W15}. The lack of use of specific habitats is 
most likely related to the scavenging lifestyle of this 
species which dictates seasonally long movements, a rela
tively large home range, and a solitary existence 
(Hornocker and Hash 1981). Van Zyll de Jong (1975) 
stated that 11 the wolverine's niche expla·ins the relative 
rareness of the species in the community compared to the 
efficient hunters among earn i vores that act as providers 
[of carrion], and it implies a direct relationship 
between the biomass and turnover of large herbivore popu-
1 at ions and the abundance and distribution of wolver
ines ... The wolverine's propensity for wandering far and 
wide, which increases its chances of finding widely scat
tered and immobile food, as well as its well-developed 
food-catching behavior are probably also adaptations to 
the scavenger role (Hornocker and Hash 1981). 

Food avai 1 abi 1 ity appears to be the primary factor deter
mining movements and home range sizes of wolverines 
(Hornocker and Hash 1981, Gardner and Ballard 1982). 
Breeding activity also influences the sesonal movements 
of males, and to a lesser extent, of females (Hornocker 
and Hash 1982, Magoun 1982). Temperature may also influ
ence movements; Hornocker and Hash (1981) reported that 
during the summer wolverines of both sexes moved to 
higher cooler elevations and traveled less during day
light hours. In the Susitna basin, Gardner and Ballard 
(1982} reported that changes in wolverine distribution 
occurred throughout the year, and that food availability 
probably influences these shifts. They noted a 
pronounced movement in spring, summer, and fall to higher 
elevations where arctic ground squirrels, marmots, and 
ground-nesting birds were abundant. Food is most avail
able in the spring and summer, and wolverines consume a 
wide variety of food at that time (see Wi 1 son 1982). 
Kratt (1959) found carrion, small mammals, insects and 
insect larvae, eggs, and berries in the summer diet. 
Magoun (1982) found microtines, ground squirrels, marmots 
and caribou in the spring and summer diets of wolverine 
in northwestern Alaska. 

Movements to lower elevations during winter are apparent
ly associated with the increased importance of carrion in 
the diet during the winter months. During winters of 
moderate to deep snow depths, the lower elevations along 
the Susitna River support high densities of moose 
(Ballard et al. 1982a). Also, fewer birds and small 
mammals are available at higher elevations during 
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the winter months (Kessel et al. 1982). Winter ground 
tracking indicated that wolverine were preying upon 
microtines, red squirrels, ground squirrels, and spruce 
grouse in addition to carrion (Gardner and Ballard 1982). 
Both red squi rre 1 s and spruce grouse are restr.i cted to 
forested areas, and other small mammals are also most 
abundant in coniferous and deciduous forests. 

The degree of territorialism exhibited by wolverines in 
an area appears to be related to the turnover rate of the 
wolverine population. Magoun (1982) found that female 
wolverines in an essentially unharvested population 
occupied exclusive home ranges that were overlapped by 
those of males. She did not have enough data to deter
mine if adult male home ranges overlapped. Hornocker and 
Hash (1981) stated that wolverine home ranges in north
western Montana overlapped between individuals of the 
same and opposite sex and claimed that territorial 
defense was essentially nonexistent. However, they were 
unable to establish the residency status of individuals 
in their population. Magoun (1982) reported that females 
with overlapping home ranges might be mother/daughter 
combinations, and that young males which have not yet 
dispersed might be overlapped by resident adult males. 
The data obtained on wolverines in the Susitna basin 
indicates that except for some overlap between adults and 
juveniles, individuals of the same sex occupy mutually
exclusive home ranges. The overlap of ranges shown in 
Figure W15 is due most 1 y to marta 1 ity of some of these 
animals during the studies. Hornocker and Hash (1981) 
suggested that trapping mortality in their study area, 
while not .excessive enough to reduce population size, may 
have contributed to behavioral instability within the 
population causing a breakdown in the territoral system. 
They pointed out that unexploited mountain lion popula
tions showed a highly refined system of territoriality, 
whereas exploited poulations were not territorial at all. 
Exclusive use of home ranges by same-sex adult wolverines 
in the Susitna basin and northwestern Alaska may there
fore be a reflection of relatively low trapping mortal
ity. 

- Population Characteristics 

The home range data obtained from the Susitna basin study 
and from other studies can be used to estimate the number 
of wolverine present in the upper basin. Home range 
sizes of male wolverine will be used in these calcula
tions since more data is available for males than for 
females. The average home range siz~ for 5 adult males 
1 o~ated at l ealt 5 times was 413 km , ranging from 141 
km to 628 km • These ranges were sma 11 er than th~se 

reported for males by Ma~oun (1982) (mean = 700 km ), 
but similar to the 422 km value found by Hornocker and 
Hash ( 1981) . 



If we assume that wolverine in the 16~319 km2 upper 
basin use all habitat types (including rivers, lakes, 
rock and ice), and further assume that adult male home 
ranges are mutually exclusive and contiguous, we arrive 
at an estimate of 40 adult males in the upper basin. 
Reported sex ratios of wolverine kits taken from dens and 
of fetuses do not differ from a 1:1 ratio (Pulliainen 
1968, Rausch and Pearson 1972), and therefore an est i
mated 40 adult females also occur in the upper basin. 
Accardi ng to Rausch and Pearson ( 1972) ~ the effective 
reproduction of wolverine is 2 kits/litter. Hornocker 
and Hash (1981) believed that no more than half of the 
females on their study area were reproductively active in 
each of the five years of their study, and only 53% of 
mature females trapped in the Susitna basin were repro
ductively active (Gardner and Ballard 1982). About 40 
kits are therefore added to the basin's population each 
year, resulting in a total estimate of 120 wolverines in 
the basi~. The de~sity of this population is therefore 
1/136 km (1/53 mi ) . This compares to other density 
estimates of 1/233 km2 in northwest~rn Alaska (calcu
lated from Magoun 1982), 1/65 km in northwestern 
Montana (Hornocker and Hash 1981)~ 1/207 km2 in British 
Columbia (Quick 1953), and 1/200 km2 to 1/500 km2 in 
Scandinavia (Kratt 1959). There are probably fewer than 
120 wolverines in the upper basin, since it is unlikely 
that wolverine use all areas, and emigration, immigra
tion, and trapping and natural mortality probably result 
in smaller population size. Some juveniles also occupy 
home ranges that do not overlap completely with those of 
adults. 

Trapping is probably the main cause of marta l ity among 
wolverines in the Susitna basin. A total of 27 wolverine 
were harvested from this area during 1979 - 1981; 20 
during 1979 - 1980 and 7 during 1980 - 1981. The low 
take during 1980 - 1981 was probably due to poor weather 
and snow conditions. Most trapping occurs in the acces
s i b 1 e periphery of the are a and mort a 1 ity from trapping 
is likely to increase with the construction of access 
roads into the upper Susitna basin. 

(viii) Belukha Whales 

The belukha whale is a widespread arctic and subarctic 
circumpolar species that inhabits coastal waters. In 
Alaskan waters~ two discrete stocks, a Cook Inlet-northern 
Gulf of Alaska stock and a genera 1 Bering-Chukchi -Beaufort 
stock, have been identified based on migration patterns~ 

summer concentration areas, and morphological differentia
tion (Sergeant and Brodie 1969, Murray and Fay 1979, 
Gurevich 1980). No evidence exists to indicate interchange 
between the Cook Inlet stock and the Bering Sea stock~ and 
isolation has been suggested·based on morphological differ
entiation. 
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It is specu 1 a ted that the Cook In 1 et popu 1 at ion wou 1 d 
experience some impact from the development of the Susitna 
project because of their annual concentration near the 
mouth of the Susitna River. 

- Population Characteristics 

Population estimates of the Cook Inlet stock from the 
mid-1960 1 S indicate 300-1,000 belukhas in Cook Inlet, 
with an estimate of 500 anima 1 s (K 1 i nkhart 1966) most 
accepted. More recent surveys support this estimate 
(Calkins 1979, ca·lkins, unpub. data). Schneider (1982) 
reports 300 bulukhas from direct counts in upper Cook 
Inlet on June 11 and indicates that, due to turbidity, as 
many as 2 to 3 times that many may have been present. 

- Distribution and Habitat Use 

In winter, belukhas may be found in some of the ice free 
bays in southern Cook Inlet. Some individuals apparently 
range across the northern Gulf of Alaska; sightings of 
belukhas have been reported from Shelikof Strait, Kodiak 
Island and Yakutat Bay (Fiscus, et al. 1976, Calkins and 
Pitcher 1978, Harrison and Hall 1978, Calkins 1979 and 
Calkins, unpub. data). 

Belukhas aggregate in groups from two to several hundred 
individuals in spring and summer seasons. These concen
trations have been attributed to exploitation of locally 
concentrated foods, such as anadromous fish {Tarasevich 
1960, Seargent 1962, Klinkhart 1966). They are also 
apparently associated with polygamous breeding in April 
and May, with calving (reported to occur in May through 
August in brackish lagoons), and with the subsequent 
nursing of neonates (Fay and McClung 1976, Seaman and 
Burns 1981, Fraker 1977). 

Most of the Cook Inlet population moves into upper Cook 
Inlet in spring and remains there through much of the 
summer. In spring and summer, concentrations develop 
near mouths of streams and rivers in the northern inlet. 
The 1 argest concentrations occur annually between the 
mouths of the Susitna and Beluga Rivers, sometimes 
ascending the rivers for several miles. Various species 
of smelt and salmon, both outmi grating smelt and return
ing adults, are the most likely attractants in Cook Inlet 
rivers. There has also been speculation that the mouth 
of the Susitna River is a calving and nursing area. 

E-3-247 



Aerial surveys were flown by Schneider (1982) in upper 
Cook Inlet between May 17 and August 27, 1982 to identify 
the timing and magnitude of belukha concentrations. 
Belukhas were concentrated in the inlet south of the 
Susitna River mouth from the date of the first survey 
through late June or early July, with peak numbers of 300 
animals counted on June 11. As previously mentioned, 
these counts may be one-third to one-half of the actual 
numbers present. By July 8, the concentrations appeared 
to have broken up and only 7 whales were sighted in the 
Susitna to Beluga River area. 

Schneider (1982) indicates only that hooligan and king 
salmon were reported running in the rivers during the 
survey period. No estimate of the size of these runs is 
given. 

No ca 1 ves were sighted during these surveys, but 
Schneider {1982) attributes this to their low visibility 
in the turbid waters of the upper inlet and indicates 
that calves were likely present when surveys began on May 
17. 

Chickaloon Bay, to the southeast of the Susitna River 
mouth, was also identified as an intensive use area, with 
20-25 be 1 ukhas sighted there on each survey through Ju 1 y 
1. No data was presented on the number of calves seen in 
Chickaloon Bay. 

(b) Furbearers 

( i) Beavers 

Beavers are common and widely distributed throughout much 
of North America. They occur throughout the Susitna River 
drainage, from Cook Inlet upstream along the river, its 
tributaries, and ponds to elevations above 1000 m (Gipson 
et al. 1982). They are herbivorous and eat herbaceous and 
aquatic vegetation as well as the bark, twigs, and stems of 
trees and shrubs. 

The Susitna River, from Devil Canyon to the Delta Islands, 
was surveyed for beaver sign in summer 1980 by Gipson et 
a 1. ( 1982}. Use of the river by beavers increased pro
gressively downstream from Devil Canyon. An overflight of 
the river in the summer of 1981 and intensive surveys in 
1982 confirmed this observation. No beaver lodges, food 
caches, or dens have been observed within the active flood
plain between the Tyone River and Devil Canyon, but they do 
occur on some tributaries and lakes in the upper basin. In 
summer 1982, the river downstream of Devi 1 Canyon was 
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surveyed using a river boat, helicopter, and ground surveys 
to determine beaver habitat preferences, lodge construction 
materia 1 s, and forage plants. Preferred food sources were 
willow (particularly feltleaf willow), balsam poplar, and 
paper birch. Alder was the primary material for lodge con
struction but was rarely found eaten (peeled). Peeled 
birch, poplar and willow were also used for construction. 

The Susitna River between the Deshka River and Portage 
Creek was divided into three sections on the basis of river 
morphology and vegetation characteristics: lower section 
from Deshka River to Goose Creek, middle section from Goose 
Creek to Talkeetna River, and upper section from Talkeetna 
to Portage Creek. Each section was divided into linear 
miles of floodplain parallel to the main channel, and each 
sample unit was one of the mile sections from the thalweg 
to the active floodplain boundary on one side. Beaver 
habitat was classified into four categories for analysis as 
described below. Although described in terms of water 
type, habitat also included bank· characteristics, water 
sources, tree and shrub vegetation. 

- Main Channel: consisted 
associated 1 and masses. 
rocky and eroding banks 
volume flows. 

of the major river thalweg and 
Channels are characterized by 
with high velocity, and high 

Side Channel: consisted of channels which split off main 
thalweg yet which carry large volumes of water. Repre
sentative channels showed rocky banks, silty flow with 
generally high velocity. Substantial amounts of erosion 
were often associated with side channels. 

- Sloughs: lower volume and slower flow characte.rize these 
channels. Silty banks with established vegetation are 
characteristic along with reduced erosion. The water 
source is predominantly Susitna with some clear water 
mixes. A number of sloughs may only exist at normal or 
high water levels. 

Clear water: this habitat consisted of creeks, river 
runoff, and seeps which were of non-Susitna or filtered 
clear water. Slow to moderate flow, silty banks, and 
established vegetation were characteristic. 

In all sections of the river, beaver were found to prefer 
slow-moving side channels or sloughs, as well as mouths of 
tributaries (see Table W53.) Such sites increase progres
sively downstream as the river channel becomes more 
braided. Beaver in the middle and lower sections are 
reported by residents to use bank lodges which have an 
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underwater entrance and an air vent under a large tree. If 
this is the case, the 11 high 
for these sections are low, 
sign for these types of 
recorded. 

activityu values in Table W53 
since there is no detectable 
dens that would have been 

Slough and Sadlier (1977) identified the major habitat var
iables for beaver as water depth, stability, and flow rate, 
and distance to suitable food species. They found that the 
variables which correlated best with beaver population 
densities were low flow, low gradient (low erosion poten
tial), and banks containing a high percentag.e of food 
species. Results of the 1982 survey agree with their work 
as well as the findings of Boyce (1974) and Hakala (1952), 
who reported that beavers in Alaska favor lakes or slow 
moving streams bordered by subcl imax stages of shrub and 
mixed conifer-deciduous forests. The results also confirm 
a study by Retzer (1955) who found that beavers avoid large 
rivers with narrow valleys and high velocity flows. 

Aerial surveys of food caches in the fall have been shown 
to be an accurate method of determining the number of 
active beaver colonies in an area (Hay 1958, Machida 1982). 
An aerial cache survey conducted in 1982 revealed 14 beaver 
food caches in the active floodplain of the Susitna River 
between Portage Creek and Talkeetna (0.16 caches/km). Each 
cache is estimated to support five beaver (Boyce 1974), so 
the population of that stretch of the river is estimated at 
70 beavers. This is a low population density compared to a 
range of 0.35-0.40 colonies/km found elsewhere in Alaska 
(Boyce 1974), but was expected due to the scarcity of side 
channels and sloughs with slow-moving water along this 
reach of the river. Beaver densities would be much higher 
if beaver in nearby ponds and tributaries were included, 
but these areas are unlikely to be affected by the project 
and therefore were not sampled. Population estimates were 
not possible for the river south of Talkeetna, because high 
water levels had obscured or destroyed many of the existing 
caches. 

The 1982 survey also included Deadman Creek because of its 
proximity to the proposed access road. Densities of 
beavers were 0.53 active lodges/km along the middle portion 
of Deadman Creek and were even higher in a marshy section 
of upper Deadman Creek (Table W54). An estimated 65 beaver 
currently occupy this creek. 

Beaver populations are productive and can withstand mod
erate trapping pressure. First breeding occurs at age 2 or 
3, and annual litters average 3 to 4 young thereafter (Hill 
1982). Young beavers disperse during the summer of their 
third year, sometimes travelling as far as 200 km to set up 
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new lodges (Hill 1982}. Trapping for beaver has histori
cally been common along the Susitna River below Devil Can
yon, along major tributaries, and around larger lakes like 
Stephan Lake (Gipson et al. 1982). Beavers in alpine areas 
have seldom been trapped because of the effort involved. 
These populations are vulnerable to environmental altera
tion and/or overtrappi ng becaus.e of their dependence on 
small, isolated riparian habitats (Gipson et al. 1982). 

( i i) Muskrat 

Muskrats are common and widely distributed throughout most 
of North America. They occur throughout the Sus itna River 
drainage from Cook Inlet upstream along the river, its tri
butaries, and ponds to elevations above 1000 m. Muskrats 
are primarily herbivorous, with a diet that includes pond
weed and swamp horsetai 1 (Perry 1982). 

The upper Susitna basin was surveyed for muskrat signs in 
the early spring of 1980 by Gipson et al. {1982). Lakes 
within 4.8 km of the Susitna River were surveyed by heli
copter, from the confluence with the Oshetna River to Gold 
Creek. Muskrat pushups were observed on 27 (26%) of the 
102 lakes surveyed (Table W55). Most of the lakes and 
ponds with muskrat sign were above the river valley, 
between 265m and 865 min elevation. Populations of musk
rats were also noted along slow flowing sections of larger 
creeks, particularly where lakes drain into streams (Gipson 
et al. 1982). 

A downstream survey conducted by riverboat in the summer of 
1980 indicated that muskrat numbers increase with distance 
from Devil Canyon. No sign of muskrat was noted on the 
river between Devil Canyon and Talkeetna. Between 
Talkeetna and Montana Greek, sign of muskrat was limited to 
sloughs and marshy areas near the mouths of feeder streams. 
Muskrat sign was more commonly observed downstream of 
Montana Creek where numerous side channe 1 s and s 1 oughs 
occur {Gipson et al. 1982). 

Trapping for muskrats has historically been common along 
the Susitna below Devil Canyon, along major tributaries, 
including Indian River and Portage Greek, and around larger 
lakes, such as Stephan Lake. Muskrats in alpine streams 
and 1 akes have se 1 dam been trapped because of the effort 
involved. 

(iii) River Otters 

- Information concerning the distribution and abundance of 
river otters in the upper Susitna basin was obtained during 
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winter aerial and ground surveys (see Tables W56 and W57, 
and Figure W16). These data indicate that otters are com
mon along the Susitna, its tributaries to 1200 m elevation, 
and around large lakes (Gipson et al. 1982). This distri
bution is probably related to the distribution of prey of 
otters, which include primarily fish and crustaceans (Ryder 
1955, Knudson and Hale 1968, Toweill 1974, Gilbert and 
Nancekivell 1982). 

In November 1980, an unusual concentration of otter tracks 
was found on the river ice within the proposed impoundment 
areas (Gipson et al. 1982). The significance of this track 
concentration is unclear, but it may represent upriver or 
downriver movements of otters prior to freeze-up. It is 
also possible that the otters were concentrating along the 
river to feed on grayling, which were migrating out of the 
tributaries to overwinter in the Susitna. 

Some otter trails were also observed in cross-country tra
vel, away from bodies of water. Such tracks have been 
noted in other areas of southcent ra 1 A 1 ask a and may rep
resent dispersing sub-adults (Gipson et al. 1982). Local 
trappers seldom take river otters because they are rela .. 
tively difficult to trap, and the pelt values have usually 
not been high enough to justify the effort. 

(iv) Mink 

Mink are locally abundant in the upper basin along the 
river, its major tributaries to 1200 m elevation, and along 
lakeshores. Track counts from both air and ground in fall 
1980 (Tables W56 and W57) suggest that mink are more abun
dant in the upper reaches (east of Kosina Creek) of the 
impoundment area than they are elsewhere (Gipson et al. 
1982). Two mink were radio-collared in 1980, but no valu
able data were obtained because one animal slipped its 
collar and the other radio failed. Food habits of mink 
vary among areas, depending on prey availability. Small 
mammals and fish usually form the majority of the diet, but 
crustaceans and birds may also be eaten (e.g. Errington 
1954, Wilson 1954, Korschgen 1958). Muskrats may form a 
major portion of the diet where they are available 
(Hamilton 1940, Sealander 1943}. 

(v) Marten 

- Distribution 

Pine marten are common nocturnal mustelids found in 
spruce forests throughout interior A 1 ask a. They are 
locally abundant in the vicinity of the proposed Devil 
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Canyon and Watana impoundments. Data from aerial tran
sects flown in November 1980 (Gipson et al. 1982) i ndi ate 
that marten are present along the Susitna River at least 
as far downstream as Portage Creek and as far upstream as 
the Tyone River. 

- Home Range 

Gipson et al. (1982) found that home ranges of adult male 
marten were mutually exclusive and overlapped those of 
other sex/age classes. Average home ranges of 10 adult 
males were 7.02 km2. Female home ranges averaged 3.71 
(n=3), excluding one animal with an unusually shaped home 
range. Between spring and autumn 1981, some marten home 
ranges appeared to shift location and vary in size 
periodically. Marten rarely swim across rivers or large 
creeks and these often formed partial home range boun
daries in the study area. 

Home range sizes in the Susitna area are midway between 
the figure of 12.8 km2 for 4 marten in Minnesota (Mech 
and Rogers 1977) and 4.1 km2 for 5 marten in the Yukon 
Territory (Archibald 1980). Differences in home range 
sizes in different areas and seasons is attributable to 
variability of food resources (Soutiere 1978, Lensink et 
al. 1955). 

- Population Characteristics 

An estimated density of 0.147 marten per km2 was calcu
lated from radiotelemetry data on 10 adult male marten in 
the drainages of Deadman and Watana Creeks along the 
Susitna River between the creeks (Buskirk, pers. comn.). 
This estimate assumes a 1:1 sex ratio with male and 
female territories overlapping, and 65% juveniles in the 
population (a figure derived from trapper harvest data in 
the Yukon Territory by Archibald 1980). 

Information from former and present trappers indicates 
that marten continue to be economically the most impor
tant furbearer in the vicinity of the impoundment zones. 

- Habitat Use 

Track counts from a November 1980 aerial survey indicate 
that marten are most numerous in coniferous and mixed 
forest and woodland habitats below 1000 m elevation 
(Gipson et a1. 1982). The highest track counts occurred 
between Devil Creek and Vee Canyon. 
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Marten resting sites were located below ground in late 
autumn, winter, and early spring. In summer, when soil 
temperatures are lower than air temperatures, marten rest 
above ground. Summer resting sites caul d not be charac
terized due to the escape response of marten above 
ground. Thirty-one of 37 winter resting sites (83%) were 
in red squirrel middens or nests. All were in forest or 
woodland vegetation types. 

- Food Habits 

The diet of marten shows some seasonal variation but 
microtine rodents are the primary prey at all times of 
the year in interior Alaska (lensink et al. 1955). 
Microtines had an 88.8% frequency of occurrence in scats 
from the upper Susitna basin (Buskirk, pers. comm) (Table 
W58). Plant foods, such as bog blueberries, crowberries, 
mountain cranberries, and rose hips, are consumed most 
frequently in autumn, and attain an average frequency of 
occurrence of 23.3%. Bird remains were present in 9.6% 
of scats, most frequently in winter, and squirrels 
occurred in 6.8%, most frequently in spring. 

(vi) RedFoxes 

Red foxes and their sign have been observed throughout the 
upper Susitna basin including the proposed Devil Canyon and 
Watana impoundments. During 1980 and 1981, Gipson et al. 
(1982) employed radio-tracking, snow tracking, and aerial 
snow tracking to determine fox distribution, abundance, and 
habitat use. Food habits were studied from scat analysis, 
stomach content analysis, and examination of food remains 
at dens and on fox trails. Aerial surveys were conducted 
to locate fox dens and dens were surveys periodically 
throughout summer to determine use. 

- Habitat Use 

. Denning Habitats 

Nineteen fox dens were located in the upper basin 
during baseline studies in 1981 (Figure W17) (Gipson et 
al. 1982). Sixteen dens were located north of the 
Susitna River with several dens concentrated in the 
upper Watana Creek and upper Deadman Creek drainages. 
Gipson et al. (1982) report that more dens are likely 
to exist on the south side of the river, but the 
aspect, physiography, and vegetation appear more favor
able for denning and hunting on the north side. 
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Dens are typically situated on an aspect facing south 
and/or west, and on well-drained prominences up to 5 m 
above surrounding areas. Dens are a 1 so characterized 
by proximity to a 1 ake of over 4 ha or a creek. Dens 
were found between 1000 m and 1200 m elevation in areas 
of rolling hills adjacent to mountains. All active 
dens located were in or near areas of medium to high 
ground squirrel density. 

Foxes in this study area remained at den sites into 
October, much later than in other areas of Alaska (see 
Gipson et al. 1982) or elsewhere (Storm 1972, Sheldon 
1950). Foxes in the Susitna project area appear to use 
den sites throughout the winter, as evidenced by clear
; ng of snow from at 1 east one entrance of most dens 
visited during winter months. 

Foxes in the upper Susitna basin appear to prefer rela
tively high elevation areas, near or above timberline. 
81 ack spruce flats upstream from Vee Canyon are a 1 so 
commonly used. Some foxes use low elevation tributary 
deltas during autumn, then shift to alpine zones as 
snow depth and vo 1 ume of water flowing over the ice 
increase. Other foxes remain above timberline year 
round. Trai 1 s in snow indicated that foxes commonly 
foraged in winter in areas above timberline frequented 
by large flocks of ptarmigan. 

Almost twice as many tracks (151 vs. 79) were located 
south of the river as on the north (Table W59). This 
is in contrast to the greater number of active dens 
found on the north side. At the upper reaches of the 
proposed impoundment fox density was observed to 
increase markedly. The south side of the river above 
Vee Canyon changes from mountainous terrain to open, 
marshy flats which Gipson et al. (1982) say charac
terize good fox habitat. 

Gipson et al. (1982) report that searches along the 
Susitna River and lower elevations of tributaries in 
1 ate winter and early spring 1980 produced no evidence 
of foxes in these areas. Tracks and other sign were 
noted on river banks in the following 1 ate fall and 
early winter. 

- Food Habits 

Principal foods of foxes in the upper Susitna basin were 
determined by Gipson et a 1. ( 1982) through direct obser
vation, identification of remains at dens and on trails, 
scat analysis, and stomach analysis of foxes taken by 
trappers. In spring and summer, diets included Arctic 
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ground squirrels, red-backed voles and singing voles. 
Ptarmigan were taken throughout the year and were major 
components of the diet in winter. Musk rats are taken 
where available and may be relatively important to foxes 
in the vicinity of large lakes such as Stephan Lake, 
Clarence Lake, and Deadman Lake. Dispersing young musk
rats and muskrats at pushups are especially vulnerable to 
predation by foxes. 

Carrion is a1so identified as important by Gipson et al. 
( 1982). Foxes were observed feeding on a carcass of 
moose and another of caribou near Watana Camp, and on a 
sheep carcass on the east fork of Watana Creek. 

Snows hoe hare are presently scarce in the Susitna study 
area and are therefore unimportant in the diet of foxes 
there. The scarcity of hares may be responsible in part 
for the relatively low number of foxes in the area as 
well as the seasonal shifts to higher elevations where 
ptarmigan are available. 

- Home Range 

Summer home ranges varied from 18.3 to 32.7 km2 in the 
Susitna study area with little difference in home range 
size between males and females. The larger size of home 
ranges in the Sus itna study area compared with studies in 
midwestern states was attributed by Gipson et al. (1982) 
to the greater availability of food in that region. 

- Population Characteristics 

Six of 19 dens found in a 1751 km2 area in the upper 
basin in summer 1981 were active (Gipson et al. 1982). 
Dens were classified according to size and use as des
cribed in Table W60; locations are mapped on Figure W17. 
A seventh den was probably als~ active, giving a density 
of one family per 250-292 km. Gipson et al. {1982) 
report that the most {easonable estimate of density is 
one family per 83 km based on the assumption that at 
least one-third of active dens were found in 1981. 

Transect data demonstrate a marked increased in number of 
fox tracks encountered progressing upstream from De vi 1 
Canyon to the Tyone River. Dean Wi 1 son (pers. comm. 
cited by Gipson et al. 1982) indicated that most of the 
furs he buys are taken in open, marshy country and that 
prime fox habitat decreases from the MacLaren River to 
the Tyone-Os hetna-Sus itna areas, as flat open plains rise 
to mountainous alpine terrain. Gipson et al. (1982) con
clude that the Susitna project study area supports a low 
density fox population relative to other areas in 
Alaska. 
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(vii) Lynx 

The distribution of lynx in the upper basin is very limited 
at present. Tracks and scats have been found in sever a 1 
areas including the_ mouth of Goose Creek {probable lynx/ 
tracks seen from the air on November 19, 1980, and a dense 
concentration of scats and tracks found on October 22, 
1981), the mouth of Jay Creek (tracks seen on October 30, 
1981), and along Goose Creek, 1.6 km from the mouth {tracks 
seen on November 3, 198l)(Gipson et al. 1982). 

In the past, lynx were apparently fairly numerous in the 
canyon country of the Susitna River, being found primarily 
in the forests along the river (H. McMahan, pers. corrm. 
cited by Gipson et ~1. 1982). Trappers in the vicinity of 
the impoundments reported no sight i ngs of lynx or their 
tracks, and reports from trappers in the Go 1 d Creek area 
suggest that lynx have been uncommon there in recent years 
as well (Gipson et al. 1982). 

Lynx population levels fluctuate in response to avail
ability of snowshoe hares (Keith 1963) which were uncommon 
in the Susitna basin in 1981 (Kessel et al. 1982). Gipson 
et al. (1982) reported that historically, the frequency of 
natural forest fires increased from Portage Creek to the 
Tyone Ri¥er, and speculated that snowshoe hares (and lynx) 
numbers may have been higher in the past. However, Kessel 
et al. {1982) note that no fires have occurred in the 
Susitna basin in the recent past, and they report that hare 
numbers appear to be chronically low in the Susitna area. 
If fire or other habitat change leading to an increase in 
snowshoe hares occurs, lynx populations will likely also 
increase. However, for the present, lynx are uncommon in 
the area. 

(viii) Coyote 

The distribution of the few coyotes occurring in the upper 
basin is generally 1 imited to those areas downstream of 
Dev i 1 Creek. No coyotes or their tracks were observed by 
Gipson et al. (1982) during baseline studies in the Susitna 
area, although several sightings of coyotes in fall 1980 
were reported to them. Other sightings of coyote, or their 
tracks, have also been reported in the Gold Creek and 
Canyon areas (H. Larsen, pers. comm., R. Roull ier, pers. 
comm. cited by Gipson et al. 1982). Coyotes have not been 
seen or taken by trappers upstream of Devil Creek. The 
distribution and abundance of coyotes in the Susitna area 
is probably limited by wolves rather than by habitat, food 
availability, or trapping pressure. Wolves are usually 
aggressive toward coyotes within their home range (Rolf 
Peterson and Jim Woolington, pers. corrm). 
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(ix) Short-Tailed Weasel 

Short-tailed weasels are locally abundant in the upper 
basin, and their tracks have been observed in a variety of 
habitat types at elevations ranging from the banks of the 
Susitna River to over 1500 m. Transect surveys conducted 
in November 1980 yielded 746 short-tailed weasel tracks, 
328 (44%) of which were counted on a single transect near 
the Tyone River (Table Furbearer-1). Most of the tracks 
(489 or 66%) were observed in woodland white or black 
spruce vegetation types; an additional 190 (25%) were 
counted in medium shrub types {Gipson et al. 1982). It 
appears that short-tailed weasels can meet their food and 
cover needs in a variety of habitat types. Short-tailed 
weasels have been taken both deliberately and incidentally 
by trappers on upper Tsusena Creek, in the Fog Lakes area, 
and elsewhere in the study area, but they are not a species 
of major economic importance. 

(x) Least Weasel 

(c) Birds 

Least weasels occur at least sparsely throughout the upper 
basin and may be locally abundant. However, their small 
size and secretive behavior makes confirmation of their 
presence difficult. Several sets of tracks believed to be 
those of least weasels were seen in March 1980 along lower 
Watana Creek. The carcass of one least weasel, taken by a 
trapper at Fog Lakes, was obtained in February 1981, and a 
1 i ve 1 east wease 1 was observed near the southeast edge of 
proposed Borrow Site A on October 25, 1981 (Gipson et al. 
1982). The pelts of least weasels have practically no 
commercial value (Svendsen 1982), and thus information from 
trapping returns is rarely available to supplement direct 
observations. 

Few data on bird popu 1 at i ens in the upper Sus i tna basin were 
available prior to the initiation of baseline studies for the 
Susitna Hydroelectric Prject. Baseline data on breeding birds 
were collected by the University of Alaska Museum (Kessel et al. 
1982) in 1981 and 1982, and surveys for migratory waterbirds were 
conducted during spring 1981 and fall 1980 and 1981. Surveys for 
cliff-nesting raptors and tree-nesting bald eagles were conducted 
in summer 1980 and spring 1981. 

Bird populations in the lower Susitna floodplain were also poorly 
known prior to the project. To obtain an overview of the distri
bution, abundance, and habitat use of birds in that area, three 
types of avifaunal surveys were conducted between Devil Canyon and 
Cook Inlet: (1) spring aerial surveys of waterbirds in 1981 and 
1982; (2} a ground survey of all bird species in early summer 
1982; and (3) an aerial survey for bald eagle nests in summer 
1982. 
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A total of 135 species of birds have been recorded in the upper 
basin. Their relative abundances (see Appendix EE) are largely a 
function of habitat availability. The most abundant species in 
the project area are common redpoll, savannah sparrow, white
crowned sparrow, Lapland longspur, and tree sparrow. Redpolls are 
habitat generalists, whereas the four other species are birds 
associated with shrublands, which cover 60% of the region (Section 
3) 0 

Of the 135 species known to occur in the upper basin, 15 are 
ranked as regionally rare on the basis of current information: 4 
raptors {osprey, American kestrel, snowy owl, boreal owl), 3 
species of ducks (gadwall, blue-winged teal, ring-necked duck), 4 
shorebirds {upland sand pi per, turnstone sp., surfbird, sander
ling}, 3 small land birds (black-backed three-toed woodpecker, 
western wood pewee, yellow warbler}, and ruffed grouse. Most of 
these bird species are either at the periphery of their geographic 
ranges or are 1 imited by a lack of appropriate habitat. All 15 
species are represented by larger populations in other portions of 
Alaska. 

At least 82 bird species have been recorded along the lower 
Susitna floodplain (see Appendix EF). The highest relative abun
dance and species diversity of birds occurred in the mid- and 
late-successional vegetation types. 

( i) Raptors and Raven 

Surveys specific for nesting raptors in the upper Susitna 
basin were made only during summer 1980 and spring 1981, 
and in October 1982. A total of 10 raptor species were 
recorded upstream of Devil Canyon. Five species {6 includ
ing common raven~ a fu~ctional raptor that often provides 
nests for some raptor species} are known to nest in the 
area, and two additional species probably breed there 
(Appendix EF). In total, 53 raptor/raven nest sites have 
been reported from the upper basin (White 1974, Kessel et 
al. 1982, Kessel, pers. comm.; see Table W61). At least 
two of these locations (GE-6 and GE-12) do not appear to 
exist and probably represent two of the remaining 51 loca
tions {see Table W61). Active nesting locations in 1980 
included 6 golden eagle, 4 bald eagle, 1 common raven and 1 
nest of an unidentified species (probably gyrfalcon). 
Active nest sites in 1981 included 6 golden eagle, 5 bald 
eagle, 1 gyrfalcon, 2 northern goshawk, and 4 common raven. 
One additional active golden eagle nest was discovered 
during the course of other work in 1982. Nesting locations 
that were not active in 1980 and 1981 presumably function 
either as alternative sites or, in some cases, may be used 
by additional pairs in years when population levels may be 
higher. Table W62 shows the general breeding phenology of 
gal den eagles, gyrfalcons, and ravens in Alaska. These 
schedules are applicable to the upper basin. 
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In 1974, White (1974) found 14 active nests within the same 
area of the upper Susitna basin: 2 gyrfalcon, 3 bald 
eagle, 9 common raven, and an additional location that was 
probably occupied by gyrfalcons that year (GYR-1; see Table 
W61). White also reported an additional 13 inactive nests, 
ascribing 7 to ravens, 3 to golden eagles, 2 to bald 
eagles, and one to goshawks. The reason for the substan
tially different species composition between 1974 and 1980-
81 (more ravens and fewer eagles in 1974) may be related to 
differences in survey intensity and possibly to natural 
variations in the prey base. 

The density of active golden eagle nests present in the 
upper basin in 1980 and 1981 (one pair per 14.8 km of 
river) (Kessel et al. 1982) was similar to that found along 
the Brooks Range portion of the Dalton Highway in 1979 (one 
active nest per 15.7 km) (Roseneau and Bente 1979). The 
latter density appears to be one of the highest reported 
for Alaska. Muri e (1944) found gal den eagles nesting as 
close as 1.6 and 2.4 km to each other in Denali National 
Park in 1941 and 1939, respectively. Golden eagles regu
larly build and maintain a number of simultaneous nests, 
sometimes several· kilometers apart (O.G. Roseneau, pers. 
comm.), which are used as alternative sites in different 
years (Brown and Amadon 1968). White et al. (1977) sug
gested that local populations of golden eagles may increase 
during years of high snowshoe hare populations; however, 
hares were relative1y scarce in the upper basin in 1980 and 
1981 (Kessel et al. 1982). Murie (1944) noted that artie 
ground squirrels were a major prey of golden eagles in 
Denali National Park in 1939-1941, and these rodents were 
abundant in the upper basin area during the study. 

Surveys for nesting bald eagles were conducted in the lower 
Susitna River floodplain in April 1980 by the U.S. Fish and 
Wi1dlife Service, in late June 1981 by TES, and in early 
July 1982 by the University of Alaska Museum. In total, 
these surveys located 38 nests (see Table W63). In 1982, 
the year for which data are the most complete, only 14 of 
the 24 nests found in 1980-81 could be located, but 14 new 
nest sites were discovered. Of these 28 total known nests, 
17 were active and 11 were inactive. The amount and suit
ability of bald eagle nesting habitat and the number of 
nesting ba 1 d eagles increases markedly downstream of the 
Indian River (see Table W63.) Most of the bald eagle nests 
were concentrated in three sections of the river: (1) 
between Talkeetna and the Parks Highway Bridge; (2) between 
Kashwitna Lake and the mouth of the Yentna River; and (3) 
from Bell Island to the mouth of the Susitna River. 

The density of bald eagles nesting in the lower Susitna 
River floodplain is slightly higher than that calculated 
for the Tanana River (Roseneau, pers. comm.). 
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Gyrfalcons are less common than eagles in southcentral and 
central Alaska, but some regularly nest throughout the 
Alaska Range. Cade (1960) estimated the total Alaska popu
lation at only about 200-300 pairs. Roseneau et al. (1981) 
considered that an underestimate but doubted that the popu
lation exceeded 500 pairs. Gyrfalcon densities vary con
siderably between years (Cade 1960, Roseneau 1972, Swartz 
et al. 1975), but variation is probably less over large 
geographic regions (Roseneau 1972). The majority of the 
Alaskan population is found in northern and western Alaska 
(Roseneau et al. 1981), and gyrfalcons there tend to 
exhibit relatively low site fidelity from year to year 
(Cade 1960, Roseneau 1972). However, in the Alaska Range, 
where suitable nesting cliffs are more widely dispersed, 
most sites appear to be used every year {Bente 1981). 

There were no confirmed sightings of peregrine falcons in 
the upper Susitna basin during 1980, 1981 or 1982 in spite 
of the number of manhours spent on ornithol ogica 1 field 
work and on raptor surveys (Kessel et al. 1982,Kessel, 
pers. comm.). White {1974) saw two individual peregrines 
during a 10-15 June 1974 survey; however, he found no sign 
of nesting. One of the birds was a 11 Sing1e adult male ••• 
roosting on a cliff about 4 miles upriver from the Devil 
Canyon Dam axis," and the other was "a sub-adult ••• about 
15 miles up river from the Devil Canyon Dam axis." White 
(1974) stated that the Yenta-Chulitna-Susitna-Mata~uska 
drainage basin "seemingly represents a hiatus in the breed
ing range of breeding peregrines ••• ," and Roseneau et al. 
(1981) stated that "the Susitna and Copper rivers both pro
vide ••• very few •••• potential nesting areas for 
peregrines ... 

Suitable nesting habitat for goshawks and great-horned owls 
consists primarily of occasional stands of mature paper 
birch and paper birch-white spruce stands, which are most 
commonly found downstream of Devil Canyon (Roseneau, pers. 
comm.). Some nesting habitat for other tree-nesting 
species (i.e., red-tailed hawks, American kestrels, sharp
shinned hawks, boreal owl, and hawk owls) and ground
nesting species (i.e., merlins, northern harriers, and 
short-eared owls) also occurs in the Susitna basin, but no 
concentration areas of nesting habitat are known or expect
ed to occur. 

Waterfowl and Other Large Waterbirds 

The upper basin and the Lower Susitna River floodplain do 
not support 1 arge concentrations of waterfowl or other 
waterbirds during either migration or the breeding season 
(Kessel et al. 1982). 

E-3-261 



The species composition of waterfowl in the upper basin 
showed some differences from that of central Alaska as a 
whole, in part reflecting the suba 1 pine nature of much of 
the study area. 01 dsquaw and black seater were the most 
productive of the waterfowl in 1981 (Tab 1 e W64). Both 
species are primarily tundra nesters, and the Alaska 
Range is the only inland nesting location known for the 
black seater in Alaska (Gabrielson and Lincoln 1959). On 
the other hand, the pintail, (one of the most numerous 
ducks in central Alaska) occurred in relatively small 
numbers in the study area, in spite of the fact that both 
1980 and 1981 were high population years for pintails in 
Alaska due to severe drought in the Canadian prairie pro
vinces (King and Conant 1980, Conant and King 1981). 

Trumpeter swans bred commonly at the eastern end of the 
study area, from the vicinity of the Oshetna River to at 
least the Maclaren River. On a random flight over ponds 
in this area on 4 August 1981, Kessel et al. (1982) 
recorded 19 groups of trumpeter swans. Forty adult 
birds, i ncl udi ng 9 pairs with broods (28 cygnets) were 
seen. This area is on the western edge of the habitat 
used by the Gulkana Basin trumpeter swan population which 
has more than daub 1 ed during the past five years (King 
and Conant 1981). 

The lower Susitna River itself appears to be little used 
by waterbirds. Few birds were seen during spring aerial 
surveys in either 1981 or 1982 {Table W64) or during the 
June 1982 ground surveys (see Appendix EE). 

Overall, swans, greater white-fronted goose, scaup sp., 
common merganser and merganser spp. were the most abun
dant species seen. Numbers were highest in the last 37 
km of the river between the mouth of the Yentna River and 
Cook Inlet. 

Ice on the 1 ower river apparently broke a week or more 
later in 1982 than in 1981. During the May 7, 1981 
survey, the river above Talkeetna was breaking up and 
carrying a heavy load of ice chunks, whereas on May 10, 
1982, this section of river was still almost entirely 
frozen. Since spring migration of dabbling ducks in 
central Alaska was only 2 to 3 days 1 ater in 1982 than 
1981 (Kessel, unpubl. data), the main spring movement 
had passed through the Susitna region in 1982 before 
water became available in the river above Talkeetna. 
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In addition to early season ice above Talkeetna, the main 
reasons for the low use of the lower river appear to be 
its rapid flow and heavy silt load .. These factors dis
courage the development of aquatic plants and associated 
invertebrates, the main diet of most waterbirds, and make 
food invisible, except at shallow edges or in sloughs. 
Corroborating this assumption is the fact that the most 
numerous ducks on the river were fish-eating mergansers. 

- Migration 

The upper Susitna basin, which is on a high plateau 
between the Alaska Range and the Talkeetna Mountains, 
does not appear to be a major migration route for water
birds (contra U. S. Corps of Engineers 1977). A rela
tively small number of individuals were seen during three 
surveys in Spring 1981 and six and five surveys in fall 
1980 and 1981, respectively (Table W64). 

Scaup, including both lesser and greater scaup, were the 
most numerous species group during both spring and fall. 
Relatively large numbers of mallards and American wigeon 
also moved through during both seasons. Pintails were 
common during spring migration but uncommon in fall. Few 
geese or cranes were seen at either season (Kesse 1 et a 1. 
1982). 

The upper Susitna basin was less important to migratory 
waterfowl in spring than fall. Ice breakup does not 
occur until mid-May on many lakes in the upper basin with 
the result that little open water is available to early
migrating waterbirds, such as the dabbling ducks and 
common go 1 den eye. Early migrants used the Susitna Hi ver 
itself and the thawed edges of 1 akes. Use of the upper 
basin's water bodies increased toward the end of May, 
concurrent with the avai 1 abi 1 tty of more open water and 
the influx of the 1 ater-arri vi ng 1 oons, grebes, scaup, 
o 1 dsqu aw, seaters, and mergansers. 

The pattern of fall movement in the upper basin is simi
lar to that known for the rest of central Alaska. That 
is, peak numbers of American wigeon, pintai 1, and green
winged teal occur during the first half of September; of 
1 oons, grebes, and scaup during the second and third 
weeks of September; and of mallards, seaters, buffleheads 
and goldeneyes from the last third of September to mid
October. Swan migration, which includes both trumpeter 
and whi st1 i ng swans, occurs between the 1 ast week of 
September and the end of October. 
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- Relative Importance of Water Bodies 

The wetlands of the upper basin supported relatively few 
waterbirds during the summer. .An average density of onl.Y 
22.5 adult waterfowl and gulls/km2 and 2.9 broods/kmZ 
were found on 28 intensively surveyed waterbodies in 
summer 1981 (Table W64). By comparison, a census of 13 
waterbodies in the upper Tanana River valley, similar in 
size class distribution to those surveyed in the ~pper 

basin, had average densities of 183.8 adults/km in 
1977 and 110.9 adults/km2 in 1979 (Spindler et al. 
1981). Broods averaged 6.2/km2 in the upper Tanana 
River valley (Spindler et al. 1981). Productivity in the 
eastern portion of the Upper Tanana River valley study 
area in 1979 was 30-40 percent lower than historical 
levels typical of Minto Lakes and the Yukon flats (Kessel 
et al. 1980). Minto Lakes, Tetlin Lakes, and portions of 
the Yukon Flats are considered among the most productive 
wetlands in Alaska (J. G. King, U. S. Fish and Wildlife 
Service, pers. comm. cited in Kessel et al. 1982). Thus, 
the waterbodies of the upper basin appear to support a 
relatively impoverished population of waterfowl during 
the summer. 

The average density of waterbirds observed on lakes and 
groups of 1 akes in the upper basin are shown in Tab 1 e 
W65. Densities were generally quite low with the highest 
fall densities occurring at Murder Lake, Watana Lake, and 
the Maclaren River-Tyone River group (see Figure W18). 
Murder Lake had by far the highest density of waterbirds 
in spring; the density for lakes near lower Deadman Creek 
was also fairly high. 

Kessel et al. (1982) calculated Importance Values (I.V.) 
for each 1 ake surveyed based on the number and density 
of birds and number of species observed on each lake 
compared to all other surveyed lakes. Seasonal popula
tion statistics are listed in Tables W66 for the lakes 
having the highest scores. Of these more important water 
bodies, Stephan and Murder Lakes were among the top three 
in Importance Values for all seasons. Stephan Lake 
received twice as much use in fall as in spring, but both 
water bodies consistently had relatively high levels of 
species richness. These 1 akes assumed add it i ana 1 impor
tance in early spring and late fall because of ice condi
tions. Murder Lake, which reportedly has some open water 
a 11 winter, provided some of the first open water for 
early spring migrants, as did the inlet of Stephan Lake; 
green-winged teal, mallard, and pintai 1 were using this 
open water on 3 May 1981. Likewise, these lakes provided 
the last open water in fall and were used by the late 
migrants. Swans used these lakes during October as 
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other 1 akes in the region became ice-covered. Between 9 
and 11 trumpeter swans frequented Murder Lake between 
October 10-18, 1981 (J. Ireland, pers. comm. cited in 
Kessel et al. 1982); 11 to 22 unidentified swans were on 
Stephan Lake from October 9-23, 1981, and 120 swans were 
there on October 10, 1980. 

WB 131, near the mouth of the Maclaren River, was another 
lake consistently supporting high levels of waterfowl 
abundance, density, and species richness. Its I.V. in 
spring was lessened by the fact that it was still frozen 
during the first two spring surveys. Because it was far 
from the proposed construction sites, it was not censused 
for breeding birds, but a flight over the lake on 4 
August 1981 revealed a flock of some 100 molting ducks, 
mostly scaup, as well as a pair of trumpeter swans. This 
and WB134 were the only duck-molting lakes found in the 
basin. A flock of 22 to 42 trumpeter swans congregated 
to feed on this lake throughout the first half of 
September 1980. 

WB 140, east of the Oshetna River, had the highest I. V. 
of 28 water bodies censused during the breeding season. 
Not only did it have a high species richness (11 
species), but it·also supported a large number of birds 
and an above average density. It was also of above aver
age importance during migration, even though it thawed 
later and froze earlier than most other lakes. 

Clarence Lake had the fourth highest I.V. during spring 
and fall migration, but was less important during the 
summer. It had a relatively high species richness at all 
seasons, being used by both diving and dabb 1 i ng ducks 
during migration, but primarily by divers in summer. 

Watana Lake was used in fall, especially in 1980, by 
migrant scaup, goldeneyes, and mergansers during the last 
half of September. Otherwise it was of little importance 
to birds. 

Pistol Lake in the lower Deadman Creek area had a rela
tively high I.V. in spring because of the number and 
diversity of birds it contained after it began to thaw 
toward the end of the first week of May. However, this 
relatively large lake was only of average importance 
during summer, and was little used in fall. 

The southernmost Fog Lake supported high 1 eve 1 s of abun
dance and species richness at all seasons. It received 
l~ss use in spring than at other seasons, probably 
because ice cover was sti 11 extensive as 1 ate as May 17, 
1981. On this date, ducks were heavily concentrated in 
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the open water at the in 1 et end of the 1 ake. This 1 ake 
and WB 140 had the highest species richness (11 species) 
during summer. 

WB 032, a small 1 ake at the west end of the Fog Lakes, 
supported a high density of birds in summer and showed 
high productivity {at least four broods of horned grebe 
and two of American wigeon seen on July 28, 1981). It 
was not monitored during migration. 

Swimming Bear Lake, an alpine lake, received its primary 
use during summer. After it thawed in late May, it was 
occupied by at least five species of waterbirds (scaup, 
oldsquaw, seater, mew gull, and arctic tern), three of 
which were observed with broods on July 29, 1981. Flocks 
of scaup and white-winged seaters were seen on the 1 ake 
during the last half of September 1981. 

None of the water bodies in the upper basin had impor
tance values as high as those calculated for some of the 
better wetland sites of eastern interior Alaska from data 
obtained during fall 1980 by Ritchie and Hawkings (1981) 
(Figure Wl9) and during spring 1980 by Ritchie (1980) 
(Figure W20). 

(iii) Other Birds 

- Shorebirds 

Seven of the 19 species of shorebirds that occur in the 
upper basin are transients that occur only during migra
tion (Appendix EF). An additional six species nest in 
alpine tundra habitats that will be 1 ittle affected by 
the Susitna development. Ths six species that wi 11 be 
most affected (semi-palmated plover, common snipe, upland 
sandpiper, spotted sandpiper, solitary sandpiper, and 
greater yellowlegs) nest on alluvial bars along the river 
edge or in lower elevation woodlands and meadows. No 
shorebirds overwinter in the Susitna region. 

Seven species of shorebirds were seen a 1 ong the 1 ower 
Susitna River during spring air and ground surveys 
(Appendix EF). Spotted sandpipers were common breeders 
along shores of the main river as well as along its 
sloughs and feeder creeks; solitary sandpipers were also 
fairly common along the river. Semi-palmated plovers were 
uncommon breeders on alluvia, and greater yellowlegs were 
uncommon probab 1 e breeders a long the river. Winnowing 
common snipe were recorded at various locations. Only 
one migrant whimbrel was seen on an alluvial island below 
Talkeetna, and two female red-necked phalaropes were also 
seen on the river. 
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- Grouse and Ptarmigan 

The spruce grouse and three species of ptarmigan breed 
and winter in the upper Susitna basin (Appendix EF). All 
species of ptarmigan breed at higher elevations, and thus 
little of their breeding habitat will be affected by the 
impoundments. Spruce grouse nest and winter in coni
ferous and mixed forests and will ow and rock ptarmigan 
probably move to the lower elevation conifer forests in 
winter. Spruce grouse were not observed a 1 ong the 1 ower 
Susitna River during the spring air and ground surveys, 
although some probably occur in the area. Small numbers 
of willow ptarmigan may occur along the lower river in 
some winters, but ptarmigan are not normally found near 
the downstream floodplain. 

- Owls 

Three (great horned owl, hawk owl, boreal owl) of the 
five species of owls that have been recorded in the upper 
basin are year-round residents in mixed and coniferous 
forests (Appendix EF). The short-eared owl, a migrant, 
occupies open habitats in small numbers in summer and a 
few may breed in the region. Snowy owls, occasional 
migrants or winter visitors, are rare in the upper basin 
and tend to occur only in tundra areas. 

Only single records of two species of owls (great horned 
owl, short-eared owl) were obtained along the lower 
Susitna River during the spring surveys (Appendix EF). 
Great horned owls are likely residents and breeders, 
especially in mature cottonwood stands along the river 
and sloughs. 

- Woodpeckers and Passerines 

In terms of numbers, woodpeckers and passerines comprise 
by far the greatest proportion of the birds inhabiting 
the upper Susitna basin. Fifty-seven species have been 
recorded and nine (possibly 10) of these are year-round 
residents (Appendix EF). All of the woodpeckers and a 
large proportion of the passerines are forest species, 
but passerines are abundant in all vegetated habitats 
from closed forest through shrublands to alpine tundra. 
Breeding densities of these terrestrial species are 
discussed in more detail below. 

A few passerines occur primarily in (or over) aquatic 
habitats and they are not adequately represented in 
censuses .of terrestrial habitats. These include four 
species of swallows and the dipper. Bank swallows and 
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cliff swallows nest colonially, the former in cutbanks 
and the latter in areas of cliffs, and both forage large
ly over water. Tree swallows and violet-green swallows 
are not colonial and nest in a variety of habitats; they 
a 1 so forage primarily over rivers and lakes. The dipper 
is a bird of mountain streams. It forages in the streams 
and nests along stream banks. Dippers are uncommon in 
the upper basin~ but there are no quantitative estimates 
of numbers. 

Thirty-nine species of woodpeckers and passeri nes were 
recorded along the lower Susitna River during the spring 
surveys. Six, possibly seven, are year-round residents 
(Appendix EF). Relative abundance of some species are 
discussed below. 

- Upper Basin Bird Communities 

Breeding populations of terrestrial birds in the upper 
basin were studied in 1981 and 1982 by means of plat 
censuses (Kessel et al. 1982, Kessel, pers. comm.). The 
average number of territories of each species on the 
census plots in the two years is shown in Table W67. The 
data for all species are summarized in Table W68. 

Generally, the forest and woodland habitats support high
er densities and/or biomasses of birds than the shrub 
communities. Highest densities found in forests were at 
a cottonwood forest plot near Sherman, which supported an 
average of 43.0 bird territories/10 ha. The lowest den
s it i es in forest habitats were in the white spruce forest 
plot at the mouth of Kosina Creek {16.9 territories/10 
ha). Of the. shrub habitats, low-mixed shrub had the 
highest densities (35.4 territories/10 ha) and mat and 
cushion tundra the lowest {11.5 territories/10 ha). 
Although alpine tundra areas including upland cliffs and 
block-fields and mat and cushion tundra had the lowest 
bird usage, these types supported some bird species 
genera l1y not found in other habitats, such as white
tailed ptarmigan, horned lark, wheatear, water pipit, 
gray-crowned rosy finch, and snow bunting. 

The pattern of habitat occupancy in the upper basin shows 
many similarities to patterns found in other areas of 
interior Alaska and in taiga areas in general. Spruce 
stands with little or no understory generally support low 
densities of breeding birds whereas mixed forest, scat
tered woodlands and deciduous forests generally support 
intermediate to high densities of birds (Gillespie 1960, 
Carbyn 1971, Spindler and Kessel 1980, Mclaren and 
Mclaren 1981). 
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In many areas tall shrub habitats support very high den
sities of breedin~ birds (Ward 1975, Spindler and Kessel 
1980, McLaren and McLaren 1981) and the very low density 
in the Susitna tall alder shrub plot is anomalous. 
Kessel et al. (1982) believed that the low density was 
related to the plant species composition. Alder thickets 
in the Tanana Valley, which support high avian densities, 
are dominated by willow, thinleaf alder and balsam pop
lar, which have average to above average levels of pri
mary productivity. The tall shrub thickets of the upper 
Susitna basin study area were composed almost entirely of 
Alnus crispa, which has relatively low levels of primary 
productiv1ty (Spindler and Kessel 1980). 

Density of breeding birds in most habitats declined sub
stantially between 1981 and 1982 (Table W69). The 
reasons for this are unknown but could be due to differ
ing weather conditions or differences in availability of 
insect food. Boreal forest bird populations are known to 
increase and decrease with spruce budworm eye les 
(Kendeigh 1947, Erskine 1977) and availability of other 
insects may also affect population levels. 

Bird species diversity can be expressed either in terms 
of simple species richness or in terms of an index which 
includes other aspects of the bird community. Table W68 
shows both number of species and the Shanon-Weaver diver
sity index. The latter takes into account both the num
ber of species present and the proportion of the total 
corrnnunity represented by each species (evenness). 

Species diversity may be quite heterogeneous even in dif
ferent samples within the same overall habitat type (see, 
for example, white spruce-paper birch forest plots I and 
II and also Spindler and Kessel 1980). This variability 
is presumably due to variation in the structure, density 
and possibly species composition of plants forming the 
habit at. 

Despite the variability in diversity estimates based on 
relatively small plots, some patterns are apparent. 
Forest habitats generally have higher diversities than 
shrub or tundra habitats, whereas shrub habitats general
ly have higher diversities than tundra habitat. This 
agrees with the genera 1 observation that species diver
sity increases with the number of layers in the vegeta
tion (MacArthur and MacArthur 1961, Karr and Roth 1971, 
Willson 1974). There are, however, two anomalies--the 
relatively high diversities in dwarf black spruce forest 
(woodland black spruce), which lacks a tree 
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overstory, and high diversities in tall alder shrub 
stands. Despite the 1 ack of a tree over story in dwarf 
black spruce forest, the same general characteristics of 
a coniferous tree habitat with deciduous shrub understory 
are present, but side-by-side rather than 1 ayered. 
Mclaren and Mclaren (1978), working in the eastern 
Canadian boreal forest, found that dwarf spruce forests 
with a substantial deciduous shrub component had a high 
density and a very similar diversity to taller spruce 
forests with deciduous understory. 

The high diversity in tall deciduous shrub habitat also 
seems to be a general characteristic of boreal shrub com
munities (cf. Mclaren and Mclaren 1978, Spindler and 
Kessel 1980). The reasons for this high diversity are 
not known, but may be related to the tendency for decid
uous shrub corrvnunit i es to occur near water. MacArthur 
(1964) found that presence of water tended to increase 
bird species diversity over what would have been expected 
on the basis of habitat structure alone. 

Each habitat type that has been studied in the upper 
basin supports a moderately distinct bird species asso
ciation, as indicated by the following list of the four 
or five most abundant s13ecies in each habitat: 

Upland Cliffs and B1ock-fields: gray-crowned rosy 
finch, common redpoH, horned lark, American golden 
p 1 over, water pi pit; 

• Dwarf Shrub Mat: water pipit, American go 1 den p 1 over, 
horned lark, Lapland 1ongspur, rock ptarmigan; 

• Low Shrub: savannah sparrow, tree sparrow, Lapland 
1 ongspur, white-crowned sparrow; 

• Medium Shrub: tree sparrow, white-crowned sparrow, 
savannah sparrow, arctic warbler, Wilson's warbler; 

• Tall Shrub: hermit thrush, Wilson's warbler, fox 
sparrow, white-crowned sparrow, tree sparrow; 

• Scattered Woodland and Dwarf Forest: white-crowned 
sparr ow, American robin, bohemian waxwing, tree 
sparrow, ruby-crowned kinglet; 

• Mixed Deciduous-Coniferous Forest: hermit thrush, 
dark-eyed junco, yellow-rumped warbler, Swainson's 
thrush, varied thrush; 

• Deciduous Forest: yellow-rumped warbler, common red
poll, Swainson's thrush, blackpoll warbler; and 
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Coniferous Forest: 
thrush, dark-eyed 
Swainson•s thrush. 

ruby-crowned kinglet, varied 
junco, yellow-rumped warbler, 

- Lower Susitna River Floodplain Bird Communities 

Information on the relative abundance and habitat use of 
terrestrial birds in the lower Susitna River floodplain 
was obtai ned during a ground survey conducted in June 
1982 by the University of Alaska Museum. Abundance was 
determined by counts of singing birds in each habitat 
type. 

Generally, following ecological tenets, both abundance 
and species richness increased progressively from the 
early to late vegetation successional stages (Table 
W68). 

Species composition of the early successional stages was 
dominated by waterbirds, such as plovers, sandpipers, 
gulls, and terns. The only regular land bird was the 
white-crowned sparrow, which was common in the medium
height shrub of the late stages of early succession. 

Species composition and abundance in the tall shrub and 
forest habitats of the lower Susitna River floodplain 
followed known patterns of habitat selection in central 
Alaska, except in the cottonwood forests. Several bird 
species normally associated with tall shrub coi1'U11unities 
(i.e., gray-cheeked thrush, bl ackpoll warbler, northern 
water-thrush and fox sparrow) were found to select nest
ing ·territories within riparian cottonwood forests, pro
bably because these forests have a well-developed, tall 
shrub understory. 

A profound effect of silt ground cover on avian abundance 
was also noted along the lower floodplain. Forest and 
tall shrub stands with a heavy ground cover of recently
deposited silt were essential·ly devoid of birdlife. 
Earlier studies (Spindler and Kessel 1981, Kessel et al. 
unpubl. data) have suggested that there is little prefer
ence by most terrestrial birds for specific taxa of plant 
ground cover, but apparently some kind of vegetative 
cover is necessary--undoubtedly because of its ro1e in 
providing food resources. 

(d) Non-Game (small) Mammals 

Non-game (small) mammals include shrews, voles, lemmings, deer 
mice, tree squirrels, ground squirrels, marmots, pikas, snowshoe 
hares, and porcupines. Small mammals, by the nature of their size 
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and visibility, are not high profile species such as many other 
groups of wildlife and birds. However, they are important eco-
1 ogi ca 1 components of most northern ecosystems. Sma 11 rodents 
have been shown to be important in nutrient cycling; soil aera
tion; dispersal of seeds, mycorhizzae and spores; control of 
insect pests; and as the primary or secondary prey of many carni
vores (Grodzinski and Wunder 1975). 

Because most species of small mammals that occur in Alaska are 
distributed throughout a diverse array of habitats, none of the 
small mammal species in the Susitna basin will be seriously 
affected by the project. However, the loss of small mammals in 
the impoundment and development areas could have an effect on some 
carnivores (through a reduction in prey avai 1 abi 1 ity) and on some 
plant communities. Consequently, the small mammal studies con
ducted in the Susitna basin (Kessel et al. 1982) have primarily 
addressed habitat use and estimation of relative population num
bers in different habitats. 

Studies of small mammals were restricted to an area ranging 15 km 
to either side of the Susitna River, extending from near Sherman 
on the west (approximately 10 km south of Go 1 d Creek) to the 
Maclaren River on the east. Within this area, 49 trapline tran
sects were established. Sites for the transects were selected to 
represent as broad a spectrum as pass ib 1 e of the various vegeta
tion types in the region. Details on sampling techniques are 
provided in Kessel et al. (1982). Information on small mammals 
was also obtained by opportunistic observations. 

(i) Species Composition and Relative Abundance 

During the study period, 16 species of small mammals were 
trapped and/or observed in the upper basin. In addition, 
there was evidence of two other species occurring in the 
region: bats (two separate sightings of what were probably 
the 1 ittle brown bat), and water shrews (tracks of a small 
mammal between ice openings on Watana Creek). The diver
sity of small mammals documented in the upper basin is 
similar to known distributions in the literature. However, 
the occurrence of arctic shrews in the study area consti
tutes a minor range extension; the closest previous record 
was from Denali National Park (Murie 1962). 

The one spring and three fall trapline surveys involved a 
total of 23,061 trap nights of effort. A total of 950, 
2328, and 447 small mammal specimens were captured during 
1980, 1981, and 1982, respectively. A total of 1977 micro
tine rodents (6 species) and 1748 shrews (4 species) were 
captured. Northern red-backed voles and masked shrews were 
the two most abundant species of sma 11 mamma 1 s, together 
constituting 74 percent of the total captures. A total of 
1458 northern red-backed voles and 1289 masked shrews were 
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captured during the 1980-82 studies. Other shrews captured 
were arctic shrews (303 specimens), dusky shrews (146), and 
pygrrr~ shrews (10). Captures of microtines included 224 
tundra voles, 103 meadow voles, 148 singing voles, 29 brown 
lemmings, and 15 northern bog lemmings (Table W70). 

Capture results illustrate the 1 arge population fl uctua
tions that can be observed in small mammals among and with
in years (Table W70). Number of captures during the spring 
were consistently 1 ower than the preceding or succeeding 
fall periods. Fall 1982 capture levels were low for all 
species except singing voles, brown lemmings, and bog 
1 emmi ngs. Number of captures for these 1 atter three 
species increased gradually durin§ the study period. 
Masked shrew captures were particu] arly low during fall 
1982 as compared to the numbers captured during fall 1980 
and 1981. The northern red-backed vale was the only 
species to maintain its relative abundance, and in all 
sampling periods was the most abundant species. 

Six other species of small mammals were not trapped but 
were observed in the study area: arctic ground squirrel, 
hoary marmot, collared pika, red squirrel, porcupine, and 
snowshoe hare. Although no quantitative estimates of abun
dance were obtained for these species, limited information 
on distribution was collected and is described below. 

The arctic ground squirrel is a numerous and ecologically 
important mammal of the region. The largest numbers were 
observed on the drier slopes, knolls, and ridges above 
treeline; only small numbers were observed at 1 ower eleva
t ions. General observations indicate that the Susitna 
study area supports a relatively high and stable population 
of ground squirrels, probably comparable to densities 
reported elsewhere in the state. For example, in the 
Talkeetna Mountains to the south, Hock and Cott i ni {1966) 
removed 27 squirrels in one day from .05 ha (54 squirrels/ 
ha) with little apparent decrease in numbers; the squirrel 
population in this area remained high throughout four years 
of study. In the eastern Brooks Range, Bee and Hall (1956) 
counted 175 ground squirrels along a 1-km ridge, and 70 
squirrels on approximately 1. 5 ha of hi 11 side nearly (47 
squirrels/ha). 

Hoary marmots were common residents of the alpine zone. 
Scattered colonies were found above treeline. None were 
seen within the proposed impoundment areas. Collared pika 
are another alpine species, found commonly on talus slopes 
at higher elevations. No pikas were seen below treeline. 
Densities of pikas in Denali National Park during 1962 
varied from 5/ha in large rock slides, to 25/ha on small, 
isolated rock piles. 
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Red squirrels, porcupines, and snowshoe hares were general
ly confined to the forested areas of the basin. Red 
squirrels were present in coniferous forests throughout the 
area, but were most numerous in the mature spruce stands 
that occur a 1 ong the 1 arger creeks such as Watana and 
Tsusena Creeks. Porcupines are uncommon in the study area; 
a few individuals were sighted during the summer of 1980, 
and 3 to 4 sets of tracks were seen during the winter of 
1980. 

Snowshoe hares, a major source of food for predators over 
much of central Alaska, were generally restricted to areas 
east of Watana Creek. Localized 11 pockets" occurred pri
marily in the vicinities of Jay Creek, Goose Creek, and the 
lower Oshetna River. Snowshoe hare populations undergo 8 
to 12 year cycles of abundance (Keith and Windberg 1978); 
peak densities may be as high as 38.6 hares/ha whereas den
sities may drop to as low as 0.12 hares/ha during popula
tion lows (Green and Evans 1940). Long-term information on 
overall hare abundance, provided by several local resi
dents' indicated that the recent 1 ow number of hares is a 
chronic situation and not just a low phase of the popula
tion eye 1 e. 

(ii) Habitat Use 

- Shrews and Voles 

Forty-two trapping sites were organized into floris
tically similar groups using a cluster analysis of fre
quency counts of 81 plant taxa from the vicinity of the 
sample sites (Figure W21). The clustered subgroups 
roughly correspond to the following vegetation types from 
Viereck and Dyrness (1980}: sedge-grass and shrub 
tundra, sedge-grass and low willow shrub, herbaceous
mixed low shrub meadow, open white spruce forest, wood
land spruce, black spruce bog (some low birch shrub sites 
were included in this group), paper birch-white spruce 
forest, cottonwood forest, tall alder shrub, and tall 
grass meadow. The number of captures of each small 
mammal species relative to these vegetation types is 
shown in Figure W22. 

Shrews and red-backed voles in the upper basin displayed 
a relatively broad and uniform distribution pattern 
across the habitat landscape (Figure W22). Masked 
shrews, the numerically dominant shrew species, occurred 
at all trapping sites. They were most numerous in decid
uous forest (particularly cottonwood), grassland, and 
tall shrub sites. Arctic shrews occurred at 29 trapline 
sites, with peaks of abundance on the drier non-forested 
sites, particularly grassland (at low elevations) and low 

E-3-274 

-
-
-

...... 

-



,-

-

.... 

. ~. 

shrub (above treeline). Dusky shrews were thinly distri
buted across the vegetation types of the study area. 
Although dusky shrews were captured at 23 sites, no par
ticular preferences were apparent; however, none were 
captured in the wettest sites. The few captures of pygmy 
shrews in cottonwood forest (3 specimens), white spruce 
forest (1), and grassland (1) during fall 1981 and open 
spruce forests (5) and cottonwood forest (1) during fall 
1980, suggest a restriction of this species to forest 
habitats. Northern red-backed voles, the dominant micro
tine of the region, occurred on all but five trapline 
sites. Northern red-backed voles were moderate to very 
abundant in most forest and shrub types. The greatest 
numbers were recorded in open and woodland spruce and 
cottonwood forest sites. In contrast, herbaceous 
meadows, particularly wet meadows and paper birch forest, 
supported low numbers of this species. 

In contrast to the more general habitat occupancy pat
terns of most shrews and red-backed voles, the three 
Microtus species displayed stronger habitat specificity, 
as ev1denced by. their general restriction to open, non
forested sites (Figure W22). Singing voles were captured 
on only 10 trap 1 i ne transects. They were most abundant 
in open 1 ow wi 11 ow-birch shrub on re 1 at i ve ly dry soi 1 s 
but were also found in herbaceous tundra, and mat and 
cushion tundra above treeline. Tundra voles and meadow 
voles occurred primarily in sedge and grass-forb meadows 
and bogs. Tundra voles were captured on 22 sites (prim
arily grass-forb, but also sedge-grass), compared to 10 
sites for meadow voles (primarily wet sedge-grass). 
Small numbers of brown lemmings were captured on 11 sites 
at or above treeline, usually in wet herbaceous and low 
shrub situations. Bog lemmings were taken at lower ele
vations in mesic sedge-grass/low shrub meadow (2 cap
tures), grass meadow (1), and near a seepage in white 
spruce forest (1). 

To summarize the differences in habitat use among the 
various species of small mammals, a standardized habitat 
niche breadth measure was calculated for each species 
captured during fall 1981 (Table W71). The ubiquitous 
masked shrews and red~backed voles had the broadest habi
tat niche breadth, followed closely by dusky shews and 
arctic shrews. Microtus species, particularly singing 
voles, had the narrowest habitat niche breadths, along 
with the rare or uncommon pygmy shrews, bog lemmings, and 
brown lemmings . 
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Small mammal community structures, especially as they 
relate to species dominance and habitat breadth, are 
highly correlated with population levels and species 
interactions. Because most northern microtine popula
tions undergo extreme fluctuations in density (Krebs and 
Myers 1974), strict ecological boundaries are difficult 
to delineate. A small mammal population sampled during 
the peak phase of a population cycle may occupy a greater 
range of habitats than during a population low. Inter
specific competition for space may also vary with den
sity. For example, Guthrie (1965) found that open 
herbaceous-dominant habitats left vacant by declining 
Microtus populations, were quickly colonized and domin
ated by the northern red-backed vo 1 e suggesting that 
Microtus species were able to exclude northern red-backed 
voles from some habitats. 

Northern bog 1 emmi ngs and brown lemmings were uncommon 
members of the small mammal community in the Susitna 
basin. Bog lemmings are generally uncommon throughout 
their range, and 1 ittle is known. of their ecological 
requirements (Banfield 1974, West 1979, MacDonald 1980). 
In other areas of the state, small numbers have been 
taken primarily in shrub bogs and marshes (Osgood 1900, 
Dice 1921, West 1979, MacDonald 1980)--not unlike the few 
sites where they occurred during this study. Their diet 
is apparently restricted to sedges, grasses, some forbs 
(Cowan and Guiguet 1956) and mosses (West 1979). 

Although the high country of the upper basin has an 
apparent abundance of suitable brown lemming habitat, 
only small, scattered numbers were captured ·during the 
1980-81 study. However, they have been found in fairly 
1 arge numbers in other montane areas of central Alaska 
(R. L. Rausch pers. comm.). The low numbers in the 
Susitna area may be due to a failure to sample the right 
habitats, or, more likely, to sampling during a period of 
low population levels. Brown lemmings are usually asso
ciated with wet sedge-grass tundra above treeline, but 
also are found locally at lower elevations in spruce bogs 
and wet meadows (Buckley and Libby 1957, Banfield 1974). 
This species is almost completely dependent on a diet of 
sedges and grasses (Guthrie 1968), although mosses may be 
important at times (West 1979). 

- Other Species 

Arctic ground squirrels inhabit herbaceous tundra and 
open shrub habitats above treeline. At lower eleva
tions they also colonize riverbanks, lakeshores, 
moraines, eskers, road sidings, and other disturbed 
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sites with subcl imax vegetation (Banfield 1974, Kessel 
et al. 1982). Our observations corroborate Bee and 
Hall's (1956) conclusion for the Brooks Range that the 
optimum conditions for ground squirrel colonies are: 

. Loose permafrost-free soils on well-drained slopes; 

. Vantage points from which the surrounding terrain can 
be observed; and 
Bare soils surrounded by vegetation that is in an 
early xerosere stage of succession. 

Carl (1962) found that ground squirrels avoided sites 
where tall vegetation (greater than 20 em) impaired 
vision. The effects of squirrel activity--e.g., bur
rowing, mound building, feeding~ feces deposition-
within areas of established colonies tends to maintain 
vegetation at an early successional stage (Carl 1962, 
Youngman 1975). 

During the snow-free months ground squirrels provide an 
abundant, reliable food source for a number of mamma
l ian and avian predators (Carl 1962, Murie 1962, Bente 
1981, Olendorff 1976). At High Lake in 1981 the first 
ground squirrel emerged from hibernation the third week 
of April; the latest date in 1981 on which ground 
squirrels were seen was 4 October (E. Powell, pers. 
comm.). These emergence and ent ranee dates are essen
tially the same as those reported by Hock (1960) and 
Hock and Cottini (1966) in the Talkeetna Mountains near 
Anchorage~ and by Carl (1962) at Ogotoruk Creek, north
western A 1 ask a. 

Hoary marmots and pikas are generally restricted to 
tundra/talus habitats at high elevations (Hoffman et 
al. 1979~ Kessel et al. 1982). Both are ecotone 
species: their homes and shelters are in one habitat 
(rocks of various size and shape) and their food in 
another (herbaceous tundra types) (Broadbrooks 1965). 
Hock and Cottini (1966) suggested that a portion of 
their marmot population underwent seasonal shifts in 
altitude, moving down from high rocky slopes in fall to 
sites having better conditions for winter denning and 
having an avai 1 able food supply in early spring. An 
opposite season a 1 movement apparently occurs in some 
Montana hoary marmot colonies (Barash 1974). The only 
suggestion of fall movement in the upper basin was the 
observation of several marmot trails and a single 
marmot traversing the 1067 m-high valley near Swimming 
Bear Lake (WB 150) in about 8 em of snow on 10 October 
1980 (T. Hobgood, pers. comm.). Marmots hibernate 
longer than ground squirrels; in the Talkeetna Moun
tains near Anchorage, marmots emerge from hi bern at ion 
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during the first third of May and begin entering hiber
nacula in early September (Hock and Cottini 1966). 
Pikas are active throughout the year (Sheldon 1930, 
Broadbooks 1965, Hock and Cottini 1966), and store 
large quantities of dried plant material in late summer 
for use during the winter months. 

The arboreal red squirrel occupies a variety of forest 
habitats, but prefers mature coniferous forest (Cowan 
and Guiguet 1956). White spruce forest is generally 
considered the optimal habitat in interior Alaska 
(e.g., Nadler 1973). Red squirrels feed primarily on 
the seeds of spruce, particularly white spruce, but 
supplement their diet with fungi, fruits, and even the 
buds of spruce and aspen (Smith 1967, Nadler 1973). 
They store 1 arge quantities of spruce cones and mush
rooms in middens for winter use (Murie 1927, Streubel 
1968). Buskirk (pers. comm.) noted that red squirrel 
middens in the upper basin in fall 1981 appeared to be 
composed only of mushrooms and spruce bu.ds. A massive 
cone crop failure caused by an area-wide epidemic of 
white spruce needle rust (Chrysomyxa ledicola) during 
1980 (J. H. McBeath, University of Alaska, Agric. Expt. 
Station, pers. comm. ) may exp 1 a in why squ i rre 1 s were 
storing such low quality food as spruce buds (Smith 
1967). Smith (1967) reported a 67 percent drop in a 
red squirrel population following the second year of a 
two-year cone crop f ai 1 ure in white spruce forest and 
suggested that the squirrels had emigrated into sur
rounding b 1 ack spruce stands. Repeated cone crop 
failures could have similar effects on red squirrels in 
the upper basin. 

Porcupines occupy a broad range of forest and shrub 
habitats (Woods 1973). In mountainous regions they 
prefer heavily wooded forests during the winter (Hock 
and Cottini 1966, Harder 1979), but may occasionally be 
found above treeline, even during the coldest months 
(Irving and Kr{)g 1955). Porcupines were only occasion
ally found in forested areas of the upper basin. 

In interior Alaska, Wolff (1977) found that snowshoe 
hare habitat preference depended on population density; 
during population lows, hares were restricted to dense 
black spruce forest and willow-alder thickets, but dur
ing highs they used a wider variety of vegetation 
types, including recently burned areas with minimal 
cover. He concluded that a patchy environment of re
cently burned sites with inclusions of unburned spruce 
was the preferred hare habitat. The chronic scarcity 
of snowshoe hares in the upper basin is probably 
related to a scarcity of suitable habitat. Recent 
burns and riparian shrub thickets are noticeably absent 
from this area. 

E-3-278 

-~ 

-

-



-

.... 

-

-
-

4.3 Impacts 

( a) W at an a Deve 1 opment 

(l) Moose 

Moose are common in the Susitna River valley and are one of 
the most important wildlife species that will be affected 
by the W at an a project. Activities associated with the con
struction of t~e Watana project will affect moose mostly in 
areas adjacent to and within the dam and impoundment area. 
Activities associated with the filling and operational 
phases will affect moose in both the upper and lower 
Susitna basins. The construction and operation of the 
Oevi 1 Canyon dam, access routes to the development sites, 
and transmission 1 i nes also wi 11 affect moose in the 
Sustina basin; impacts resulting from these activities are 
discussed later. Although the Wat ana project may benefit 
moose in some areas of the .susitna basin, detrimental 
effects of the project will likely result in a decline in 
the number of moose and altered distributions of this 
species throughout the basin. Because both migratory and 
resident populations of moose utilize areas in t~e imme
diate vicinity of the proposed impoundment area (Ballard et 
al. 1982.), impacts associated with each phase of the pro
ject could influence moose populations in other drainages 
removed from the Susitna basin. 

In this discussion, impacts of the Susitna project on moose 
wi 11 be assessed by determining the extent (temporal and 
spatial) to which carrying capacity for moose is reduced 
within the basin, and by the effect on population regula
tory mechanisms (Figures ). The effects of develop
ments that reduce carry1ng capacity or productivity of 
moose populations for a long period (i.e., more than 
10 years) wi 11 be considered as severe impacts. Moderate 
impacts may either affect a large proportion of the moose 
population for a short period (less than 5 years) or a 
smaller proportion of the population for long periods. 
Minor impacts will include very short term (less than 
1 year) effects. 

The direct impacts that will most severely affect moose 
population in the Susitna basin are, in order of decreasing 
severity, permanent loss of habitat, blockage of tradi
t i ana 1 migration routes, disturbance by machines and 
humans, hazards associated with the drawdown zone and 
alteration of habitat. The major secondary impact of the 
Watana development will be the provision of access to a 
previously remote area, and a substantial increase in 
hunting pressure with subsequent increases in moose mor
tality. 
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It is not possible, with currently available information, 
to reliably estimate the total numbers of moose that will 
be directly or indirectly affected by the Watana project. 
Ballard et al. (1982a) estimated that about 2400 moose 
would have home ranges that overlap an 8 km zone sur
rounding the impoundment area. This estimate was based on 
162 radio- collared moose from an estimated regional popu
lation of 4500 (total estimate for the Upper Susitna River 
Basin). Although this estimate is biased (see Ballard et 
al. l982a for a discussion), it does provide a rough esti
mate of the number of moose that may be affected by the 
project in the upper basin. 

The eventual fate of the estimated 2400 moose having home 
ranges that overlap the 8 km zone around the Watana and 
Devil Canyon projects is unknown; some will successfully 
disperse to other parts of the Susitna basin or to adjacent 
drainages, some may adapt to disturbances and wi 11 remain 
in the immediate vicinity of the impoundment, and some will 
die as an indirect or direct result of the development. 
Current studies will greatly refine this assessment. 

- Construction 

Construction of the Watana dam wi 11 involve intense con~ 
struction activities at the actual damsite, establishment 
of temporary camps and a permanent townsite, removal of 
forest cover in most parts of the impoundment, and the 
excavation and transportation of borrow material. The 
major impacts on moose during construction will be habi
tat loss or alteration, disturbance, interference with 
seasonal movements, and mortality associated with con
struction activities and hunting. 

Habitat Loss 

Clearing of the impoundment area, townsite, local 
transportation corridors, and operational areas will 
result in the permanent loss of some high quality habi
tat for moose in the upper Susitna basin. Campsites, 
borrow pits, and construction access roads will tempor
arily alienate smaller areas of habitat from moose use. 
There is no question that moose wi 11 be affected by 
this loss of habitat; browse availability will be 
reduced, wintering range, c a 1 vi ng areas and breeding 
areas wi 11 be 1 ost, movements may be altered as a 
result of behavioral or physical barriers, animals will 
be more vulnerable to predation and hunting (as a 
result of the loss of cover), and repeated human and 
mechanical disturbances may preclude use of some areas 
by moose. Accidental fires may also temporarily 
eliminate moose habitat, although in the long term 
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would provide additional areas of high quality browse 
to moose. 

C 1 eari ng of the i mpoundrnent area wi 11 remove a wide 
range of riparian, deciduous forest, coniferous forest, 
and muskeg communities which are important to moose 
during all or part of the year. Although some areas 
may develop sparse successional growth prior to flood
ing; inundation will eventually permanently destroy 
these habitats. The di stri but ion and occurrence of 
major plant communities in the Watana development area 
are discussed in Section 3.2(a). 

As discussed earlier (Section 4.2{a), (i)), current 
maps of forest cover types are poor measures of moose 
habitat quality. Forest cover types are based on the 
dominant tree species in the forest canopy and do not 
adequately assess shrub distributions and abundance. 
As a result, most browse components of moose habitat 
are not accurately characterized by forest canopy 
units at this time. Vegetation studies to determine· 
forage quality are planned, but until that information 
is available, assessments must be based upon the 
existing information. Moose habitat use {Ballard et 
al. 1982a) and plant community distributions 
(McKendrick et al. 1982) were assessed on the basis of 
forest cover units, and therefore the following assess
ment utilizes forest cover units to determine the 
potential effects of habitat loss on moose. 

To obtain a crude estimate of the importance of ~abitat 
loss to moose in the upper basin, we examined the pro
portionate losses of forest cover types in relation to 
their regional availability and the proportionate use 
of these forest cover types by moose during the spring, 
summer-fall, and winter periods (Table E.3.W72). 
Because summaries of moose relocations -were provided 
for all of the upper Susitna basin (i.e., the Watana 
and De vi 1 Canyon deve 1 oprnent areas), it was not pos
sible to separately examine the proportionate use of 
cover types by moose in each of the two areas. 

Proportionate losses of major cover types in relation 
to their availability in the Watana watershed indicate 
that 62% of the birch forests and 33% of the mixed 
forest communities wi 11 be removed by inundation. 
About % of spruce forest and 5% of birch shrub 
cover types also will be lost. All of the plant com
munities lost will be lower elevation areas. 
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Winter Use - There is a general consensus that moose 
populations in North America are ultimately limited by 
the avai 1 abi 1 ity and quality of winter range (Coady 
1982). High qua 1 ity winter range of moose is char
acterized by ( 1) abundant trees and shrubs that are 
most preferred by moose as winter browse, (2) consis
tently low snow depths in relation to surrounding 
areas, and (3) good interspersion of young seral growth 
{for foraging) and older aged forest stands {for cover) 
(LeResche et al. 1974, Peek 1974). The nutritional 
quality of browse (e.g., amounts of crude protein, 
fats, and carbohydrates, digestibility, total cal
ories), also is important in determining the quality of 
winter range (Oldenmeyer 1974). Other factors such as 
predation, hunting marta 1 ity, disease, and weather may 
reduce moose populations below the carrying capacity of 
the range (Figure 3._). 

Although the quality and quantity of winter range is 
likely the limiting determinant for carrying capacity 
of moose, it is critical to moose survival only during 
severe winters and may not be a preferred habitat or 
forage. Winter severity, particularly snow depth, 
strongly influences the use of winter browse by moose 
(Coady 1974; leResche et al. 1974). During mild 
winters when snow depths are low throughout much of the 
range, few moose may utilize critical winter ranges. 
Our i ng severe winters, however, deep snows may force 
high numbers of moose to overwinter in limited areas. 
The limiting effect of critical winter range may thus 
only be evident during periods of severe winter condi
tions. 

Although not observed during current moose studies in 
the upper. Susitna basin (Ballard et al. 1982a), 
earlier studies of moose in the basin (U.S. Fish and 
wildlife Service 1975, Ballard and Taylor 1980) suggest 
that during severe winters with heavy snowfa 11, moose 
move from upland shrublands to mixed spruce deciduous 
woodlands at lower elevation. Mild winters with lim
ited snow cover during 1980 and 1981 are thought to 
have resulted in the use of upland areas by moose in 
the Susitna Basin and their absence from 1 ower eleva
t ion sites. A census of the Watana impoundment on 
March 25, 1982 (a time when most moose that used the 
impoundment area in that year waul d be found there) 
determined that 260 moose occurred in the Watana im
poundment area. The Watana impoundment area includes 
several large areas of river valley bottomland that are 
probably critical to moose survival during severe 
winters. Observations of intense browsing of bottom
land shrubs by ungulates (McKendrick et al. 1982) 
support this suggestion and indicate that browse re
sources in bottomland areas may presently be at, or 
near, their carrying capacity. 
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Because low elevation riparian shrub, deciduous forest, 
coniferous forest, and muskeg habitats wi 11 not be 
avai 1 ab 1 e in areas adjacent to the impoundment, the 
removal of these habitats by initial clearing activi
ties and 1 ater flooding wi 11 deprive moose of a 1 arge 
area of high quality winter range. Assuming that 
bottomland browse resources throughout the upper 
Susitna basin are presently fully ut-ilized by moose, 
c 1 eari ng and flooding of the impoundment wi 11 force 
moose· to depend on and 1 ike 1 y over-uti 1 i ze the remain
ing winter range. Increased mortality can be expected 
due to st arv at ion and increased predation. 

Spring Use - During recent moose studies, many of the 
radio-tagged animals moved to lower elevation habitats 
adjacent to the Susitna River during late spring. It 
is be 1 i eved that these movements are re 1 ated to the 
earlier snowmelt and emergence of new plant growth in 
low elevation sites (Ballard et al. 1982). Because 
moose typically have a negative energy balance during 
winter and are in poor physiological condition by late 
spring {Gasaway and Coady 1974), the avai 1 abi 1 ity of 
new plant growth may be critical to survival. During 
the spring, parturient cow moose commonly used low 
elevation sites along the upper Susitna valley, presum
ably to calve. The availability of new plant growth 
and suitable shrub cover in these low elevation sites 
is thought to be important to the survival of both the 
cow and her calf. Bull moose and cow moose without 
calves also utilize the low elevation habitats during 
the spring. 

Clearing and flooding of bottomland areas would reduce 
the available area of these lower elevation sites where 
spring snow melt and p 1 ant emergence appears to be more 
rapid. Because micro-climatic changes resulting from 
the impoundment are suggested to delay spring greenup 
by 5-15 days (McKendrick et al. 19e2) and because 
remaining habitats around the impoundment area will be 
at higher elevations, moose may be deprived of a large 
area of early spring habitat. This impact would be 
most severe following winters with deep snowfalls when 
moose may be highly dependent on the availability of 
these spring foraging areas • 

C 1 eari ng of the impoundment a 1 so wi ll result in the 
loss of several areas, which on the basis of concentra
tions of calving moose, may be. traditional calving 
sites. Although it has not been shown that moose use 
traditional calving areas, as do several other species 
of ungulate, studies by Markgren (1969) and Stringham 
(1974) suggest that calving areas may be used 
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repeatedly by individual cows. Predation upon moose 
calves by brown bears is a major mortality factor of 
moose during the spring and summer (Ballard et al. 
1980), and displacement of parturient cow moose from 
calving areas may increase the vulnerability of their 
calves to predation. 

Summer and Fall Use - Because most moose in the upper 
Susitna basin commonly move to upland shrub habitats 
during summer and fall, loss of bottomland communities 
will not have serious effects on summer and fall habi
tat use. However, some moose remain in the valley 
bottoms throughout the year and would be displaced from 
their summer and fall range. 

Although repeated human and mechanica 1 disturbances 
could result in an alteration of activity budgets and 
so reduce the amount of time that is available for 
growth, survival, and production, a more serious imme
diate impact is the alienation of some portions of the 
range as a result of possible avoidance of human acti
vity areas. Prolonged avoidance may result in an 
effective loss of habitat and animals may concentrate 
in limited areas of prime range or subsist on marginal 
range. Either scenario could result in a reduction in 
carrying capacity and eventual population declines 
(So puck et a1. 1979). 

Moose appear to be more tal erant of disturbances than 
most ungulates (Tracy 1977), particularly if distur
bances are predictable, neutral stimuli such as moving 
vehicles (Kucera 1976; Schultz and Bailey 1978). Cow
calf pairs generally respond more strongly than bulls 
and cows without calves (Tracy 1977). If moose are not 
directly approached by humans or machines, they appear 
to tolerate even moderate and high activity levels. 
For example, repeated aerial surveys of moose in the 
vicinity of the Revelstoke hydroeletric project in 
British Columbia over a five-year period that spanned 
pre-construction and construction phases, indicated 
that moose ·numbers had not changed despite frequent 
blasting and heavy industrial activity (R. Bonar, pers. 
comm.). Observations of moose, including cows and 
calves, in close proximity to active oil sands extract
ion plants in northern Alberta despite frequent mechan
ical disturbances and blasting, support this obser
vation (J. Green, pers. comm.). However, toleration 
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of such activities by moose appears to occur only in 
the absence of high 1 eve 1 s of human harassment and 
hunting. Moose can be expected to strongly avoid human 
activity areas if harassment and hunting commonly 
occur. 

Assuming that the Watana dam construction site and 
associated facilities are restricted to as small an 
area as possible and that hunting and harassment is 
prohibited~ moose will probably continue to utilize 
forested areas near these sites. If hunting is 
permitted, moose will avoid the major activity centers, 
resulting in an additional loss of habitat beyond that 
associated with only the impoundment and construction 
areas. 

Because the clearing of the impoundment will involve 
noisy and unpredictable disturbances, moose will 
probably avoid the areas of active clearing. As a 
result of avoiding these disturbances as well as a lack 
of cover in cleared sites, moose will gradually 
concentrate in areas adjacent to the impoundment during 
·the three to four year c 1 eari ng program. The 
concentration of moose in these areas will increase 
intraspecific competition for food and space. In turn, 
mortality of moose as a result of starvation and 
predation may increase, natality may decrease, and 
carrying capacity and population productivity will 
gradually decline. 

Aircraft enroute to or from the Watana airstrip may 
cause minor disturbances to moose. In general, most 
aircraft are expected to maintain high altitudes except 
during landing and take-off, and will not be a major 
disturbance stimuli. Frequent, low-altitude flights by 
fixed-wing aircraft or helicopters may elicit panic 
responses in moose. Because the intensity of reactions 
to aircraft by ungulates is influenced by such factors 
as the time of year, distance of the aircraft from the 
animals, group size, sex and age composition, type of 
aircraft, activity of the animals, and the type of 
terrain (Sopuck et al. 1979), it is difficult to 
generalize potential impacts on moose of repeated 
aircraft disturbance. The use of wooded areas on or in 
the immediate vicinity of several international 
airports in Canada, suggests that if moose are not 
harassed, they do habituate to even low altitude and 
frequent overflights of aircraft (Green 1981). 
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. Interference With Seasonal Movements 

Watana impoundment may interfere with river crossings 
and s easona 1 movements of moose in the upper basin. 
Clearing of the impoundment area will not physically 
obstruct movements but may interfere with these move
ments as a result of moose avoiding active clearing 
operations or the expansive clear-cut areas. Increased 
visual exposure to predators and hunters may inhibit 
moose from crossing these cleared areas. Several 
studies have documented avoidance of large clear-cut 
areas by moose (Hamilton and Drysdale 1975; Parker and 
Morton 1978; Tomm 1978); in general, moose appear 
reluctant to enter areas where they would be far (i.e., 
more than 150-200 m) from forest cover. Fa 11 owing 
fi 11 i ng, the Wat ana impoundment wi 11 canst itute a 
greater obstacle to seasonal movements of moose than 
did the river. A more detailed discussion of the 
effects of the Watana development on seasonal movements 
is discussed below under Filling and Operation. 

Mortality 

Although a few moose may be killed as a result of col
lisions with vehicles or other accidents associated 
with construction activities, the effect of these mor
talities on moose populations will be negligible. The 
most serious mortality factor associated with the con
struction of the ~~atana Dam probably would be the 
increase in hunting associated with the influx of 
people into a previous1y remote area. Effects of 
increased hunting on moose are described more fully in 
Section 4. 3 (c) , ( i ) . 

Alteration of Habitat 

Alteration of habitat ar1s1ng from construction activi
ties will be minimal. Some alterations may actually 
benefit moose but the size of these areas wi 1 T be 
insignificant in relation to the overall size of the 
project. Successional growth of herbs and shrubs in 
temporarily cleared areas such as borrow pits, con
struction roads, and campsites will provide some addi
tional new forage for moose, assuming that moose return 
to these areas. More forage may be available for a 
short period in the cleared impoundment area following 
clearing and before filling. 
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-Filling and Operation 

During the fi 11ing and operations phases of the Watana 
development, the major impacts to moose will be permanent 
loss of habitat, alteration of habitats upstream and 
downstream of the damsite, blockage of movements, di stur
bance, and increased accidents and hunting mortality . 

. Permanent Loss of Habitat 

As flooding of the impoundment area proceeds, a variety 
of bottomland and low elevation habitats along the 
Susitna River wi 11 be permanently lost. As already 
discussed for the construction phase of the project, 
clearing of the impoundment area will result in a sub
stantial reduction of the value of these areas to 
moose. By the time these areas are flooded, few or no 
moose may be uti 1 i zing these areas. However, the i m
poundment wi 11 prevent any successional growth from 
becoming established and will permanently alienate the 
area from moose use. The consequences of the loss of 
these low elevation areas has already been discussed. 

As a result of the habitat loss, moose will be forced 
into adjacent areas. Although it has not been possible 
to determine the distance moose will disperse from the 
impoundment area, it is clear that densities in adja
cent ares will increase rapidly during the ~learing and 
filling of the impoundment. Hunting guides in the 
vicinity of the W.A.C. Bennett dam in northern British 
Co 1 umb i a reported an increase harvest of moose in areas 
near the impoundment for a few years following flooding 
(K. Child, pers. comrn.). Increased moose densities 
could result in a decline in habitat quality in adja
cent areas. Information on browse uti 1 i z at ion and 
availability is now being analyzed for the upper 
Susitna study area. If over-utilization of food 
resources, particularly winter browse (generally con
ceded to be a major limiting factor in moose popula
tions) occurs, increased mortality and decreased pro
ductivity can be anticipated. 

During the operation of the Watana dam, a maximum draw
down of 29 m wi 11 create an unvegetated shoreline zone 
that in the Watana Creek area may be over 1 km wide. 
The area wi 11 be covered during the 1 ate spring to 
early summer, and will be exposed gradually during the 
late summer, fall, and winter periods. Although a few 
herbs and forbs may become established during early 
summer, most of the area wi 11 remain a bare mud slope. 
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Fine material will gradually move downslope so that 
much of the upper drawdown zone wi 11 eventually be 
composed of coarser material. Except during crossings 
of the reservoir, it is unlikely that moose wi 11 
utilize the drawdown area. Hazards of the drawdown 
area to moose movements are discussed below • 

• Alteration of Habitats 

The Watana Project will result in the alteration of 
plant co!TDllunities in both the upstream and downstream 
Susitna basins (Section 3.3 (a)). These alterations 
will affect moose use of existing habitats and may have 
some effects on the long-term productivity of popula
tions. 

Ueper Susitna Basin - Based on analyses of home ranges 
and seasonal movements {Ballard et al. 1982a), moose 
commonly utilize lower elevation habitats in close 
proximity to the future impoundments. Vegetation in 
the areas immediately adjacent to the impoundment may 
be altered as a result of several mechanisms such as 
minor changes in seasonal temperatures, wind direction 
and speed, and ice fog preventing direct sunlight from 
reaching the ground (see Section 3~3 {a)). 

If the proposed reservoirs decrease either spring day
time temperatures (Baxter and Glaude 1980) or insola
tion, the spring green-up period may be delayed. This 
phenomenon is comp 1 i cated by the fact that some plants 
use photoperi ad rather than temperature to trigger 
early spring growth (see Section 3.3). Parturient cow 
moose, as well as male and young moose, were observed 
to move down to lower elevation areas of the Susitna 
River during the early spring, presumably to utilize 
the early emerging vegetation. Assuming that the 
timing of the spring green-up is important to the con
dition of parturient cows and the sur vi val of their 
calves, any delay in green-up may reduce the survival 
of calves. If moose are forced to utilize higher 
elevation areas where green-up is later (in comparison 
to low elevation sites), a reservoir-mediated delay in 
green-up would further aggravate problems of nutrition
al stress during the spring period. 

Erosion of the impoundment shore will likely occur 
during the period of maximum fill until the new banks 
become stabilized. In particular, permafrost slumping 
along the south shore of the impoundment may eliminate 
1 arge areas of habitat along the shore. Areas of suc
cessi ana 1 vegetation, favorable to moose, may devel cp 
on these areas along the shores of the reservoir. 
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Lower Susi~na Basin - Changes in the flow regime will 
alter the ava1lability and local distribution of impor
tant moose habitat in the lower Susitna basin. The 
hydrological changes will vary considerably along the 
lower reaches of the Susitna River due to the diluting 
effect of tributaries as well as changing channel mor
phology (see Section 3.3 (a)). Differences between 
pre- and post-project flow regimes wi 11 be greatest 
upstream of Talkeetna, whereas downstream of the Yentna 
River confluence, few changes are expected in channel 
morphology, frequency of flooding, or vegetational suc
cession. Post-project river stage downstream of 
Talkeetna wi 11 be less than lower than natural con
ditions (see Section 3.2). 

Any changes in vegetation resulting from the project 
are expected to have either a positive effect, or no 
effect, on the moose popu 1 at ion between De vi 1 Canyon 
and Talkeetna during the license period. Much of this 
river reach is bordered by steep side slopes with only 
small quantities of moose browse. Newly-exposed areas 
immediately adjacent to the river channel will usually 
have a gravel or cobble substrate. Vegetation develop
ment will still be in the mid-successional stages 
favored by moose by the end of the license period. 

The extent of early successional areas created by ice 
scouring in the Devi 1 Canyon-Ta 1 keetna reaches of the 
river may be reduced slightly as a result of reduced 
spring flows, but because ice production in Devil 
Canyon is expected to continue near existing levels 
until the Devil Canyon dam is constructed, ice-scouring 
of the river banks will continue. 

Female moose in the area north of Talkeetna appeared to 
move to and use riparian habitats and river islands 
during the calving period (Modafferi 1982). Islands 
appeared to be particularly good calving areas, perhaps 
as a result of lower numbers of predators (Stringham 
1974). Lower flows in the Susitna River resulting from 
the Watana project likely will result in a redis
tribution of riparian and island habitats, rather than 
substantially altering their composition or abundance. 
Lowered river flows will probably result in early suc
cessional vegetation becoming established on the 
newly-exposed portions of the bank and a gradual suc
cession to climax vegetation in existing riparian 
stands. Most river islands will expand in size, thus 
providing more calving areas. If any islands become 
connected to the river banks, their value as calving 
areas may decrease. 
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It is anticipated that the frequency of bankfull floods 
in the 1 ower reaches of the Su si tna between Ta 1 keetna 
and Cook In let wi 11 decrease from one flood in two 
years to one flood every 5-10 years ( Bredthanuer and 
Drager 1982). This will permit riparian communities to 
become established in more frequently-scoured areas and 
may result in a net increase in riparian habitats. 
Because flooding wi 11 continue, albeit at a less fre
quent interval, renewal of riparian areas in the 
Talkeetna-Cook Inlet reaches of the Susitna River is 
not expected to change. 

Some icing of vegetation is expected to occur wherever 
open water persists, such as in the reach immediately 
downstream of the Watana dam. It is not known how far 
back from the river that icing will occur; local air 
temperature, wind direction and speed, length of open 
water and other environmental factors will determine 
the extent of the icing effect. At the Peace Canyon 
Dam icing has been limited to the canyon immediately 
adjacent to the open water (R. Movold pers comm.) 
Although icing of vegetation may reduce the avail
ability of winter browse to moose, and could influence 
plant abundance and species composition over a long 
period, it is unlikely that the area of shrub commun
ities that may be affected wi 11 be of sufficient size 
to substantially affect the availability of winter 
range for moose . 

. Blockage of Movements 

Information on seasonal movements of moose in the upper 
basin identified several sites along the river where 
moose crossings tended to be concentrated, Ba 11 ard et 
a l. (1982a). Depending on the time of year, moose 
attempting to cross the impoundment would encounter 
open water or uncertain ice conditions. Because all of 
the recorded moose crossings of the Susitna River 
during 1980-81 occurred during May to November, moose 
wi 11 most commonly encounter open water conditions. In 
addition, these animals would have to descend over mud 
flats or ice blocks within the drawdown area. Percen
tage slopes of the drawdown area in the Watana impound
ment will range from less than 5 percent to as high as 
115 percent (Hanscom and Osterkamp 1980). As a result 
of both the physical and visual barrier effects of the 
impoundment, it is likely that some moose movement will 
be blocked by or the impoundment. 

Moose in British Columbia do not seem to cross the open 
river area below dams in winter (Harper, pers. comm.). 
The stretch of open river between Watana and Devi 1 
Canyon during winter wi 11 interfere with moose cros
sings during that season. 
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Moose in Alaska are adapted to and are dependent on 
seral habitats for at least a portion of their seasonal 
range (LeResche et al. 1974). With the exception of 
riparian zones, which are seral communities with pre
dictable locations, most successional communities are 
products of random events such as forest fires, slides 
or storms. To utilize new successional areas, moose 
must maintain some degree of flexibility in their sea
sana 1 and region a 1 movement patterns. If season a 1 
movements of moose is blocked or altered by the pro
ject, it is not known whether these changes will have 
major detrimental effects on the local or regional 
moose populations. It is possible then that surviving 
moose in the vicinity of the impoundment will alter 
seasonal movements and crossings to maximize use of the 
remaining browse and forage supplies. 

Blockage of seasonal movements, particularly to winter 
ranges or to calving areas, could severely affect moose 
populations if no alternative ranges are were avail
ab 1 e. Moose di stri but ions during 1980 suggested that 
relatively high concentrations of moose overwintered on 
both sides of the proposed impoundment. Lac at j ons of 
moose during the calving period similarly suggested 
that although moose were located more often to the 
north of the impoundment, animals probably calved on 
both sides of the impoundment. Relocations of moose 
during 1981-82 suggest that although some moose cross 
the Susitna River to winter or calve, suitable habitat 
for calving and wintering are available on both sides 
of the valley. Moose have been known to starve to 
death in a traditional foraging area, even though 
adequate habitat occur nearby (Ballard, pers. comm.). 

Additional information on the availability of critical 
winter range and calving habitats following flooding is 
being obtained to more accurately assess the impacts of 
interference with seasonal movements . 

. Disturbance 

Mechanical and human disturbance should decline in the 
impoundment and construct ion areas once the Watana dam 
is operational. Although it is not known to what 
extent the region wi 11 be used for recreational activ
ities, increased access will increase levels of distur
bance through at a level lower than during construc
tion. If animals are not directly harassed, distur
bances during the filling and operation stages, with 
the exception of hunting, will at most have a slight 
effect on moose distributions. 
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. Mortality 

During the filling and operational phases of the Watana 
project, hunting mortality of moose may be much greater 
than current levels. Construction workers may hunt, 
and improved access wi 11 permit hunters to reach many 
more areas within the Susitna basin. Hunting pressure 
will likely increase rapidly during the first five to 
ten years of the project and increased kills of moose 
are expected. Hunting may help to remove displaced 
animals from the remaining range {assuming adjacent 
areas are over-utilized as a result of moose dispersal 
from the impoundment area) . 

Some mortality of moose may result from animals being 
injured on ice shelves, falling through the ice after 
the water level has been drawn down (Harper, pers. 
comm.), or from animals becoming mired in the drawdown 
area. Moose have also become trapped and drowned in 
floating debris within impoundments (K. Child, pers. 
comm.). The number of moose accidently killed as a 
result of the fi 11 i ng or operation of the Watana 
project will likely be small and the effect on the pop
ulation will be minimal. However, highway or railroad 
kills associated with the project may be substantial 
(see below). 

- Quantification of Project Effects 

The loss or alteration of moose habitat in the upper 
basin during both winter and summer has been identified 
as the major impact of the project on moose. The popula
tion-based studies conducted to date indicate the magni
tude of use of areas by the existing populations during 
the study, but do not allow a quantitative assessment of 
the potential of the habitat to support moose under vary
ing environmental conditions. To estimate moose carrying 
capacity in the Susitna project area, a moose bio- ener
getics model is being developed. This habitat-based 
assessment, in combination with the population-based 
assessment currently underway, should provide a strong 
basis for impact prediction and mitigation planning. 

Carrying capacity mode 1 s based upon the nutrient require
ments of the animal and the capacity of the range to 
supply these necessary nutrients have recently been 
developed (Moen 1973, Wallmo et al. 1977, Mautz 1978). 
The nutritional interfaces between the animal and range 
are forage selection, ingestion and digestion. Forage 
quality can be assured by measuring available nitrogen 
and energy. Other nutritional entities are requisite to 
the health of wild ungulates, but they are seldom the 

"limiting factor. A simulation model of ruminant energy 
and nitrogen balance developed by D. M. Swift (1981) has 
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been adapted to moose (Regelin et al. 1981, Schwartz et 
al. 1981). This model predicts rates of daily forage 
intake and changes in body weight and composition of an 
individual moose based upon the composition and quality 
of ingested forage. The basic research necessary to 
adapt the mode 1 to moose was conducted at the Moose 
Research Center near Soldotna, Alaska, during the past 
five years. Required information to. adapt the mode 1 to 
moose included moose energy and protein requirements, 
digestive capacity, reumen turnover time, rate of pas
sage, and partitioning of energy from gross energy intake 
to net energy available for production (Regelin, pers. 
comm.). 

Specific information on the range nutrient supply must be 
collected from each area where carrying capacity is to be 
predicted. The data needs are the amount of available 
forage, quality of the forage and food habits of moose. 
The data are first used in the ruminant sub-model to 
predict daily intake rates. A separate model (Hobbs 
1982) then estimates the potential carrying capacity of 
the area. The total amount of d\gestible energy and 
crude protein available to moose is calculated. The 
carrying capacity is determined by dividing the daily 
requirements for digestible energy and crude protein into 
the total amount available. Separate estimates are made, 
based upon crude protein and digestible energy. Carrying 
capacity can be expressed as the number of moose days of 
use or the number· of moose. Carrying capacity can be 
predicted for summer or winter periods. 

The ruminant sub-mode 1 has been adapted to moose and pro
duces realistic outputs; however, the model has not been 
validated under field conditions. There are currently 
plans to validate the model using moose within four 1 
mi2 pens at the Kenai Moose Range. Potential carrying 
capacity will be predicted in each enclosure, and each 
wi 11 be stocked with moose at different densities. The 
moose will be weighed periodically to determine if the 
sub- model correctly predicts changes in the body 
weight. 

Specific data needed to quantify the carrying capacity of 
moose within the "impact zone 11 of the Susitna Dam project 
are listed below (Regelin, pers. comm.): 

. Detailed vegetation maps of the area within 8 km of the 
Watana impoundment area. The areal extent of each 
vegetation type must be calculated and the spatial 
distr'ibution of each type must be determined. 

Standing crop biomass of moose forage within each vege
tation type must be determined through appropriate 
sampling methods. 
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. Food habits of moose during October, February, May, and 
July need to be determined. Fresh fecal pellets should 
be collected at each season and analyzed by the micro
histological technique to determine food habits . 

. Seasonal nutritional quality of moose forge needs to be 
measured. Important forage species (4-6 species) 
should be collected during October 1982, May and July 
1983. Only plant parts eaten should be collected from 
several locations within the area. Samples should be 
ground in a Wi 1 ey mi 11 and ana 1 yzed for N content and 
in vitro digestibility. Moose rumen fluid should be 
utilized in the in vitro digestion process. 

' 

. Average daily temperature and wind speed at or near the 
damsite should be collected. 

- Watana: Summary of Impacts 

The construction and operation of the Watana dam wi 11 
have severe impacts on moose populations in the upper 
Susitna basin. Based on the number of moose affected and 
the duration of the irripact, the major impacts o the 
Watana development are, i3n order of decreasing severity, 
loss of critical habitats by clearing and inundation, 
blockage of movements, disturbance, accidental mortality, 
alteration of habitat, and increased hunting mortality. 

Clearing and inundation will permanently destroy large 
areas of habitat that are regionally important as winter 
range, calving areas, and breeding areas. Although moose 
may not be directly killed by these impacts, dispersal of 
moose from the impoundment area will result in increased 
moose densities in surrounding areas and an increased 
potential for over-utilization of browse and intra
speclfic competition for space. In turn, these effects 
will probably result in increased mortality associated 
with nutritional stress and predation, decreased 
natality, and, hence, lowered productivity. 

Blockage of movements may have moderate to severe impact 
on moose if alternative areas for wintering, calving and 
breeding are not readily avai Table for migratory subpopu-
1 at ions of moose that cross the Susitna River. The 
combined effects of hunting, disturbance and accidental 
mortality may aggravate the effects of interference with 
movements. 

Disturbances and accidental mortality may affect a small 
number of moose throughout the duration of the project. 
The effects of these impacts on population productivity 
or carrying capacity will be minimal, if at all detect
able. 
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Alteration of habitat may adversely affect moose in some 
areas of the upper basin if green-up, snow-melt, and 
habitat composition is altered greatly by the impound~ 

ment. In contrast, moose downstream may benefit from an 
increase in the extent of riparian habitats during the 
license period. 

Increased public access to the construction area wi 11 
result in increased hunting pressure and increased hunter 
mortality. In addition, disturbance/harassment of moose 
by hunters will result in avoidance of more accessible 
areas, effectively resulting in an adclitional loss of 
habitat to that discussed above. Hunting pressure is 
anticipated to persist indefinitely in the area unless 
prohibited by government regulations or area closures. 
However, because hunting mortality can be easily regula
ted, this wi 11 not necessarily be a major impact. 

Caribou 

- Construction 

Construction activities in the immediate vicinity of the 
Watana Dam are unlikely to greatly affect caribou of the 
Nelchina herd. 

The construction site will remove only a small portion of 
infrequently used habitat. Although some caribou may 
encounter and avoid areas of intensive human activity, 
this should not result in any population effects. Pro
posed borrow sites also cover a relatively small propor
tion of infrequently-used caribou habitat and are tem
porary facilities. Borrow areas A, D, and F are more 
likely to be frequented by caribou than are the other 
potential borrow areas. Most use of these areas is 
attributable to summer use by bulls, and it is unlikely 
that the cow/calf segment of the Nelchina herd will come 
close to the borrow areas during annual movements. 
Although bull caribou appear to be less sensitive to 
human activity and disturbance than other portions of the 
herd, they may still avoid the areas during active mining 
to a limited extent. As a result, the borrow areas will 
represent an inconsequential loss of summer bull habitat. 
Caribou may avoid the construction camps and permanent 
villages, but again these areas remove a relatively small 
area of infrequently-used habitat. Aircraft traffic will 
increase considerably in the upper basin as a result of 
the project. The degree of response of caribou to air
craft disturbance depends on many factors including 
aircraft type, altitude and horizontal distance from the 
animals, season, group size and composition, previous 
activity, herd experience and habitat type. There is 
some evidence that aircraft disturbance could result 
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directly in the death of young animals (DeVos 1960, 
Mi 11 er and Broughton 1973); however, no unequivocal 
evidence of this for wild animals is available, and 
except for intentional harassment of animals by aircraft 
or low-. altitude flights causing groups of animals to 
stampede, the main concern of aircraft harassment is 
related to its energetic effects. Caribou and other 
large mammals often react to a low-flying aircraft by 
running~ The energetic cost of running in caribou can be 
8 to 20 times the basal metabolism (Geist 1975), and 
there is some evidence that the energy costs to animals 
that show no overt response at a 11 to disturbance are 
nevertheless increased (e.g., MacArthur et al. 1979). 

Most studies have found that fixed-wing aircraft are less 
disturbing than helicopters, other factors being equal 
(Klein 1974, McCourt et al. 1974, Surrendi and DeBock 
1976, Fischer et al. 1977, Miller and Gunn 1979) although 
horizontal and vertical (altitude) distance have not 
always been distinguished. Shank (1979) generalized 
results of all these studies and suggested that response 
levels decreased rapidly with increasing distance from 
the aircraft up to distances of about 80 m. Beyond 80 m, 
response levels decreased more slowly and there was great 
variability in the level of response at particular alti
tudes. The results of both Fischer et al. (1977) and 
Miller and Gunn (1979) suggest that response levels 
decrease with increasing horizontal distance in a much 
more regular manner than the decrease in response with 
decreasing vertical distance. 

From the various studies that have been conducted on 
large mammals, and by extrapolating from the domestic 
reindeer literature (Zhigunov 1968, Klein 1971), it is 
evident that very high levels of disturbance from low
flying aircraft could effect the productivity of cari
bou; however, if pilots maintain an altitude of at least 
300 m agl whenever possible (600 m agl over the calving 
grounds during April-July), there is little evidence to 
suggest that caribou would be seriously effected by air
craft associated with project construction and opera
tion. 

-Filling and Operation 

Information collected on the movements of the Nelchina 
caribou herd since 1947 indicate that the proposed Watana 

·impoundment would intersect a major caribou migration 
route. This has led to concerns that the impoundment and 
other project facilities might serve as barriers to cari
bou movements, cause a decrease in use of portions of the 
range, increase the mortality rate, and tend to isolate 
one or more subherds having separate calving grounds. 
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However, large movements of caribou across either of the 
proposed impoundments areas have occurred only once since 
1973 (Skoog 1968, Pitcher 1982). Hemming (1971) reported 
that as the herd increased in size between 1947 and 1962, 
shifts in range use and seasonal splitting both increased 
in frequency and the herd expanded its range. Con
versely, as numbers decreased after 1962, the area 
occupied by the herd contracted toward the tradi t i anal 
calving area in the Talkeetna Mountains. 

It thus appears that there is a close relationship be
tween herd size and the potential for adverse impacts due 
to the Susitna hydroelectric project. If the herd were 
allowed to increase to 40,000 or more caribou, we would 
again expect 1 arge movements of caribou across the Watana 
impoundment and Denali to Watana access road. However, 
major movements across these facilities are not expected 

·under the current Nelchina caribou management plan (AOF&G 
1976), which includes a management guideline to harvest 
the annual increment after the herd reaches 20,000 adult 
caribou. This discussion assumes that herd numbers will 
remain near 20,000 during the 1 i cense peri ad in concor
dance with the State's herd management plan. It must be 
recognized, however, that a reassessment of the potential 
impacts of the Susitna hydroelectric project on the herd 
may be necessary if a management plan calling for a much· 
larger herd size is adopted in the future. 

The area to be flooded by both the Watana and Devi 1 
Canyon impoundments represents much less than one percent 
of the Nelchina herd's range (Pitcher 1982). Skoog 
(1968) considered the upper Susitna bottomland to be low 
quality grazing habitat, but noted its importance to 
migrating animals at several times of the year. The loss 
of caribou habitat as a result of inundation wi 11 there
fore not be of major consequence to the herd, and by 
itself should not cause any change in herd size, produc
tivity, or distribution patterns. 

The Devil Canyon impoundment would occur in an area which 
has received little caribou use and would probably be of 
minor significance to the Nelchina caribou herd (Pitcher 
1982). In contrast, the potential for the Watana reser
voir to interfere with the migration of caribou between 
portions of the herd's range and increase mortality dur:.. 
ing migration as a result of hazards created by the 
impoundment, is of much greater concern. Although the 
1 arge movements of caribou recorded in the past across 
the proposed Watana impoundment area have not occurred in 
recent years, the area is still used by many caribou as a 
travel route. Nine crossings of the proposed impoundment 
by six radio-collared caribou were documented during 
studies in 1980 and 1981, and other caribou apparently 
walked along the river ice between the Tyone and Oshetna 
Rivers area to Kosi na Creek and Watana lake, where they 
then moved into the Talkeetna Mountain foothills. 
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Crossings of the impoundment in 1980 and 1981 occurred 
mostly between Apri 1 10 and May 31, and between August 1 
and September 30 (Pitcher 1982). About 10% of the main 
herd crossed the river during October 1982 (Pitcher, 
pers. comm.). 

The annual drawdown of the reservoir in winter will re
sult in the impoundment being at its lowest level at the 
time of the spring migration, in late April and early 
May. At this low point, the impoundment will average 
approximately 29 m (95 ft) lower than when it is full in 
October. The gradual winter drawdown will result in the 
for mat ion of ice b 1 ock s grounded on the shore. Where the 
slopes of the shoreline are gradual, such as along the 
Watana Creek drainage, the blocks wi 11 be wide and flat 
and more easily traversed. Where the banks are steeper, 
the ice will be fractured into smaller blocks and pile up 
as ice moves up from below and slides down from above; 
these areas may be more difficult for caribou to cross. 
It is pass i b 1 e that some caribou may be killed or 
seriously injured when crossings. 

During the ice-covered reservoir period, the prevailing 
northeast winds will tend to sweep the reservoir clear of 
snow or at least will ma.intain a smooth flat surface. 
Drifting snow is thus expected to accumulate near the 
southwest end of the reservoir. Since the reservoir will 
be lowered throughout the winter, it is likely that any 
large drifts will remain within the reservoir area, 
a 1 though there wi 11 undoubtedly be some increased 
drifting in vegetated areas adjacent to the reservoir as 
well. This drifting may mask any ice shelving effects 
a long the south bank of the reservoir near the dam, but 
the resulting deep snows may act as a physical barrier to 
caribou movements in this. area if they are not wind 
packed. 

Logs and other debris in the impoundment may present an 
additional hazard to caribou crossing. Williston Lake, 
formed by the w.A.C. Bennett Dam in northern British 
Columbia, presently has debris rafts covering several 
square miles, and the combination of logs, wide mud flats 
and ice shelves presents a formidable obstacle to animal 
crossing the reservoir. On one occasion a group of 5 
caribou crossing the reservoir in mid-July got caught in 
some logs and all of the animals drowned (R. Bonar, pers. 
comm.). A program of log removal has been implemented at 
that project. Similar problems with debris rafts can be 
expected to occur on the Watana Reservoir. It is pre
dicted that ice blocks will not melt until late June 
(Bredthauer and Drage 1982: 5-7). Caribou may traverse 
more easily through standard ice than exposed mud flats. 
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It is not clear how caribou will respond to the changed 
environment which the impoundment will create. The 
severity of the obstacle caused by the shore ice condi
tions, mud flats, and log debris will vary depending on 
the stage of breakup and the point at which the caribou 
reach the impoundment. Although it is not possible to 
predict exactly how caribou will respond to the Watana 
impoundment, the possible reactions of the Nelchina herd 
to the impoundment have been placed in the following 
order based on responses of caribou to rivers and lakes 
in other areas (starting with the most likely reaction 
and proceeding to the least likely reaction; Banfield, 
pers. comm.; Roseneau, pers. comm.): 

• The caribou will manage to cross the impoundment safely 
in the Watana and Koslna creek areas. 

The caribou will travel eastward and cross the Susitna 
River in the· vicinity of the Oshetna and Tyone rivers 
on ice-covered flats. 

The caribou will make hazardous crossings with in
creased mortality . 

. The caribou wi 11 refuse to cross the impoundment and 
reverse direction. 

The Watana impoundment should not cause any substantial 
caribou mortality during the summer and fall open-water 
peri ad, but it may great 1 y influence the movements of 
some caribou during that time. Caribou are excellent 
swimmers, but large lakes and swift rivers can change the 
direction or tim·ing of movements. Skoog (1968) reported 
that 11 even though caribou are excellent swimmers and gen
erally take readily to the water, frequently I have noted 
how a movement will change direction upon encountering a 
large lake or river and will parallel the waterway rather 
than cross it. 11 Banfield and Jakimchuk (1980 in Pitcher 
1982) state that 11 Caribou prefer to avoid open water, 11 

and that 1 arge 1 akes are often crossed at narrow points 
or where islands provide interim stopping points. It 
thus seems likely that caribou approaching the reservoir 
in the Watana Creek vicinity, for example, might parallel 
the shore to an area where the impoundment is narrower. 

Da 11 Sheep 

- Construction 

The three Dall sheep populations identified in the 
Susitna basin are most likely to be affected by the proj
ect through disturbance (i.e., aircraft traffic, con
struction noise, presence of workers), increased access 
by hunters, and habitat loss. Each of the populations 
wi 11 be affected to a different degree as a result of 
their distribution in relation to project facilities. 
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The Mount Watana population does not occur near the 
impoundments, access roads, or borrow areas at any time 
of the year, and is 1 ikely to be affected only be 1 ow
flying aircraft crossing between the Susitna and 
Talkeetna river drainages. Disturbance from low-flying 
aircraft is also of concern with the Portage-Tsusena 
Creek population; however, an additional consideration to 
be discussed is the close proximity of borrow area C on 
upper Tsusena Creek. The ~~atana Hills population will be 
most affected by the project due to the partial inunda
tion of a major mineral lick on Jay Creek used by this 
population. As will be discussed, the frequent disturb
ance of sheep at the 1 ick by project personnel and recre
ati ani sts is expected to have a greater affect on the 
sheep than wi 11 the partial inundation of the 1 i ck. 

The impact of intensified human activity on Dall sheep 
populations is not completely understood, but some gen
eral predictions can be made. If an animal is exces
sively aroused, as from human disturbance, the added cost 
of excitement or activity may interfere with health, 
growth, and reproductive fitness {Geist 1975). Ewes with 
lambs are particularly sensitive to disturbances {Smith 
1954, Jones et al). Recent studies of free-ranging 
ungulates have found that the heart rate of an individual 
is a sensitive indicator of arousal, the first stage of 
an alarm reaction to stress (Ward et al. 1976, MacArthur 
et al. 1979, 1982). These and other investigators have 
demonstrated consistent heart rate responses to disturb
; ng visual or auditory stimuli, often in the absence of 
overt behavioral reactions. MacArthur et al. (1982) 
reported on the heart rate response of an unhunted popu-
1 at ion of mountain sheep ( Ov is canadensis) to aircraft 
and vehicle traffic. No heart rate responses were 
associated with helicopter or fixed-wing aircraft at 
distances exceeding 400 m from sheep. They found that 
direct overflights at 90-250 m by helicopters caused 
sheep to run for 2-15 seconds and elicited a 2-3.5 x 
increase in heart rate. In Alaska, six studies have 
included observations on the response of Da 11 sheep to 
aircraft disturbances {Andersen 1971; Linderman 1972; 
Nichols 1972; Price 1972; Lenarz 1974; Summerfield 1974), 
although only one of these (Lenarz 1974) presented quan
titative data. Helicopters usually evoked a greater 
response from sheep than did fixed-wing aircraft. This 
is possibly because helicopters fly slower and closer to 
the sheep and are generally more noisy (especially ,.rotor 
popping,.) (Andersen 1971; Linderman 1972; Price 1972). 
No studies have been conducted to determine the responses 
of mountain sheep to aircraft flying at different alti
tudes, as have been conducted with caribou and muskoxen. 
The reaction of Dall sheep to low-flying aircraft is 
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highly variable (Linderman 1972; Price 1972), although 
Linderman found that sheep always reacted nervously and 
assumed the alarm posture (Geist 1971b) until the distur
bance had passed. Lenarz (1974) found that "ewes 11 

(including young rams not discernible from females) 
reacted more strongly to helicopters than did rams. 
Andersen (1971) and Price (1972) found that sheep were 
more easily disturbed by aircraft when congregated at 
mineral licks, which are usually located lower on slopes 
away from escape cover. 

The extraction of borrow materials from a possible site 
(area C) on upper Tsusena Creek could affect the distri
bution of the Portage-Tsusena Greek sheep population. 
The distance between the potential borrow site and sea
sonal ranges used by Dall sheep has not been clearly 
defined yet, but sheep may avoid areas immediately adja
cent to the borrow site during construction. Lent and 
Summerfield· (1973) reported that dynamite blasts 5.6 km 
away caused Oall sheep to interrupt their activities 
briefly, but that the intensity of their reactions tended 
to decrease somewhat with subsequent detonations. How
ever, the situation on upper Tsusena Creek may be simi 1 ar 
to that at the Usibelli coal mine near Healy, Alaska, 
where Dall sheep winter range is immediately adjacent to 
the mine. Referring to this situation, Heimer (1980) 
stated: 

"Displacement was probably never a serious 
problem here for two reasons: First, Dall 
sheep are so loyal to their traditional ranges 
that it takes an intense, prolonged disturbance 
to displace them from an area of traditional 
use. Second, the area of actual mining 
activity was on the edge of historic winter 
range. Sheep were absent during the summer 
when the most intense disruptive activity 
occurred. Only occasionally did they use the 
actual area where coal was being mined during 
winter." 

The Watana Hi 11 s Sheep population will be most affected 
by the project due to the location of a major mineral 
1 i ck on Jay Creek. The area used by sheep is a steep 
bluff extending from the creek bottom at 610 m to the rim 
at 747 m. A ridge on the east side of the creek (692 m 
elevation) is also used. Approximately 42% of the lick 
surface area will be inundated each year when the Watana 
impoundment is at its maximum level (668 m). However, 
during the months of maximum lick use (May and June}, the 
reservoir level wilT be approximately 635 m (1 May} and 
638 m (1 June), and thus only about 20% of the 1 i ck wi 11 
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be under water. Most licks are created and/or maintained 
by water act1on along creeks or lakes, and it is unlikely 
that sheep will discontinue use of the lick because of 
partial 1nundation. Any erosion caused by the reservoir 
will as likely enhance the lick as degrade it. In addi
tion, it would be quite feasible to enlarge the lick 
using explosives 1f the loss of part of the mineral area 
had an effect on sheep use of the lick. Of greater con
sequence than the decrease in surface area of the lick is 
the disturbance of sheep using the lick. Frequent visits 
to the lick (mostly with helicopters) by researchers, 
other project personnel, and visitors touring the project 
area has undoubtedly affected the sheep using the lick. 
The lick is far removed from adequate escape habitat, and 
these frequent hel1copter trips into Jay Creek for pur
poses of viewing the lick could result in its abandonment 
if cant i nued. Recreat i ani sts accessing the area by boat 
after the impoundment has filled could have a similar 
effect. 

The consequences to the Watana Hills sheep population if 
the Jay Creek 1 i ck is abandoned for any reason are un
clear. Several other mineral licks have been identified 
within the range of this population, but because sheep 
have a demonstrated high fidelity to specific licks, it 
is uncertain whether these alternative licks would re
place Jay Creek. Many researchers have conducted chemi
cal analyses of mineral lick soils in an attempt to 
explain why sheep visit licks, but the results have been 
conflict1ng or inconclusive. Contaminat1on of samples 
from urine, feces, and/or muddy water have been cited as 
potential sources of error in these analysis. Many 
studies have found that sodium is relatively abundant in 
lick soils and is selectively sought by ungulates (see 
Stockstad et al. 1953 and Tankersley 1981). Plants other 
than halophytic species absorb only a small percentage of 
the sodi urn present in the soi 1, and it is therefore pos
sible that forage species are unable to supply the quan
tity of sodium needed by big game {Stockstad et al. 
1953). Heimer {1973) found that soi 1 samples from high 
use sites within a mineral lick contained large quan
tities of clay minerals called zeolites which contain 
biologically-available cations of sodium, potassium, 
calcium and magnesium. 

-Filling and Operation 

Potential impacts of the Watana development on Oall sheep 
during this period will be similar to those during con
struction (see Section 4.3 (a), (j)), except that the 
borrow areas wi 11 not be in use, the 1 eve 1 of human 
activity in the area will be much lower, and partial 
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inundation of the Jay Creek mineral lick will occur near 
the end of the filling period. Disturbance from aircraft 
is likely to remain as the most serious impact on the 
sheep population,· particularly if frequent helicopter 
trips to view the Jay Creek lick are made. 

( i v) Brown Bear 

- Construction 

The construction of the Watana dam could affect brown 
bears in several ways. The most serious impact will 
probably be direct mortality of bears resulting from 
bear/human conflicts at camps, construction sites, and 
bear concentration areas, and from increased 1 eve 1 s of 
hunting. Movements to and use of seasonally-important 
foraging habitats may also be interrupted by project 
activities, but in the duration of the construction 
period this impact is not likely to affect bear popula
tion size and productivity. 

Brown bears have one of the lowest reproductive rates of 
any land mammal in North America (Bunnel and Tait 1978). 
This, coupled with the low densities of brown bears in 
most parts of their range, makes them vulnerable to sus
tained high levels of mortality (Craighead et al. 1974). 
Typically5 causes of direct bear mortalities during con
struction of projects in their range include killings in 
•defense of life and property•, control kills of nuisance 
animals by appointed agency or project personnel (Cole 
1971), accidental deaths of bears during attempts to 
frighten or trap and transplant animals, and increased 
hunting and poaching pressure resulting from improved 
access and higher numbers of people (Nagy and Russell 
1978, Rogers et al. 1976, JFWAT f·iles). Accidental 
deaths of bears from blasting or destruction of dens also 
occur but are less common (JFWAT files). 

Human activities related to the Trans-Alaska pipeline 
project (TAPS) resulted in a minimum of 11 brown bear and 
30 b 1 ack bear deaths (JFWAT fi 1 es). One of the most 
serious problems encountered during TAPS construction re
resulted from the attraction of bears to areas of human 
activity. Bears quickly discover and utilize improperly 
handled food and garbage at camps, worksites or dumps 
(Barnes and Bray 1967, Craighead and Craighead 1972a, 
Meagher and Phillips 1980). The effects of bears concen
trating at artificial food sources such as dumps are not 
clearly understood, but there is some evidence that 
higher cub mortality from predation by adults, and higher 
disease and parasite loads may result when bears are 
concentrated (Cole 1971). Brown bears from hunted 

E-3-303 



populations such as that in the Susitna basin are less 
likely to be attracted to camps and dumps than are those 
in unhunted populations, but some brown bears can still 
be expected to frequent these areas. 

Human activity in bear habitat poses problems for people 
and thus for bears. Fatal attacks by bears occasionally 
occur when artificial food sources attract habituated 
bears to sites of human activity (Craighead and Craighead 
1972a, Hamer 1974, Herrero 1976). Females with cubs, 
very old bears, and habituated bears pose the most 
serious threats (McArthur 1969). Besides serious maul
; ngs, minor injuries such as bites and scratches fre
quently result from attempts to feed bears (Eager and 
Pelton 1980). Extremely serious bear/human conflicts 
occurred during the TAPS project (JFWAT files). 

There are several specific areas and seasons where human/ 
bear conflicts might occur. Areas where bears congregate 
to feed on salmon in late summer are likely to be attrac
tive to project personnel as fishing sites. Brown bears 
tend to concentrate near the river to feed on vegetation 
during early spring, soon after emerging from dens; thus, 
bear/human encounters near the construction site and bor
row areas may be frequent at that time. The proposed 
camp is likely to be frequented by bears if proper food 
storage and disposal methods are not implemented. Also, 
the camp is located in prime berry habitat used by bears 
in late summer and early fall. The ongoing bear studies 
will provide the information needed to further identify 
such bear concentration areas. 

Several food sources have been identified which appear to 
be seasonally import ant to brown bears in the Susitna 
basin. These include spawning salmon in July and August 
at Prairie Creek, early spring herbaceous growth and 
overwintering berries a long the 1 ower slopes near the 
river bottom, widely-scattered berry patches on the 
benches above the river, and vegetation along tributaries 
such as Deadman Creek. Some bears may avoid areas of 
intensive human activity, thus affecting their movements 
between these widely-scattered food sources. However, 
because brown bears range widely and frequent open habi
tats, it is unlikely that the intensive human activities 
near the damsite and borrow areas, or the presence of a 
cleared impoundment area, would prevent bears from reach
ing food sources outside of the intensively-used con
struction area. 

The greatest impact on food sources during the construct
ion period will occur near the dam site, where facilities 
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and human activities .will be concentrated. The avail
abi 1 ity of early spring foods to brown bears wi 11 be 
reduced both as a result of direct habitat removal near 
the construction sites, and by alterations of bear move
ments along the river. It is thought that the riparian 
areas ·are most i-mportant to bears in early spring, just 
after they emerge from dens. Snowmelt occurs sooner in 
these areas (particularly on south-facing slopes), making 
overwintering berries and green growth available to bears 
when they have low energy reserves. Moose calving is 
also concentrated in riparian areas, and brown bears have 
been shown to be effective predators of both adult and 
young moose (Ballard et al. 1980). 

It is unlikely, however, that the loss of early spring 
feeding areas near the construction site wi 11 affect the 
population size or productivity of brown bears. Brown 
bears eat sparingly for several weeks after emerging from 
dens during a transition stage from hibernation to normal 
activity (Craighead and Mitchell 1982). As food becomes 
increasingly available, the bears 1 food consumption 
increases. Craighead and t~itchell (1982) reported that 
bears in Yellowstone Park during April and May continued 
to utilize body fat stored the previous fall, and that 
weight gains were not noticeable unti 1 late July and 
August. Moreover, females with cubs remain at high ele
vations away from the river and affected areas throughout 
the year (Miller and McAllister 1982). Since lactating 
females, which have higher energy demands than other 
bears, seem to prosper without access to the riparian 
areas, it seems that the loss of riparian areas near the 
dam site during the construction period could be toler
ated by other bears. 

Craighead and Mitchell (1982) also reported that although 
brown bears feeding primarily on green vegetation in 
spring failed to gain weight, those securing high-protein 
food such as carcasses, the young of big game species, or 
garbage maintained or increased their weight. This 
suggests that a decrease in ungulate populations would 
have a much greater affect on bear condition in the 
spring than would a decrease in the availability of green 
vegetation. If project personnel are not allowed to 
hunt, the effects of the project on moose during the 
construction phase are expected to be most 1 y di stri bu
tional (as opposed to changes in population size), and 
few impacts at all on caribou are expected. Thus, it is 
unlikely that noticeable changes in the number of brown 
bears as a result of altered spring food avai 1 abi 1 ity 
will occur during the construction period. 
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Human activity near den sites is another potential impact 
of the project on brown bears. All dens located to date 
have been at higher elevations away from the proposed 
impoundment areas, but several dens have been located in 
the vicinity of the Watana to Denali access road segment. 
Brown bears in the project area do not appear to reuse 
existing dens, and the availability of adequate denning 
areas does not appear to limit the bear population, 
abandonment of dens by bears in winter can result from 
human activity near the den (Craighead and Craighead 
1972b,c; Harding 1976) or from disturbance caused by 
helicopters (Reynolds et al. 1976}. Frozen ground would 
then prevent the bears from digging new dens. 

Bears are reported as one of the more sensitive 1 arge 
mammals to aircraft disturbance (K 1 ei n 1974, McCourt et 
al. 1974). The reactions of bears to aircraft have been 
recorded in several studies (Quimby 1974; Ruttan 1974c; 
Harding 1976}; there is much individual variation in 
their reactions, probably related in part to previous 
experience (Linderman 1974, Pearson 1975, Harding and 
Nagy 1977) . Bears seem to react more strongly to he 1 i
copters than to fixed-wing aircraft {Quimby 1974, Harding 
and Nagy 1977). Low-flying aircraft near feeding sites 
could affect the productivity of brown bears if distur
bance is frequent enough. 

The impacts of the project on brown bears downstream of 
the Watana dam will be limited mostly to aircraft distur
bance and increased hunting. No measurable changes in 
the number of moose or other important prey species are 
expected, although there may be some noticeable shifts in 
the distribution of prey species away from the construc
tion sites. Fish and mammal populations downstream of 
the Devil Canyon site would be affected primarily by 
increased fishing and hunting pressure, and no impact on 
brown bears should result given the current hunting and 
fishing regulations and the low densities of brown bears 
in the area. 

-Filling 

The impacts of the project on brown bears during the 
filling period are expected to be similar to those during 
construction, but should be less severe once construction 
has ended and the intensity of human activity in the 
basin decreases. If portions of the impoundment are 
cleared during this phase, there may be some distribu
tional shifts in the home ranges of both brown bears and 
important prey species, and a few bear mortalities could 
result from bear/human conflicts. Flooding of the reser
voir will displace bears from spring feeding areas, 
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and the expected movements of some individual moose to 
higher elevations will affect prey availability. It is 
unlikely that noticeable effects on the brown bear popu
lation will occur during the filling period as a result 
of these changes in food suppliesr There is some potent
ial for increased cub mortality if adult males are dis
placed to higher elevations where females and cubs occur, 
since cubs are sometimes killed by male bears. Possible 
effects of the reservoir and changes in downstream flow 
will be discussed in the operation section. 

- Operation 

As described above, the most serious impacts to brown 
bears during the construction period will probably relate 
to direct human-caused mortality. Although direct mor
tality, particularly from increased hunting pressure, 
wi 11 sti 11 occur during the operation and maintenance 
period of the project, the effects of habitat loss and 
lower moose numbers will likely have a greater effect on 
brown bears during this period. There is also some 
potential for the impoundment to interfere with bear 
movements in the spring. 

Hunting pressure on brown bears will probably increase in 
the upper Susitna basin because of the improved access 
afforded by the reservoir and access road. Also, many of 
the workers who helped to construct the dam may return to 
the area to hunt. This increased hunting pressure wi 11 
likely result in lower bear densities and a younger age 
structure in the brown bear population (Miller and 
McAllister 1982). 

The impoundment will affect the brown bear population 
primarily through changes in the availability of moose, 
berries and green vegetation (Figure E.3.W24). Although 
the loss of early spring feeding areas near the damsite 
during the construction period is not 1 ike 1 y to measur
ably affect the population, the loss resulting from 
impoundment of the river will probably decrease carrying 
capacity. Brown bears must build up large fat reserves 
during the six-month period that they are out of dens to 
sustain them through the winter and early spring. Over
wintering berries· appear to be a particularly important 
food source for some bears during the spring period. 
Following the 1981 berry crop failure, Miller (pers. 
comm.) reported that two of the four fern ales expected to 
have cubs in 1982 did not, suggesting that the poor 
nutritional condition of females in the fall may have 
caused a lower productivity the following year. Pelton 
(1982) reported for b 1 ack bears that years of poor 
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berry or acorn production can result in delayed first 
estrus, decreased litter sizes, and increased incidence 
of barren females. It thus seems that the permanent loss 
of habitat and early spring foods in the impoundment area 
will cause a decrease in the carrying capacity of the 
upper basin for brown bears. Substantial changes in the 
number of moose available to bears, in combination with 
the loss of berries and other vegetation in the impound
ment zone, would cause an even greater reduction in the 
carrying capacity of the basin. 

The impoundment is not expected to be an obstacle to 
brown bear movements, except possibly during the spring. 
Brown bears usually emerge from dens in Apri 1, and most 
have entered new dens by the end of October. Thus, the 
reservoir will be ice-free during most of the time bears 
are out of their dens. Brown bears commonly swim 1 arge 
distances in the ocean to offshore islands (e.g., Miller 
and Ballard 1981; Roseneau, pers. comm.), and the open 
water in the reservoir should not physically obstruct 
crossings. The ice on the reservoir is expected to begin 
melting in early March, and the reservoir should be ice
free by late May to early June (Bredthauer and Drage 
1982: 5-7). During Apri 1 and May, bears attempting to 
cross the reservoir wi 11 be confronted with ice shelves 
and blocks, wide mudflats, and thin and broken ice condi
tions. There will also be open water conditions near the 
intake structures and downstream of the dam. It is not 
known if one or more of these factors might deter bear 
crossings, but it seems that these spring conditions 
would be more likely to affect movements than would the 
open water later in the summer. 

The primary effect of the project downstream of the dam 
would result from increased hunting pressure. Few 
changes in moose populations or other prey species are 
expected, and important vegetative food sources will 
still be available to bears. Although some decreases in 
spawning salmon may occur, it is not clear if the bear 
population downstream of the dam would be affected by 
this change, since many healthy bear populations occur in 
areas where salmon are not available. 

(v) Black Bears 

- Construction 

The long-term impact of the Watana development on black 
bears wi 11 be much greater than that for brown bears, 
since the impoundment and other project facilities will 
remove a large proportion of acceptable black bear habi
tat in the Watana area. However, habitat loss may not be 
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the most serious impact on black bears during the first 
few years of the construction period, when attraction to 
artificial food sources, disturbance of bears at denning 
and feeding sites, and increased levels of hunting are 
more likely to have serious effects (see. Figure 
E.3.W25). 

Black bears in the vicinity of the proposed Watana im
poundment are restricted to a band of conifer forest ad
jacent to the river. Between Watana Creek and the Tyone 
and Oshetna rivers area, this band of forest becomes 
increasingly constricted. The construction site, borrow 
areas, camp, airport, and other facilities will remove a 
large proportion of the black bear habitat, thus concen
trating the bears into the limited remaining areas. 
Black bears are more likely to frequent the camp and con
struction sites than are brown bears, and this will cause 
problems for both people and bears (see 4.3(a), (iv)). 
Deliberate feeding of bears by project personnel at con
struction sites will intensify the problem. 

Borrow areas 0 and Fare located in the tablelands and 
are used by black bears foraging for berries in late sum
mer (Miller and McAllister 1982). Bears will be affected 
both by the direct removal of this rich food source, and 
by a greater likelihood of contact with humans, which 
could lead to some bear mortalities. The other borrow 
areas are in forested areas used by black bears through
out the year, and the mining of construction materials 
from these sites will cause a reduction in the avail
ability of denning sites and feeding areas. 

Black bears in the Susitna basin typically den at eleva
tions below 3,000 feet, and 9 of the 13 known black bear 
den sites in the Watana impoundment area will eventually 
be flooded. Si nee dens are concentrated near the river 
where human activity will be greatest, there is also the 
potential for disturbance to cause den abandonment, or to 
make some denning areas unacceptable. Many of the dens 
sites were reused by the same or a different bear, which 
may indicate a scarcity of acceptable sites. Human 
activity on the ground and low-flying aircraft· can both 
cause den abandonment. As discussed for brown bear, den 
abandonment in winter when the ground is frozen may 
result in a bear's death. 

Because black bears will be concentrated near the river, 
and may have increased movements while searching for 
food, any increase in hunting pressure during the con
struction period could have a substantial affect on the 
population. If black bears do increase their movements 
away from forested areas, as they do during berry crop 
failures (Miller and McAlister 1982), there is also a 
potential for increased mortality due to encounters with 
brown bears. 
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-Filling and Operation 

Black bears would be impacted in several ways during the 
clearing of the impoundment area and initial filling 
period. The loss of feeding areas, disturbance at den 
sites, and increased contacts with people will all result 
in severe habitat degredation within and adjacent to the 
impoundment area. Bears occurring in the impoundment 
area will likely increase their movements away from the 
river, thus increasing contacts with brown bears and. 
hunters. There is little likelihood of bears being 
drowned while in their dens during reservoir filling, 
since winter flows into the reservoir will be very low, 
and most of this flow will be released downstream. 

After filling, it is unlikely that a viable resident 
black bear population will exist along much of the im
poundment area. There should be adequate habitat to sup
port resident populations to the east of the impoundment 
(near the Tyone River confluence) and also along the 
western end of the impoundment near and west of the Fog 
Lakes and Watana Creek. Transient bears between these 
areas are likely to use the other areas adjacent to the 
i mpoundrnent, and a few bears may reside there year-round. 
However, the 1 ack of denni ng areas and adequate forest 
stands near the remaining food supplies will severely 
limit the resident population. These bears will also be 
quite susceptible to hunting along the reservoir margin. 
Other long-term impacts are likely to be similar to those 
for brown bears (see 4.3(a), (iv)). Black bears, like 
brown bears, are able to swim 1 ong distances, and the 
open water in the impoundment should not be an absolute 
barrier to their movements. Some effects on bear move
ments, however, can be expected. 

Downstream effects of the Watana deve 1 opment on b 1 ack 
bears are 1 ikely to be much less severe. Impacts on sal- · 
man spawning areas, aircraft disturbance, and increased 
hunting will probably have the greatest effect on the 
population. The expected successional changes in vegeta
tion are not likely to have a noticeable affect on the 
population, nor will any open water areas during winter 
since bears will be in dens at that time. The importance 
of salmon to downstream bears is unknown, but several 
bears from the upper basin moved downstream to feed on 
salmon during a berry crop failure, and bears are com
monly seen along spawning sloughs in late summer. Twenty 
percent of the salmon radio-tagged during studies down
stream were eaten by bears (Miller, pers. comm.). How
ever, bear scats found along salmon streams are comprised 
mostly of berries, and thus the importance of salmon to 
these bears in uncertain. Bear studies downstream of 
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(vi) 

Devil Canyon will be intensified in 1983, and thus the 
food habits of downstream bears will be better defined at 
that time. 

Wolf 

Wolves may be affected by construction and operation of the 
W at ana deve 1 opment by some 1 oss of den and rendezvous 
sites, by disturbance, by increased hunting (see Section 
4.3(c)), and indirectly, by loss of food sources. 

No known dens or rendezvous sites will be flooded or des
troyed by the present construction zone plans. Some den 
and rendezvous sites that have not been located may be des
troyed, but because potential sites are relatively abundant 
in the Susitna basin (Ballard et al. 1982c), this would not 
have a serious effect on wolf populations. 

Under most circumstances, wolves readily habituate to man
made disturbance (e.g. Van Ballenberghe et al. 1975, Milke 
1977). The major exceptions to this are disturbance at den 
sites in spring. During Susitna baseline studies, human 
disturbance at three den sites caused early abandonment of 
all three, the adults moving the pups to new locations. In 
these cases, the pups were probably a.month old and no pup 
mortality was noted. Ballard et al. (1982c) speculated 
that younger pups might be more likely to die if moved from 
the whelping den prematurely. Abandonment of dens after 
disturbance has also been noted in other areas of Alaska 
and in Canada (Carbyn 1974, Chapman 1977). 

A serious impact of increased interactions between humans 
and canids (wolves and foxes) is the threat of exposure to 
rabies. That wolves (and bears and foxes) do habituate to 
the presence of humans was demonstrated by problems encoun
tered during the construction of the Trans-Alaska Pipeline 
(Milke 1977). Wolves were fed deliberately and were 
allowed to scavenge on unburned garbage at construction 
sites and camps. As a result, many animals became severe 
nuisances and were killed. In addition, instances of 
workers being bitten and requiring hospitalization and 
occasionally rabies vaccine occurred. 

Loss of food sources through development impacts on prey 
species is another possible impact of the Watana develop
ment on wolves. Wolves in the upper Susitna basin prey 
primarily on moose and to a lesser extent on caribou. 
Caribou population levels are not likely to be seriously 
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affected by the Watana development, but moose populations 
wi 11 probably be reduced. The extent to which this reduc
tion actually affects wolves depends on the extent to which 
wolf populations are presently limited by food availability 
or by hunting, tripping, and poaching. 

Van Ballenberghe et al. (1975) reviewed the available lit
erature on factors controlling wolf populations. They 
believed that whlle social factors such as territoriality 
and stress were the ultimate factors controlling population 
levels, an abundant food source lowered the threshold for 
action of social factors. They suggest that food is the 
main factor permitting the development of dense wolf popu
lations (Figure E.3.W26). 

There are no data to indicate wolf population trends in 
relation to population trends of moose and caribou in the 
Susitna basin. However, the consistently high harvest on 
wolves through the 1970's (Section 4.2 (a), (iv)) suggests 
that the low caribou population and declining moose popu
lation in the early 1970's (Section 4.2(a), (i and ii)) did 
not cause a substantial reduction in wolf numbers. 

It is more likely that wolf population levels are con
trolled by exploitation rates. Close to half the upper 
basin wolf population is removed each year by hunting 
(Section 4.2(a), (vi)). In the likely event that this 
situation continues, the red~ction in the moose population, 
as a result of the project, should hve a lesser effect on 
the wolf population than will the harvest levels. 

(vii) Wolverine 

The Susitna Hyrlroelectric Project wi 11 have both positive 
and negative effects on the wolverine population in the 
upper basin. Wolverines wi 11 be most affected by changes 
in winter food availability, and by higher trapping mortal
ity due to improved access and a 1 arger human popu 1 at ion in 
the area. Other factors such as a localized avoidance of 
camps and roads, disturbance from aircraft and construction 
activities, and habitat loss due to the impoundments and 
other project facilities are not likely to greatly affect 
the number or productivity of wolverines in the Susitna 
basin. Loss of den sites is not likely to be a problem 
since wolverines den in a variety of habitats, generally on 
the surface of the ground under snow. Downstream of Devi 1 
Canyon, wolverines are likely to be measurably affected 
only by any increase in trapping pressure resulting from 
the project. Each of these factors wi 11 be discussed in 
greater detail in the following sections. 
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The area in northwestern Montana studied by Hornocker and 
Hash (1981) contained a large reservoir 48 km long and up 
to 6.5 km wide, and thus some data is avai 1 able on wolve
rine movements and ranges in relation to a large impound .. 
ment. They reported that 11 the size and shape of ranges 
were not affected by rivers, reservoirs, highways or major 
mountain ranges. 11 Magoun (1982) stated that although topo
graphic features were not physical barriers to wolverine 
movements, they did appear to influence the shape of home 
ranges to some extent. Rivers, ridges, drainage divides, 
and well-defined breaks in habitat types often coincided 
with home range boundaries in her study area. Male home 
ranges appeared to be less affected by topographical fea
tures than did female ranges. Some home range boundaries 
in the upper Susitna basin coincide with topographical 
features (see Figure E.3.W15), but no clear relationship 
between the major features and most home range boundaries 
is evident. It is possible that the Watana impoundment 
might serve to separate home ranges once it is in opera
tion. 

Based on the estimate of about one wolverine per 163 km2 
derived in Section 4.2(a), (vii), the direct loss of over 
206 km2 due to the impoundments, access roads, camps, and 
other project features would potentially affect only two 
wolverines. However, the affected areas are of increased 
importance to many wolverines in the upper basin because 
winter food supplies are usually greater at the lower ele
vations most affected by the project facilities. Changes 
in the availability of winter food may affect wolverine 
movements, densites, and productivity, and therefore it is 
important to consider these changes in some detail. 

In the area downstream of the Watana dam, changes in the 
availability of winter prey are not expected to be great 
enough to appreciably affect the wolverines in that area. 
The Devil Canyon impoundment is contained within a steep 
canyon supporting relatively low densities of ungulates and 
small mammals, and the access road wi 11 pass mostly through 
tundra habitats. Only a small proportion of the forested 
habitats will be removed by the project; small mammal and 
grouse populations should not be greatly reduced. Also, 
the cleared transmission corridors will enhance moose and 
small mammal populations, therefore, compensating somewhat 
for losses caused by the Devi 1 Canyon impoundment. Few 
caribou use this area, and any mortality of moose or cari
bou resulting from hazards such as ice or open water areas, 
or from increased predation by wolves and bears, would 
likely benefit the wolverines in that area. 
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The Watana impoundment· wi 11 have a much greater affect on 
winter food availability. Because a relatively high pro
portion of the forested area will be inundated, there will 
be a substantial decrease in the availability of small mam
mals and grouse used by a few wolverines during winter. 
The size of the moose population in the vicinity of the 
Watana impoundmentwill decrease during the license period, 
but there may be an increase in the number of ungulate car
casses available to wolverine. Some mortality of both 
moose and caribou is expected from floating debris, thin 
ice conditions, and 1 arge mud flats in the drawdown zone, 
and predation by wolves and brown bears may increase along 
the shores of the impoundment. Higher winter mortality of 
moose near the impoundment is also expected during winters 
of moderate to deep snow. It is not clear if the more 
rapid turnover of the moose population in the upper basin 
will offset the lower density of moose and small mammals, 
The effects of improved access from the roads and impound
ment on wolverine, including increased trapping mortality 
and human presence, isdiscussed in Section 4.3(cL (vii). 

{viii} Belukha Whale 

The majority of the Cook Inlet population of belukha whales 
appears to concentrate near the mouth of the Susitna River 
during the calving period. Studies were undertaken in 1982 
to address the concerns that project-related changes in 
water temperatures or anadramous fish runs at this critical 
period might interfere with calving success. For example, 
Seargent (1973) attributed the elimination of calving by 
belukhas in the St. Lawrence River to hydroelectric 
development on the Manicougan and Outardes Rivers, and sub
sequent alterations in water tempertures. 

The Susitna project will have no measurable effect on the 
belukha whale population. Post-project water temperatures, 
salinities, and fish abundance will not be much different 
than pre-project conditions during the months that belukhas 
concentrate at the river mouth. No changes at all in 
anadramous fish runs during 1"1ay and June are expected (see 
Section 2), and it is doubtful that fish from the Susitna 
River comprise more than a small percentage of the whales• 
diet when they are away from the river • s mouth at other 
times of the year. 

A1though water temperatures released from the dams will be 
0-4°C warmer than natural tempertures, the dilution effect 
of other rivers and temperature exchange of the river with 
the air and ground wi 11 result in no post-project differ
ence in water temperatures at the mouth of the river 
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during May and June. Only 7,650 cfs of the 55,930 cfs 
post- project inflow into Cook In 1 et in May wi 11 be from 
the Susitna River (both dams operating). In June, only 
8,150 of 105,702 cfs will be contributed by the Susitna. 
Thus, the d i 1 uti on factor of other water sources, and 151 
mi 1 es of temperature exchange with the environment, wi 11 
result in simi 1 ar pre- and post-project water temperatures 
at the mouth of the river during calving. 

Beaver 

The beaver population along the Susitna River is likely to 
increase during the license period as a result of the 
Watana development. Beneficial effects will occur mostly 
downstream of the dam as a result of regu 1 a ted flows. 
During the construction period, however, beavers occurring 
within the borrow areas and along the access road could be 
adversely affected. 

- Construction 

Beavers occurring in the vicinity of the construction 
site, borrow areas, camp, and other project facilities 

·will be impacted through a loss of habitat, altered water 
levels along creeks, and from trapping by project person
nel. Reservoir clearing activities would have immediate 
negative effects on beaver occurring within the proposed 
impoundment (e.g., Wooley 1974). However, Gipson et al. 
( 1982) reported that no active beaver 1 odges were found 
along the river within the impoundment zone or on the 
1 ower reaches of feeder streams. In contrast, borrow 
sites for the dam and access road will remove habitat for 
approximately 50 beavers. This includes about forty of 
the 65 beaver occurring along Deadman Creek in the lower 
reach designated as road materia 1 sites, and about 10 
beaver in Borrow Area C on upper Tsusena Creek. No 
active beaver colonies were found in the other Watana 
borrow sites during an 11 October 1982 aeri a 1 cache 
survey. The alignment of roads to these borrow areas has 
not yet been designated, and therefore the number of 
beaver affected by the borrow site activities is still 
unknown. 

-Filling and Operation 

The impoundment area current 1 y supports few beavers, and 
therefore the flooding of this area wi 11 not have any 
substantial effect on this furbearer species. The reser
voir will be of little value to beavers after filling 
because of the annual drawdown. A few beavers, however, 
may persist in using the reservoir area. Each year for 
the past 12 years, beavers have attempted to build lodges 
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and food caches on Williston Lake in British Columbia, 
which has an annual drawdown of about 17 m (R. Bonar, 
pers. comm.). One innovative colony there has built its 
lodge on a raft of floating logs, which moves up and down 
with the water level, whereas another colony has a series 
of burrows extending down to the minimum drawdown level. 

During filling, the river is to be passed directly 
through the dam during the winter months, and thus the 
only effect of the dam on downstream flows wi 11 be during 
summer. During the operation phase, downstream flows 
will be higher than present in the winter, but lower in 
summer. 

Few beavers current 1 y occur in the river reach between 
Watana and Devi 1 Canyon, and the estimated 70 beaver be
tween Devil Canyon and Talke'etna were found mostly in 
side channels, sloughs, and clearwater areas (Section 
4.2(b), (i)). Although swift currents in the main chan
nel probably contribute to these low densities, the 
greatly-fluctuating water levels, ice scouring events, 
and low abundance of early successional vegetation are 
p~obably the major limiting factors (Figure E.3.W27). 
Another limiting factor is the depth of water beneath the 
ice in winter. Beavers require at 1 east 1 m of open 
water under the ice for access to food caches and 1 odge 
entrances (Scott 1940, Hakala 1952). Since winter water 
depths are now much 1 ess than those in summer, the winter 
flows determine which areas are suitable for year-round 
occupation by beaver. 

Any site currently occupied by beaver should sti 11 be 
available post-project, since winter flows will be higher 
than at present. In addition, many areas now subject to 
freeze-out will also be available for colonization by 
beaver. The increased availability of early-successional 
vegetation, reduced ice-scouring, lack of an ice cover in 
the Watana - Oevi 1 Canyon reach, more stab 1 e year-round 
flows, and lack of floods which destroy food caches and 
other beaver structures, will all result in improved 
downstream habitat for beaver. Beaver habitat south of 
Talkeetna may also be enhanced as a result of the in
creased occurrance of favored food plants, but the more 
unstable water levels resulting from increased contribu
t1ons from other rivers and tributaries will dampen this 
effect. A p 1 an ned flow increase in 1 ate summer for 
fisheries mitigation purposes will likely have little 
impact upon beaver, as the flow wi 11 have returned to a 
~tabilized level before lodge preparations and food cache 
construction have begun in earnest for the winter. 
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If construction camp personnel and their families are 
allowed to trap in the area, beaver populations will be 
affected both along the Susitna River itself and in the 
1 akes and creeks on either side of the river. It is not 
known at present how many beaver occupy these habitats, 
nor how strong trapping pressure would be, given the 
current depressed price for beaver pelts. 

Muskrat 

Muskrats will be affected primarily as a result of improved 
access for trappers. Some habitat loss within the borrow 
areas and impoundment zone will also occur; however, musk
rats may benefit from additional beaver ponds downstream of 
the project (Section 3.3(a), (ix)). With the exception of 
trapping mortality, the net impact on the muskrat popu-
1 at ion should be minor. 

Of the 103 lakes surveyed for muskrat sign in spring 1980, 
29 occurred within the borrow areas or impoundment zone of 
the Watana project (Table E.3.W73); only 10 of these lakes 
had muskrat pushups. A total of 29 pushups were observed 
on these lakes, but the number of muskrats this represents 
is unknown. Pushups are temporary structures, and one 
muskrat can create many of these during a winter. A likely 
estimate of the number of muskrat to be lost as a result of 
this habitat loss is 10 to 20 animals. Improved downstream 
habitat will probably compensate for this loss. 

Muskrats are extremely susceptible to water level fluctua
tions (Bellrose and Brown 1941), and usually find braided 
rivers poor habitat due to lack of forage and burrow sites 
(Brooks and Dodge 1981). As such, there is little poten
tial muskrat habitat in the active flood plain downstream 
of the Watana damsite. Many muskrat probably occupy beaver 
colony sites (Curatolo et al. 1981) along the Susitna River 
which are outside of the active floodplain. Below Montana · 
Creek good muskrat habitat occurs in old channels now func
tioning as cl e·arwater seeps which wi 11 not be affected by 
the project (Bredthauer and Drage 1982). 

If construction camp personnel and their families are 
allowed to trap in the area, muskrat populations throughout 
the lakes lying on either side of the Susitna River could 
be highly affected. Gipson et al. (1982) found muskrat 
sign in these lakes and noted their vulnerability to trap
ping. 

(xi} Mink and Otter 

- Upstream Effects 

Because mink and otter are moderately abundant in the 
Upper Susitna Basin and are probably dependent on aquatic 
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and semi-aquatic habitats along the Susitna River and its 
tributaries, construction and operation of the Watana dam 
may have substantial impacts on these species. The most 
important effects include loss of habitat, reduction of 
food supplies, increased disturbance, and barriers to 
movement. 

Clearing and flooding of the impoundment will eliminate a 
substantial proportion of good quality otter and mink 
habitat. High quality habitats for these semi-aquatic 
furbearers is generally characterized by moderate to slow 
flowing streams and rivers with well wooded banks. Ponds· 
with abundant food, deep and stable water conditions, and 
an irregular shoreline also appear to be good habitats 
(Hodgdon and Hunt 1953; Knudsen 1962; Barber et al. 
1975). Because the impoundment will result in a large 
drawdown zone, it is unlikely that the reservoir will be 
heavily-utilized by mink or otter. Small ·declines in 
water levels (e.g. less than 1 m) may acutally benefit 
mink during the winter by creating air spaces under the 
ice that would allow them to hunt more easily (Errington 
1943; Harbo 1958). However, the 1 arge drawdown area of 
the Watana dam would probably be detrimental to otter and 
mink; it would isolate their bank dens from the reservoir 
during the winter and would probably reduce prey 
a v a i 1 ab i 1 it y. 

The extent to which otter and mink habit at wi 11 be re
duced and the effects on 1 oca 1 populations are dHfi cult 
to assess. The impoundment will flood approximately 65 m 
of the mainstream Susitna River. In addition, portions 
of a number of tributaries will be inundated by the im
poundment; these include Deadman Creek (3.7 stream km 
wi 11 be inundated at maximum fi 11), Kosi na Creek (6 .4 
km), Jay Creek (5 km), Goose Creek (2.4 km), and the 
Oshetna River {3.2 km). Most of Tsusena Creek will be 
disturbed by gravel removal. It is not known what these 
losses represent in terms of a proportionate reduction of 
available mink and otter habitat. However, because 
almost all otter and mink tracks were observed along the 
Susitna River (Table Furbearer-1), inundation will likely 
reduce the amount of good habitat substantially. 

Clearing and flooding of the impoundment area will reduce 
prey availability for otter and mink. Clearing of forest 
cover would reduce the availability of sume prey of mink 
such as small mammals and waterfowl. Effects of erosion 
and consequent siltation, as well as effects of dust that 
are associated with clearing may also reduce the avail
ability of fish and crustaceans. Flooding of the reser
voir will probably result in further reductions in prey 
availability; crustacean distributions and productivity 
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will probably be altered by the drawdown zone, and the 
species composition, abundance, and distribution of fish 
will change. In addition, because the reservoir will 
greatly expand the amount of aquatic habitat, fish will 
be 1ess concentrated than they are at present and more 
difficult for otters and mink to capture. The net result 
of these changes, in addition to the change of shoreline 
habitats, wi 11 be an avoidance of reservoirs by mink and 
otter. The effects on productivity associated with these 
dietary changes are unknown. 

Clearing of the reservoir site and construction act i v
ities, particularly in close proximity to streams and 
rivers, may disturb mink and otter and may result in in
terference with daily activities or, in extreme cases, an 
avoidance of the area. Densities of the European otter 
(Lutra lutra}, a species closely related to river otter, 
along the River Terre in England appear to be inversely 
re 1 ated to the amount of human disturbance (recreation a 1 
fisherman) and the amount of c 1 ear i ng of wood 1 and cover 
along the river banks (MacDonald et al. 1978). Because 
recreational use of the upper reaches of streams a1ong 
the north side of the impoundment will probably increase 
during construction and operation, and because the upper 
reaches of these streams may represent a moderate propor
tion of the remaining higher quality habitat for semi
aquatic furbearers, disturbance effects on mink and otter 
could be important. 

Because mink and otter are well-adapted to aquati£ habi
tats, the water body of the impoundment wi 11 not repre
sent a serious barrier to movements of these species. 
However, access to the impoundment water body may be in
hibited by the expansive drawdown zone; the large separa
tion between the water body and the onshore vegetation 
and dens may prevent animals from crossing the 
impoundment area. 

- Downstream Effects 

Alteration of the river hydro 1 ogy and vegetation communi
ties as a result of the Watana dam have already been dis
cussed (Section 3.3(a)). The effects of these altera
tions on mink and otter are difficult to assess. Reduced 
water flows in summer may initially strand dens of both 
species well above the water line, may reduce muskrat 
populations (an important prey species of mink), and may 
decrease the availability of certain fish species 
(Section 2.3(a)) and crustaceans (important prey species 
of mink and otter). Mink may be better able to withstand 
the effect of reduced water flows because of their 
ability to hunt in terrestrial habitats (Marshall 1936; 
Harbo 1958). 
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The area of permanent 1 y open water downstream of the 
Watana dam may benefit small numbers of mink and otter. 
Both of these furbearers common 1 y concentrate in open 
water stretches of rivers and streams in winter (Barber 
et al. 1975). 

(xi i) Red Fox and Coyote 

Coyotes occur in the Watana development area but they are 
so uncommon that development activities are unlikely to 
have a quantifiable effect on them. 

Coyotes do not appear to avoid areas of human activity; 
however, no studies have specifically evaluated the effects 
of human disturbance on this species. Ferris et al. (1978) 
demonstrated a significant preference of coyotes (based on 
winter track count surveys) for an area within 200 m of a 
section of an interstate highway in Maine relative to an 
area 200-400 m from the highway. Track surveys also indi
cated that coyotes occasionally used the right-of-way as a 
hunting or travel route. Penner (1976) similarly concluded 
that coyotes preferred large cleared areas and avoided un
disturbed habitats within an oil sands development area in 
northwestern Alberta. 

The major impacts on red foxes would probably result from 
trapping by construction workers and killing of nuisance 
animials at camps and construction sites. Habitat loss 
from flooding of the impoundment would not have a great 
impact on foxes since most individuals apparently utilize 
areas above the high water li~e of the impoundment (666 m 
elevation) and areas to the east of the impoundment on the 
Lake Louise flats. Fox dens typically occur at elevations 
of 1000 m to 1200 m and no foxes or fox sign were found 
along the Susitna River or the lower reaches of its tribu
taries in late winter or spring during baseline studies 
(Gipson et al. 1982). Foxes did occur along the Susitna at 
other seasons. Presumably, an abundance of prey would be 
available for foxes during summer and fall and loss of hab
itat along the river would probably have negligible or 
minor effects. 

Red fox similarly do not appear to avoid areas of frequent 
human activity. Observations of red fox and the location 
of den sites in relation to the main road in Denali Nation
al Park, showed that red foxes did not avoid areas of fre
quent human use and that in some cases would habituate to 
human disturbances (Tracy 1977). Red foxes in Gatineau 
Park, Quebec, appeared to commonly use areas in the imme
diate vicinity of human disturbance and showed little 
avoidance of areas frequented by snowmobilers (Neumann and 
l\1erri am 1972). 
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Foxes away from den sites habituate to human activity so 
readily that they can become a nuisance at construction and 
camp sites if they are fed or all owed to feed on garbage 
(Milke 1977). The presence of scavenging foxes frequently 
leads to workers being bitten and occasionally needing 
hospitalization for rabies vaccine (Milke 1977). It also 
often leads to the destruction of the foxes. 

Although the fox population in the Susitna Basin is small 
(Section 4.2(b), (vi), it is apparently a source of juve
niles which disperse to adjacent areas (Gipson et al. 
1982). An increase take of foxes from currently low levels 
is expected because of improved access and residency of 
construction personnel and may eliminate this source of 
dispersing individuals. 

(xiii) Other Furbearers 

This group includes species that occur primarily in for
ested habitats--marten, lynx, short-tailed weasel and least 
weasel. Impacts on marten are discussed in greatest 
detail. As mentioned previously (4.2(b), (v)) marten have 
historically been and continue to be economically the most 
important fur bearer in the vicinity of the impoundment 
zones. Lynx are very uncorrnnon in the upper Susitna basin. 
Weasels are probably quite common, but there is little 
specific information on their abundance and distribution in 
the basin. 

A 11 of these species wi 11 suffer primarily as a resu1 t of 
the loss of forested habitats to the impoundment (see 
Figure 3.E.3.W28), borrow sites and other project facil
ities. Gipson et al. (1982) have estimated the number of 
marten in the winter population directly impacted by loss 
of habitat in the Watana and Devil Canyon developments 
through a mode 1 based on the fa 11 owing data and assump
tions: 

- Adult male marten home ranges are mutually exclusive and 
adjoin one another so that all marten habitat in the 
impounded area is inhabited (trapping likely affects this 
assumption). 

- Marten habitat is ·defined as forest, and marten are 
restricted to this habitat type. 

-A 1:1 sex ratio exists in all age classes of the popu-
1 at ion. 

- 65% of the population are juveniles (less than 1 year 
old) (Archibald pers. comm.), and juveniles appear in the 
harvest in proportion to their number in the population. 
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-The mean home range size of male marten is 682 ha (Gipson 
et al. 1982). 

This model gives an estimated density for all age/sex 
groups of 0.847 marten per km2. Using a figure of 11,798 
ha of forest habitat lost to impoundment areas, borrow 
areas construction site and camps for Watana development, 
100 marten (3.4%) would be eliminated from an estimated 
popoulation in the basin of 2,940. 

Gipson (pers. comm.) attempted an independent population 
estimate in July 1982 near Watana Creek using a mark-
recapture technique. An 11 km trapline with trap spacing 
of 0.4 km on either side of Watana Creek captured no marten 
in 252 trap nights (the minimum expected catch based on 
densities of 0.008 marten per ha was 10). This result sug
gests that fewer marten than calculated above may actually 
exist in the impoundment areas, and that fewer marten would 
be affected. 

There are obvious difficulties with the model used for the 
estimate of 100 marten eliminated. Perhaps the most seri
ous is that marten densities and home ranges vary between 
different forest types, being most common in dense, mature 
coniferous forest (deVos 1952, Douglas et al. 1976, Koiler 
and Hornocker 1977). The estimate for prime forest habitat 
only (eliminating woodland and open forest types) is 26 
marten eliminated from a population of 347 (7.5%). The 
estimate of 100 marten lost is probably high. 

Clearing of small areas of forest at construction sites and 
borrow areas and the associated human disturbances may 
effect marten home range size and distribution. However, 
these types of changes wi 11 be most extension in areas 
affected by the access route and transmission line and are 
discussed in Section 4.3(c) and (d). 

Lynx are uncommon in the Susitna basin, probably because 
their major prey, snowshoe hares, have been historically 
uncommon. Lynx wi 11 probably not be directly affected by 
habitat loss, and revegetation of disturbed areas improve 
habitat for snowshoe hare in the basin. Major effects on 
the few lynx occurring in the project area are therefore 
not expected. 

Numbers of short-tailed and least weasels may be reduced 
through habitat loss. Reductions are unlikely to be seri
ous within the basin and regional effects would be minor. 

Construction activities and human distrubance could result 
in avoidance of the construction zone by furbearers. No 
information is available for lynx and weasels. Evidence 
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exists that marten are tolerant of moderate levels of dis
turbance in areas adjacent to logging operations (Clark and 
Cambell 1977, Soutiere 1978, Steventon and Major 1982). 

(xiv) Raptors and Raven 

The construction and operation of the Watana Dam wi 11 
affect raptors through a number of mechanisms (Table 
E.3.W74), the most important of which are habitat loss and 
disturbance. Habitat 1 ass inc 1 udes the flooding of suit
able nesting cliffs, removal of trees used for nesting and 
perching, and a loss of hunting areas. Many of the tree 
and c 1 iff nests within the impoundment area may be aban
do~ed during the construction phase as a result of distur
bance, and several nest sites immediately adjacent to the 

i' access road or borrow areas may also be abandoned. 
: 

-

-

-

.... 
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- Habitat Loss 

About 38% of the known raptor and raven cliff-rresting 
locations and at least 40% of the known raptor tree
nesting locations in the general vicinity of the proposed 
project wi 11 be lost as a result of the Watana project 
(Table E.3.W75 and E.3.W76). The raptor species affected 
include golden eagles, bald eagles, gyrfalcons, goshawks, 
and ravens. 

At least 6 (38%) of the 16 total known golden eagle nest
ing locations in the general vcinity of the project area 
will be directly lost to construction and filling of the 
Watana Reservoir. Five of those 6 nesting locations will 
be inundated, whereas one my be lost during material 
excavation operations at Borrow Site E {Figure E.3.W29, 
Tables E.3.W75 and E.3.W76). 

Cliff-nesting habitat for golden eagles will become 
severely limited upstream of the Watana Dam site once the 
impoundment is full (Table E.3.W77). Loss of cliffs up
stream of the Watana Dam site may increase the importance 
of cliffs farther downstream in Devil Canyon, along Fog 
Creek, Tsusena Creek and others draining into the Devil 
Canyon impoundment zone. However, many of the cliff 
areas in Devil Canyon appear to be exposed to higher 
levels of moisture, and some sections may lack suitable 
ledges on which golden eagles would construct nests. 

Golden eagles often have several alternative nesting 
locations, some perhaps 8 km apart (see Roseneau et al. 
1981); however, losses of 38% of the well-established 
golden eagle nesting locations along the· upper Susitna 
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River, concommittant losses of most of the other poten
tial nesting cliffs upstream of the Watana Dam site, and 
a suspected scarcity of alternate nesting locations 
throughout much of the remainder of the upper basin sug
gest that the upper Susitna River basin population of 
golden eagles will be reduced by 3-5 pairs as a result of 
the construction and filling of the Watana Reservoir 
(Roseneau, pers. comm.). 

As many as 4 (50%) of the eight total known bald eagle 
nesting locations in the general vicinity of the project 
area will be directly lost to clearing and filling of the 
reservoir (see Figure E.3.W29, Tables E.3.vl75 and 
E.3.W76). Three of these locations are

1
tree-nests and 

one is the sole cliff-nesting location known to be 
used by bald eagles in the Susitna River drainage. Fur
thermore, almost all white spruce and balsam poplar trees 
of a size suitable to bald eagles that occur in the 
general vicinity of Watana are located within the 
impoundment area on tributary deltas and islands. Con
struction and filling of Watana will likely limit bald 
eagles to one or two available nesting locations upstream 
of the impoundment, and one or two potential locations 
along the Lower Oshetna River. This may increase the 
importance of other potential nesting habitat downstream 
of the Watana Dam site, including balsam poplar stands 
along Portage Creek and white spruce and balsam poplar 
near Stephan Lake and along Prairie Creek. In any event, 
it appears unlikely that habitat loss as a result of 
construction and filling of the Watana Reservoir will 
have more than a local effect on the Susitna River bald 
eagle population, the majority of which inhabits the area 
downstream of Indian River (see Section 4.2(c), (i)). 
[lsald eagle cliff- nesting locations are relatively 
rare throughout Alaska north of the Alaska Peninsula -
for instance, in the entire Tanana River drainage where 
over 40 nesting locations are known (Roseneau et al. 
1981), only one nesting location is on a cliff (D.G. 
Roseneau, pers. comm.)] 

No known gyrfalcon nesting locations will be directly 
lost as a result of the Watana project. However, gyrfal
cons often use nests constructed by other cliff-nesting 
species, including ravens and golden eagles (e.g., Cade 
1960, White and Cade 1971, Roseneau 1972), and some of 
the golden eagle and raven nesting locations lost as a 
result of inundation or gravel mining may represent past 
or future locations used by gyrfalcons. In southcentral 
Alaska and the Alaska Range, where nesting densities are 
low (Roseneau 1972, Roseneau et al. 1981, Bente 1981), 
use of other species' nests by gyrf a 1 cons is less 
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is 1 ess preva 1 ent than in more northern and western 
regions of the state where the majority of the Alaska 
gyrfalcon population breeds and winters (see Roseneau et 
al. 1981). It is therefore unlikely that habitat loss as 
a result of construction and filling of the Watana Reser
voir will have more than minimal" effect on the upper 
Susitna River gyrfalcon population. 

One (33%} of three known goshawk nesting locations in the 
general vicinity of the Watana project will be directly 
lost to clearing and filling of the Watana Reservoir 
(Figure E.3.W29, Tables E.3.W75 and W.J.W76). The nest 
location that will be lost is the only one discovered, to 
date, upstream of the Watana Dam site, beyond which 
potential nesting habitat becomes very scarce (D.G. 
Roseneau, pers. obs.). 

As many as 10 (48%) of 21 previously used raven nesting 
locations in the general vicinity of the Watana project 
will be 1 ost as a result of construction and fi 11 i ng of 
the Watana Reservoir (Figure E.3.W29, Tables E.3.W75 and 
E.3.W76). All will be lost by inundation, and one addi
tional nest may be inundated at times of maximum flood 
stage (see Figure E.3.W29) or be so close to maximum 
Dperating water level as to be unuseable. 

Although a considerable number of raven nesting locations 
and cliff habitat will be lost as a result of Watana 
Reservoir filling (Table E.3.W77), the consequences of 
this loss to ravens will be minor in comparison to those 
for other cliff-nesting species (particularly golden 
eagles). Ravens commonly nest in a wide variety of 
situations in Alaska, including man-made structures (see 
Roseneau et al. 1981). Tree-nesting is common,· and 
ravens consistently nest on small cliffs that are unsuit
able for raptors (Roseneau pers. comm.). Construction 
and filling of Watana without development of Devil Canyon 
is more likely to result in increased use of cliffs along 
Devi 1 Canyon and trees downstream of the Watana Dam site 
a 1 ong the river and tributaries, than reduce the upper 
Susitna River basin raven population. 

In addition to loss of nesting habitat, it is anticipated 
that some loss of perching and hunting habitat for rap
tors will also occur as a result of construction and 
filling of the Watana Reservoir. Perching habitat will 
primarily be lost as a result of inundation of cliffs 
(see Table E.3.W77), and the clearing of trees prior to 
reservoir inundation. Loss of hunting habitat is more 
difficult to determine. No data was collected in the 
Upper Susi tna River Basin to determine rapt or hunting 
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ranges and foraging areas; however, the general degree of 
impact for at least three species may be inferred from 
other information . 

. Golden Eagles 

Golden eagles are opportunistic hunters. When avail
able, mammals are an important component of their diet 
(up to 70-98% by weight), but birds and carrion can 
also be important (cf. Brown and Amadon 1968) . 

. In Alaska, there are few reports of prey items found at 
nests. Common items found in nests have included 
ground squirrels, marmots, snowshoe hares, ptarmigan, 
ducks and other waterfowl. Occasionally both arctic 
and red foxes are taken; one pair on the Seward Pen
; nsul a took as many as 5-6 red foxes during the summer, 
and the fledgling from that nest attacked a red fox --
1-2 wk after it had left the nest (Roseneau and 
Springer~ unpubl,. data). Pairs nesting along sea 
coasts also take a variety of seabirds (both alive and 
as carrion). 

Carrion, often in the form of large game animals, is 
particularly important during the early spring and the 
fall. Carrion also appears to be very important to 
subadult golden eagles. Large numbers of subadults 
frequent the calving and post-calving grounds of cari
bou herds. Up to six subadults have been found feeding 
at one time on wolf-killed and bear-killed caribou, and 
subadults also occasionally have been observed to kill 
caribou calves (Roseneau and Curatolo 1976). 

Non-breeding of golden eagles occurs in some years, and 
there is some evidence to suggest that prey avail
ability may influence breeding success (cf. Brown and 
Amadon 1968; Mosher and White 1976). 

Golden eagles probably hunt throughout the Upper 
Susitna River Basin; however, they may avoid heavily 
treed areas and may tend to spend more effort above and 
outside of the impoundment area than in it. A tendency 
to hunt over open treeless areas coupled with their 
varied diet suggests that the loss of hunting habitat 
as a result of construction and filling of the Watana 
Reservoir will have minor effects on golden eagles . 

• Bald Eagles 

Bald eagles are opportunistic in their feeding habits, 
and diets may vary from region to region according to 
the availability and vulnerability of prey species. 
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Although they take a variety of live prey, bald eagles 
often rely heavily on local sources of carrion, may be 
attracted to dumps, and may pirate prey from other 
raptors, particularly ospreys (cf. Bent 1937; Brown and 
Amadon 1968; Sherrod et al. 1976). Fish are a princi
pal component of their diet in most regions. 

In Alaska, bald eagles rely heavily on dead or dying 
salmon when they are available, and take other species 
of fish as they can in shallow water or as carrion 
along shorelines. Waterfowl and seabirds (alcids and 
larids) are also important components of their diet, 
particularly in some coastal regions (e.g., the Aleu
tian Islands). Dead, dying or injured birds are often 
taken from the water surface, but eagles are also cap
able of surprising and taking uninjured waterfowl and 
seabirds from the water surf ace or in the air. Geese 
may also occasionally be taken in flights (Brown and 
Amadon 1968), and swans and sandhi 11 cranes have some
times been taken (D. Haynes, pers. comm., Springer, 
pers. comm). 

In the Susitna River Valley, salmon are undoubtedly 
important to bald eagles in late summer, fall and 
winter. Earlier in the year, other fish species (par
ticularly whitefish, suckers and grayling) and water
fowl probably constitute the bulk of their diet. Snow
shoe hares and muskrats may also be taken on occasion. 

Bald eagles may hunt throughout the upper Susitna River 
basin; however, they may tend to spend greater amounts 
of time at lower elevations near water bodies than 
gold~n eagles. Losses of hunting habitat to those bald 
eagles nesting in the upper river basin may be greater 
than losses to golden eagles as a result of construc
t ion and filling of the Watana Reserve i r; however, 
attraction of waterfowl to the impoundment may compen
sate in part for such losses. Overall, bald eagles in 
the upper basin are probably more 1 imited by avail
ability of nesting habitat than by availability of 
food. Hunting habitat including tributaries and water 
bodies near the impoundment tone may be adequate for 
those eagles that remain after construction and filling 
of the Watana Reservoir. 

. Gyrfalcons 

Gyrfalcons are year-around residents of the arctic and 
subarctic and are opportunistic hunters. During the 
summer their diets vary according to the prey availa
bility and vulnerability (cf. Roseneau 1972), but they 
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typically rely on only a few principal prey species for 
the bulk of their food (cf. Cade 1960; White and Cade 
1971; Roseneau 1972) .. 

The principal summer prey species include ptarmigan 
(often 70-90% by weight of their diet), arctic ground 
squirrels, and, in some regions, long-tailed jaegers 
( cf. White and Cade 1971; Rosene au 1972). In some 
regions of interior Alaska (e.g., the Alaska Range) 
ground squirrels surpass ptarmigan in importance (cf. 
Cade 1960; Roseneau 1972). Migratory birds usually 
constitute no more than 15-20% by weight of their sum
mer diet. In the winter, gyrfalcons are almost solely 
dependent on ptarmigan (cf. Platt 1976; Walker 1977), 
although in some regions arctic hares are also an 
important component of the diet (Muir 1973). 

Despite the reliance on a few principal prey species, 
gyrfalcons are capable of shifting to other food 
sources during the breeding season if the availability 
of a few prey species changes dramatically -- provided 
that other prey species are present (cf. White and Cade 
1971; Roseneau 1972). It has also been suggested that 
gyrfalcons may not breed in some years when prey avail
ability is low (cf. Hagen 1952; Cade 1960; Roseneau 
1972). 

The reliance on ptarmigan, and the high utilization of 
small mammals, particularly ground squirrels, in the 
summer diet are important factors that have helped 
gyrfalcons to avoid serious biocide contamination and 
thus maintain healthy, non-endangered populations in 
the arctic (cf. Cade et al. 1971; Walker 1977). 

Gyrfalcons may hunt up to 24 km from their nest loca
tions. Nelson (1978) used a helicopter to follow a 
male that hunted as far as 24 km from the nest. 
Another rna 1 e hunted at or beyond 8 km from a nest in 
the Alaska Range, but the female hunted only within 
2-3 km of the nest (Bente 1981). 

Gyrfalcons may also hunt throughout the upper Susitna 
River basin, but they tend to avoid wooded areas and 
probab 1 y spend most of their effort we 11 above the 
impoundment zone. Their tendancy to hunt open, tree
less areas, including the Alpine zone, coupled with 
their opportunistic nature suggest that the loss of 
hunting habitat as a result of construction and filling 
of the Watana Reservoir will not be a serious impact. 
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- Disturbance 

Bald eagles and golden eagles are specifically protected 
under the U.S. Bald Eagle Act of 1940 (as subsequently 
amended). A part of this act prohibits the ,.taking,. of 
any bald or golden eagle or the nests or eggs of such 
birds without a permit. 11 Take 11 is defined to include 
molest or disturb. There are also state 1 aws that pro
vide similar protection for these and the other raptor 
species. 

Much of the information on kinds and effects of distur
bance to raptors has been reviewed and summarized by 
Roseneau et al. (1981). Most information is anecdotal. 
Responses of raptors to various types of disturbance are 
complex -- several factors may affect the sensitivity of 
raptors to disturbance (Table E.3.W78). Timing of the 
disturbance is an important factor (Table E.3.W79). Fur
thermore, effects of disturbance may be additive. 

Responses of raptors to disturbance and the effects of 
these responses are often highly variable. In many 
cases, nesting raptors have shown a surprising degree of 
tolerance and habituation to disturbances (see Roseneau 
et al. 1981), yet in other cases the same types and 
1 evel s of disturbance have had detrimental effects (see 
Roseneau et al. 1981). In general, a mounting body of 
evidence suggests that raptors will habituate to and tol
erate at 1 east moderate forms of disturbance. The same 
body of evidence suggests that the most detrimental forms 
of disturbance are those that occur within (i.e., nesting 
locations) territorial defense zones. Prolonged distur
bances, multiple disturbances, and direct overt harass
ment from either the ground or the air are particularly 
harmful. 

Some species of raptors appear to be 1 ess tal erant of 
disturbance than others. Among the species in Alaska, 
golden eagles appear to be the most sensitive, especially 
to aircraft disturbance and human presence (see Roseneau 
et al. 1981). Although golden eagles, like most raptor 
species, are reluctant to flush from nests as a result of 
aircraft passage during incubation, they often leave 
their nests well in advance of approaching aircraft 
during the nestling period (Roseneau et al. 1981). Fur
thermore, they often leave their nesting areas quickly 
when people approach, often at considerable distances 
(e.g., as much as 0.8 km; Roseneau pers. obs.) from the 
nest.· Several documented nesting failures of gal den 
eagles· in some areas have been blamed on human inter-

.ference {see Roseneau et al. 1981). 
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Nesting locations of raptors and ravens that may be sub
jected to disturbance by the construction and filling of 
the Watana Reservoir (with the exception of reservoir 
clearing operations) are listed in Table E.3.W76. Nest
ing locations were selected for inclusion on the basis of 
distance from project actions. Judgements as to the 
general level of disturbance were made on the basis of 
nest elevation above potential disturbance, distance to 
the disturbance, and general nature and scale of the dis
turbance, assuming year-round activity (clearing, 
material excavation and dam construction). 

Seven golden eagle nesting locations within or on the 
edges of the Watana impoundment may be susceptible to 
disturbance from reservoir clearing operations (see 
Figure E.3.W29: the exceptions are GE-7 and GE-10). 
Five of those locations will be inundated later. Two of 
the five locations will also be susceptible to consider
able disturbance from material excavation at Watana 
Borrow Site J (see Table E.3.W76); however, both loca
tions (GE-8 and GE-9) will be inundated. An eighth gol
den eagle nesting location (GE-11) will be susceptible to 
considerable disturbance at Watana Borrow Site E. This 
latter location will probably be physically destroyed by 
material excavation unless some action is taken to speci
fically preserve it (e.g., the establishment of a buffer 
zone around the nesting cliff). 

Four bald eagle nesting locations within the ~~atana 

impoundment are susceptible to disturbance from reservoir 
clearing operations (see Figure E.3.W29: the exception 
is BE-1). At least two of the four locations are tree
nests that wi 11 eventually be flooded (BE-3 and BE-5), 
and one is a cliff nest that will eventually be inundated 
(BE-4). The fourth location (BE-2) is also likely to be 
inundated· or may be lost because of shoreline erosion 
unless specific safeguards are taken. 

No known gyrfalcon nesting locations appear susceptible 
to major disturbance from Watana construction; however, 
one location (GYR-1) may be susceptible to same distur
bance during reservoir clearing. 

At least one known goshawk nesting location will be sus
ceptible to disturbance from reservoir clearing (GOS-1); 
this nest will eventually be inundated (Figure E.3.W29). 
A second nesting location (GOS-2) is located in the Devil 
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Canyon Reservoir, but may be susceptible to some distur
bance as a result of material excavation at Watana Borrow 
Site I {see Table E.3.W76). 

Twelve common raven nesting locations within or on the 
edges of the Watana impoundment may be susceptible to 
disturbance from reservoir clearing operations, but as 
many as 11 of them will eventually be inundated (see 
Figure E.3.W29: the exception is R-1). Three (R-9, R-10 
and R-11) of the locations that will eventually be inun
dated wi 11 also be susceptible to considerable di stur
bance associated with material excavation at Watana 
Borrow Site J (see Table E.3.W76). Two other nesting 
locations (R-14 and R-15) are located downstream of the 
Watana Dam site~ but they may be susceptible to consider
able disturbance during excavation of materials from 
Watana Borrow Site H. 

Waterbirds 

Because of the low numbers and diversity of waterbirds in 
the Susitna basin (Section 4.2(c)~ (ii))~ impacts from the 
Watana development wi 11 not have a major effect on regional 
populations. Waterbirds that do occur in the Susitna basin 
will be affected during construction of the Watana develop
ment by some loss of habitat~ alteration of habitat and 
disturbance. 

- Habitat Loss 

Loons~ grebes~ swans and several of the duck species in 
the Susitna basin occur primariiy on lakes (Appendix EF). 
These species wi 11 not be affected seriously by loss of 
habitat since only 38 ha of lakes will be flooded by the 
Watana impoundment. Most species using the river will be 
more affected by habitat alteration (see below) than 
direct loss. However, some tree nesting ducks (golden
eyes, common merganser) will probably lose nesting trees 
during reservoir clearing. Goldeneyes prefer to nest in 
relatively large diameter cavities. Prince (1968) 
reported the smallest cavity diameter in his study to be 
15.2 em. Most large trees are probably on the lower 
slopes of the Susitna valley and will be flooded. 

- Habitat Alteration 

During construction and filling, habitat alteration will 
occur primarily from clearing, flooding of shorelines and 
possibly siltation and shoreline changes in lakes where 
borrow areas are irnmedi ately adjacent. 
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Clearing will have little effect on waterbirds with the 
possible exception, as noted in the, previous section, of 
cutting nest trees of some duck species. Flooding will 
eliminate shoreline nesting areas of common and red
breasted mergansers and har 1 equi n ducks, and wi 11 prob
ably affect the fish-eating mergansers through some loss 
of food resources. Mainstream fish populations are not 
expected to be seriously affected by flooding but por
tions of the grayling populations in tributary streams 
may be lost {Section 2.3). Nevertheless, fish popu
lations will probably remain sufficient to support the 
low merganser numbers in the area and this impact wi 11 
not be significant. 

If borrow areas were constructed on the shores of lakes 
·or streams, habitat for nesting waterbirds will be at 
least temporarily lost. The preliminary determination of 
potential borrow areas indicates that a number of lakes, 
creeks, and wetlands may be affected. Specific informa
tion about bird populations for most of these areas is 
lacking, but the generally low numbers of waterbirds 
found in Susitna Basin lakes suggests that few birds 
would be affected. 

Open water areas below the dam and near the intake will 
provide habitat for spring migrants when other waterbirds 
are still frozen. The reservoir will be of low quality 
to nesting waterfowl, but will provide habitat for mi
grating birds and molting waterfowl. 

- Oi sturbance 

A number of sources of disturbance to waterbirds wi 11 
exist during Watana construction, but whether any of 
these will be sufficient to cause habitat abandonment is 
unknown. The main sources of disturbance will be borrow 
extraction from wetland areas, transport of borrow and 
other materials, and if done in summer, reservoir clear
ing. The construction of the dam itself is a sufficient
ly localized disturbance and few waterfowl will be affec
ted. 

Waterbirds in tundra areas have been shown to avoid imme
diate areas of intense human activity (Barry and Spencer 
1976) and similar avoidance would probably occur in other 
areas of open wetland. Most quantitative studies have 
been of aircraft disturbance. Results of most of these 
studies on ducks (e.g., Gallop et. al 1974, Schweinsburg 
1974, Schweinsburg, et al. 1974, Ward. and Sharp 1974) 
have found changes in behavior, but little effect on 
distribution of nesting or moulting ducks. Geese and 
whistling swans occur in only small numbers during 
migration in the Susitna area and are unlikely to be much 
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affected by disturbance. Trumpeter swans nest in the 
upper basin, but primarily. to the east of the project 
area; only small numbers occur in the Watana area during 
migration. Geese and swans are unlikely to be seriously 
affected by disturbance. 

(xvi) Other Birds 

- Construct i.on 

Terrestrial and shoreline birds will be affected by habi
tat loss through clearing of the reservoir area and areas 
for access roads, camps, borrow pits, and other facil
ities. Changes caused by clearing in closed forests will 
also affect birds by permitting species that are asso
ciated with edges to invade and, depending on the extent 
of clearing, perhaps excluding species that require a 
c lased canopy. Birds near the construction zones wi 11 
also be affected by sensory disturbance from traffic, 
noise, air emissions, and people. 

Habitat Loss 

Table E.3.W78 shows the proportionate loss of each 
habitat type. Forest habitats, especially deciduous 
(birch) and mixed forests will be most affected. These 
types support among the highest density and diversity 
of breeding birds in the upper Susitna area. Although 
only two species (hairy woodpecker and northern water
thrush) nested exclusively in deciduous or mixed 
forests, a number of species· occurred much more 
commonly in one or both of these habitats than else;.. 
where. These included spruce grouse, boreal chickadee, 
brown creeper, hermit and Swainson•s thrushes, yellow
rumped and blackpol warblers, and dark-eyed junco (see 
Section 4. 2 {c) , ( i i i ) ) . 

An attempt was made to estimate the numbers of breeding 
pairs lost to the Watana development in relation to the 
population of the entire upper basin (Tables E.3.W79 
and E.3.W80). The estimates were calculated using the 
density of each species in the various vegetation 
types, and the areal extent of each vegetation type to 
be affected. Because only one or two census plots were 
established in each vegetation type, the estimates 
probably represent only the correct order of magnitude 
of loss for each species. 

The substantial variation in breeding bird densities 
between 1981 and 1982 (see Section 4.2 (c), (iii)) 
results in an equally substantial variation in the 
estimates of breeding pairs lost in the two years. 
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Data from 17 years of roadside bird counts in the 
Fairbanks area (Kessel, pers. comm.) suggest that 1981 
was a good year in terms of bird abundance for most 
species. Overall, an estimated 28,334 to 37,845 pairs 
of small and medium-sized upland birds will be lost 
because of flooding or clearing of habitat for the 
Watana development. In total, this represents 1.1% of 
the bird populations of forest, shrubland, and mat and 
cusion tundra in the upper basin. No estimates are 
available for other tundra habitats but only very small 
areas of tundra wi 11 be affected by the project. The 
species that will suffer the greatest numerical losses 
tend to be those that occur in high densities in wide~ 
spread habitats. Large numerical losses of Swainson•s 
thrushes, ruby-crowned kinglets, yellow- rumped 
warblers, Wilson•s warblers, dark-eyed juncos, tree 
sparrows, and a few other species will occur (see Table 
E.3.W79). However, most of these species are abundant 
throughout the upper basin. Of the 12 species that 
will lose 2000 or more pairs, the loss represents 5% or 
more of the basin population for only three: 
Swainson•s thrush, yellow-rumped warbler, and fox 
sparrow (Table E.3.W80). 

Species that will experience the largest proportionate 
loss are, not surprisingly, primar~ly those whose main 
habitats wi 11 be most affected. In addition to the 
three species mentioned above, more than 5% of. the 
estimated upper basin population of spruce grouse, 
hairy woodpecker, boreal chickadee, brown creeper, and 
northern waterthrush populations wi 11 be lost. A 1-
though these losses represent a fairly substantial 
proportion of the local population of these species, 
none are rare in adjacent areas of A 1 ask a and these 
impacts will not have a serious effect on local popula
tions. 

Habitat Alteration 

Habitat alteration resulting from clearing and con
struction of buildings, dams and borrow pits wi 11 have 
negative effects on some species and positive effects 
on others. Species of closed forests will be somewhat 
reduced in numbers near the cleared areas where clear
ings are in forested habitat, whereas species asso
ciated with edges wi 11 probab 1 y increase. In some 
locations, local increases in species diversity may 
occur as a result of the increased interspersion of 
forest and edge habitat. 
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Some species are capable of utilizing artificial habi
t at s created by man and these species may benefit from 
certain habitat changes. For example, bank swallows 
and kingfishers may dig their nest cavities in sand 
walls of borrow areas that are not in active use or 
even in less disturbed areas of large pits that are in 
active use. Cliff swallows readily nest on buidlings. 
Ravens (and possibly bald and golden eagles) will feed 
on road-killed wildlife; Ravens and gulls will feed at 
refuse dumps if these are not properly maintained. 

- Disturbance 

Disturbance to up 1 and birds wi 11 result primarily from 
road traffice and is discussed in Section 4.3 (c). Some 
disturbance may also result from activities of people at 
borrow pits and the construction site but there is little 
quantitative information about the effects of such dis
turbance. Local disturbance of this nature will not have 
any serious effect on populations of upland birds. 

-Filling 

Since the reservoir is to be cleared, most of the habitat 
loss associated with the Susitna project will occur dur
ing the construction phase and was discussed above. Dur
ing filling, the species that will be affected are those 
that had invaded the cutover area (mainly birds and shrub 
habitats) and birds dependent on shorelines, mudbars, and 
streams. These are primarily shorebirds and the dipper. 
Dippers inhabit fast-running mountain streams·and dipper 
habitat will be lost to the extent that the lower reaches 
of such streams are flooded. Dippers also winter in the 
Susitna area a 1 ong the open water or fast running streams 
and the Susitna River itself. Loss of some of these 
areas of open water could result in lowered population, 
but alternate areas of open water will be available else
where. 

During filling, the sandbars, islands, and shorelines 
used by shorebirds will be flooded. Three breeding 
species (spotted sandpiper, greater yellowlegs, and semi
pa1mated plover) and about seven migrant species will be 
affected. The Susitna River does not seem to be a major 
staging area for shorebirds and the loss of habitat for 
migrants will have insignificant effects. All of the 
breed·ing shorebird habitat in the impoundment area will 
be lost but all species are present in adjacent areas. 
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- Operation 

During operation of the Watana development, some feeding 
habitat for spring migrant shorebirds will probably be 
created in the drawdown zone. Feeding habitats for fall 
migrants wi 11 not be created because the reservoir wi 11 
be full in fall. 

The abundance and species composition of birds along the 
downstream reaches of the river wi 11 change as new 
riparian vegetation invades areas of the floodplain and 
proceeds through the succession a 1 stages described in 
Section 3.2. These changes will be most visible in the 
reaches north of Ta 1 keetna where changes in vegetation 
will be most pronounced. Because bird densities and 
species diversities are highest in tall shrub and mature 
forest stands (see Section 4.2 (c), (iii)), the 
vegetation changes over 100-200 years could be considered 
beneficial to breeding birds. However, the proportionate 
changes in species abundance in the study area as a whole 
will be very small during the license period. 

(xvi) Non-game (small) Mammals 

Population densities of most species of small rodents fluc
tuate widely under natural circumstances (Krebs and Myers 
1974, Kessel et al. 1982), and it is consequently difficult 
to predict post-construction population levels. Although 
the populations of some species will be diminished due to 
the project, most species respond quickly to disturbance, 
abandoning some areas and colonizing new ones. In addi
tion, reproductive rates of small mammals are high and most 
populations can recover quickly from population reductions 
if sufficient food resources and space are available. 

Only those species of small mammals that are restricted to 
dense forest habitats are· expected to show marked de
creases, primarily due to loss of forest to the impoundment 
and construction sites. These decreases may, in turn, be 
reflected in certain carnivore or raptor spe~ies that 
depend on small mammals for prey. 

During the construction phase, small mammals will mainly be 
affected by the clearing of the impoundment area, the bor
row pits and the construction camp. Over 110 km2. of for
est wi 11 be cleared. The species that are restricted to 
forest habitats and wi 11 thus be most affected are porcu
Pines, snowshoe hares, pygmy shrews, and red squi rre 1 s. 
Small numbers of hares and porcupines, and extremely small 
numbers of pygmy shrews were observed in the project area. 
Because the area does not seem to be prime habitat for the 
former two species (Kessel et al. 1982), their regional 
densities are not expected to be affected by the project. 
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Red sq_ui rre 1 s are common throughout the forested areas of 
the project area. Over 80 km2 (3.5 percent) of their 
preferred spruce habitat will be cleared. 

The other species that will be affected by the clearing 
during Watana construction will be the northern re~-backed 
vole. Red-backed voles were found in nearly every habitat 
type in the Watana area, but were most common in spruce and 
cottonwood forests. Some decrease in overall abundance of 
this species is expect~d. 

During the three-year fi 11 i ng stage, many of the areas 
cleared during construction will be colonized by early suc
cessional plant species and small mammals. Meadow voles 
are expected to thrive in such areas (Dabbs et al. 1974). 
Tundra voles, masked shrews, and arctic shrews may also 
recolonize these areas. ·As water levels rise during the 
filling stage, these populations of small mammals will be 
displaced, and most wi 11 be drowned. However, no substan
tial reductions in regional populations are expected as a 
result of these effects. 

The major impact on small mammals during the operation 
phase of Watana Dam will be the changes caused by succes
sion of disturbed areas such as the borrow pits and camps, 
and of the newly exposed 1 and downstream of the dam. 
Species that occur in grasslands and early successional 
communities will be favored initially. These include 
meadow voles, and in some cases, tundra voles, masked 
shrews and arctic shrews. As succession progresses to 
shrublands, the habitat will improve for species such as 
northern red-backed vo 1 es and masked shrews. Any revegeta
tion using non-native grass species will favor meadow 
voles, perhaps to the exclusion of other species {Bodrer 
and Wooley 1974). Attempts to reforest areas using tree 
seedlings are unlikely to succeed because of girdling by 
the high densities of meadow voles expected in disturbed 
areas. 

Dev i 1 Can yon Deve 1 opment 

(i) Moose 

Because of steep topography and extensive mature forests in 
the Devil Canyon area, fewer moose occur in this portion of 
the Susitna basin than in the area to the east of Watana 
Creek (Ballard et al. 1982a). Distributions of moose 
observed during surveys in March 1981 suggest that moose 
were not common in the vicinity of the Dev i 1 Canyon dam 
site but became more abundant in upstream areas near the 
Watana dam site. Ballard et al. (1982a) estimated that 30 
moose were present within the Devil Canyon impoundment area 
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during a census in 1 ate March 1981. Because of the mild 
winter conditions, this census probably underestimates the 
number of moose that would be present during winters with 
deeper snows. 

Because of the 1 ow numbers of moose in the De vi 1 Canyon 
area~ impacts on moose in this region are of less concern 
than in the Watana development area. The range of impacts 
to moose that may result from the Devi 1 Canyon project are 
similar to those already discussed for the Watana project. 
Potential impacts include loss of habitat, alteration of 
habitat, interference with seasonal movements, mechanical 
and human disturbance~ hazards associated with the drawdown 
zone, and hunting mortality. Impacts associated with the 
access roads, the railway and transmission lines are dis
cussed in Section 4.3 {c) and (d). 

- Construction 

Construction of the Devil Canyon dam will involve intense 
construction activity at the actual dam site, establish
ment of a temporary camp, removal of the forest cover in 
the i mpoundrnent, and . the exc av at ion and transportation of 
borrow material. The most important effects of construc
tion on moose will be habitat loss, mortality, inter
ference with seasonal movements, and disturbance. As 
discussed for the Watana project, alter at ion of habitat 
resulting from construction activities will be minimal 
and effects on moose will be negligible . 

. Habitat Loss 

An estimated 32 km2 will be cleared within the Devil 
Can yon impoundment area and an addition a 1 214 h a wi 11 
be used for operational areas, campsites and borrow 
pits. Losses of major forest cover types in relation 
to their availability indicate that the greatest pro
portion of lasses will occur in wood 1 and spruce, open 
spruce, and mixed forest cover types (Table 1). Be
cause moose in the Susitna basin were most commonly 
relocated in spruce forest than in any other forest 
cover type (Ballard et al. 1982a), the loss of spruce 
habitat in the vicinity of Devil Canyon may be impor
tant to moose. However, the limited area of bottomland 
habitats and the steep slopes of the Susitna River 
valley in the Devil Canyon area probably limits present 
use by moose, and the loss of valley habitats in the 
impoundment area may not be as serious as it ini.tially 
appears. Althot.lgh almost all of the low elevation 
habitat will be lost, moose do not appear to commonly 
winter in the Devil Canyon area. As a result, loss of 
low elevation habitats probably wi 11 not appreciably 
alter overwinter survival of moose in the Devil Canyon 
area. 

E-3-338 

'~ 

'~ 

-



• Interference with Movements 

The De vi 1 Canyon impoundment generally wi 11 not exceed 
1.6 km in width. Clearing of vegetation in the im
poundment area may present a visual barrier to moose 
movements. and disturbances associated with clearing 
operations and construction could block or alter migra
tion paths across or along the river. Moose reloca
tions in the Devil Canyon area suggest that no major 
movement corridors for moose exist within the Devil 
Canyon impoundment area. but more frequent crossings 
may occur once the Watana impoundment is present • 

• Disturbance 

Effects of disturbance on moose in the Devi 1 Canyon 
area will be minimal and will be similar to those 
impacts discussed for the Watana project • 

• Mortality 

Although a few moose may be killed as a result of col
lisions with vehicles or other accidents associated 
with construction areas. the effect of those mortali
ties on moose populations will be negligible. The 
major mortality factor associated with the construction 
of the Devil Canyon dam will be the probable increase 
in hunting associated with the influx of construction 
workers and other personnel to a previously · remote 
area. Because moose wi 11 be more abundant in the 
Watana area than in the De vi 1 · Canyon area. hunting 
activity by Devil Canyon personnel will likely be con
centrated to the east of the project area. Effects of 
hunting on moose are described in more detail for the 
two development areas in Section 4.3(c). (i). 

-Filling Operation 

The filling phase of the Devil Canyon impoundment is 
estimated to be approximately 2 months (as opposed to 3-4 
years for the Watana project). In addition, the drawdown 
zone (to 15 m in some years during August and September) 
wi 11 be 1 ess than 1 m for most of the year. Because of 
the smaller area, local topography, the small drawdown 
zone during most of the year, and the rapid filling 
sequence. the effects of the Devil Canyon project on 
moose will be much less severe than those of the Watana 
project. The major impacts to moose will be alteration 
of habitat. loss· of habitat, blockage of movements, 
mortality, and disturbance. 
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. Alteration of Habitat 

As discussed for the Watana project, the Devi 1 Canyon 
impoundment will cause some alterations of vegetation 
in the vicinity of the impoundment and in areas down
stream from the dam. 

Alteration of vegetation in the vicinity of the im
poundment may occur as a result of several microcli
mat i c changes such as seasonal temperatures, wind di r
ecti on and speed, and ice fog. Effects of these 
changes on moose wi 11 probably be minimal (Section 4.3 
( a) , ( i ) ) . 

Alteration of vegetation downstream of the Devil Canyon 
site, however, may affect the distribution, abundance, 
a~d quality of moose habitat. The combined effects of 
the Watana and Devil Canyon darns will result in in
creased water temperatures in ·downstream portions of 
the river, and it is anticipated that the Susitna River 
wi 11 remain open from the De vi 1 Canyon dam to 
Talkeetna. Flow regimes following completion of the 
De vi 1 Canyon dam are not expected to differ greatly 
from flow regimes of the Watana project. Hence, no 
additional differences in vegetation resulting from 
lower water flows are expected when the Devi 1 Canyon 
dam becomes operational. 

Open water in the Oev i 1 Canyon-Ta 1 keetna reach of the 
Susitna River will affect vegetation in several ways. 
Steam fog wi 11 be common over the open water reach dur
ing winter. Because of the high moisture content of 
the air, icing of vegetation along the river will 
occur. However, the area of riparian habitat that will 
be affected depends on several topographical and clima
tic factors, and cannot be accurately predicted. It is 
also not known if plant productivity will be detrimen
tally affected by icing or if moose will utilize iced 
winter browse. As a result, impacts on moose associa
ted with vegetation icing along the Devil Canyon
Talkeetna portion of the Susitna River are difficult to 
assess. 

Because of the open water conditions in the Devil 
Canyon-Talkeetna reach, ice scouring of lower level 
riparian areas will not occur during the spring. 
Annual disturbance of successional growth in these 
areas will be reduced (although flooding will still 
scour some areas) and the area may succeed to riparian 
shrub communities. If this is the case, moose may 
benefit from an increased availability of riparian 
habitat. 
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As discussed for the Watana project, bankfull flooding 
wi 11 be reduced by the Susi tna project. Riparian 
communities on h1gher ground of the river channel will 
gradually succeed to cottonwood forest but at the same 
time will extend downward into the newly-exposed areas 
of the river channel. Periodic flooding for fisheries 
management may provide sufficient disturbances of these 
riparian communities to mai nt ai n productive riparian 
growth. 

Interference with Movements 

Movements of moose in the vicinity of the Devil Canyon 
impoundment and downstream of the dam· may be affected 
by the Devil Canyon project. Moose attempting to cross 
the impoundment area may be inhibited by visual factors 
such as the 1.6 km wide impoundment or the presence of 
open water areas in winter. The width of the impound
ment is not likely to present a physical barrier to 
moose in summer, but winter open water areas caul d 
deflect movements. 

Moose in the De vi 1 Canyon-Ta 1 keetna reach of the 
Susitna River overwinter in riparian habitats and on 
river islands of the Susitna River (Modafferi 1982). 
Parturient cows apparently prefer to calve on river 
islands or in riparian areas, presumably because of the 
avai 1 ability of high qua 1 ity forage and reduced numbers 
of predators (Stringham 1974). The presence of open 
water between the dam and Talkeetna may interfere with 

·use of these river island habitats during the winter 
and the early portion of the calving period. Moose in 
northern British Co 1 umbi a are not known to cross sec.;. 
tions of open water downstream of dams during winter 
(F. Harper, pers. comm.). The effects of exposure to 
sub-zero temperatures following crossing of open water 
would presumably physiologically stress moose during a 
period when their energy balance is . already pre
carious . 

. Disturbance 

Mechanical and human disturbance should decline in the 
Devil Canyon area once the dam becomes operational. 
Although it is not known to what extent the region will 
be used for recreational activities, increased access 
would maintain disturbance levels at a higher level 
than is currently encountered, but at a level much 
lower than during construction. If animals are not 
directly harassed, disturbances during the filling and 
operation stages will at most have a slight effect on 
moose distributions. 
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. Mortality 

During the filling and operation of the Devil Canyon 
dam, moose mortality may increase as a result of hunt
ing and accidental deaths (see Section 4.3 (a), (i)) . 

. Devi 1 Canyon: Summary of Impacts 

The construction and operation of the De vi 1 Canyon dam 
will likely have only a moderate to minimal impact on 
moose populations in the upper Susitna bas)n. Because 
the Devi 1 Canyon project wi 11 follow the Watana devel
opment, moose populations will already have been great
ly reduced. By comparison, further reductions result
; ng from the Devi 1 Canyon dam will be minimal. The 
most substantial impacts of the Devi 1 Canyon project 
are, in order of decreasing severity, loss of habitat, 
blockage of movements, alteration of habitat, acciden
tal mortality, and hunting mortality. 

Effects of habitat alteration wi 11 be minimal in the 
vicinity of the impoundment. In downstream areas, how
ever, increased water temperatures with subsequent open 
water conditions could reduce the availability and pro
ductivity of winter browse in the Devil Canyon
Talkeetna reach of the river. Moose in this area over
winter and calve in these riparian communities and gen
erally spend most of the year withfn a narrow corridor 
bordering these areas. Effects on the few moose occur
ring in this area would be moderate to severe. 

Clearing and inundation of the impoundment area will 
result in the permanent loss of small areas of winter 
range, calving areas, and breeding areas. Effects on 
moose may be moderate to minimal. 

Hunter mortality, blockage of movements, and accidental 
mortality will have only minimal impacts on moose. 

(ii) Caribou 

Few impacts of the Devi 1 Canyon development on caribou are 
expected. The impoundment area, particularly the area near 
the dam site, has received 1 itt 1 e use by caribou either 
historically or in recent years. A small portion of the 
Nelchina herd may occasionally cross the impoundment, but 
because the crossing hazards are expected to be less severe 
than those associated with the Watana impoundment, no sub
tant i al impacts are expected. There may be some impacts on 
caribou resulting from aircraft disturbance and the Watana 
to Devi 1 Canyon road segment -- these wi 11 be simi 1 ar to 
those associated with the Watana development, and are dis-· 
cussed in Section 4.3 (a), (ii) and 4.3 (c), (ii). 
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Dall Sheep 

The construction, fi 11 i ng and operation of the Devil Can
yon Dam will have no direct impact on any of the three Dall 
sheep populations in the upper Susitna basin. All three 
populations are far removed from the dam site. 

Any increase in air traffic to the Watana airstrip due to 
the construction of the Devil Canyon dam has the potential 
for disturbing the Mt. Watana-Grebe Mt. population (coming 
from the south) or the Portage-Tsusena Creek population 
(coming from the north). The effects of aircraft traffic 
on Dall sheep are discussed in Section 4.3(a), (iii). 

Brown Bears 

The impacts of the construction of the Devil Canyon dam on 
brown bears will be similar to those during construction of 
the Watana dam, except that the number of bears affected 
will be much smaller. The area near the Devil Canyon site 
is at lower elevations and is not prime habitat for brown 
bears. 

Some human/bear contact is likely to occur during the con
struction of the dam, leading to increased bear mortality. 
As discussed in Section 4.3(a), (iv). improper food and 
garbage handling practices will increase problems with 
bears. Avoidance of areas of human activity by bears will 
cause some habitat loss, but because a relatively small 
area of low value to brown bears will be affected, no 
population effect is likely. 

Steep canyon walls will confine most of the Devil Canyon 
impoundment, thus minimizing the area inundated. There 
wi 11 be some loss of riparian areas, with its associated 
food sources - berries, early spring greenery, and moose 
calves. No potential denning areas wi 11 be affected. 
Other long-term effects of the De vi 1 Canyon deve 1 opment, 
such as increased hunting and aircraft disturbance, will be 
similar to those associated with the Watana development, 
but at a reduced scale. 

Black Bears 

The impacts of the Devi 1 Canyon development on the local 
black bear population will be substantially less than those 
for Watana, because only a small portion of acceptable 
black bear habitat in that area •t~i 11 be lost. The impact 
on denning areas will also be considerably less; only one 
of 16 den sites found in the vicinity of the Devil Canyon 
impoundment will be flooded. Most of the potential impacts 
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discussed for the Watana development will exist, but at a 
much-reduced level. Downstream effects of the Devil Canyon 
impoundment should be the same as those discussed in 
Section 4.3(a), (v). 

(vi) Wo 1 f 

Impacts from the Devil Canyon development will be very sim
ilar to those from the Watana development. No known dens 
or rendezvous sites will be affected, but this area has not 
been intensively searched for dens. Nevertheless, loss of 
den sites is not expected to have significant effects on 
wolf populations. Similarly, disturbance is not expected 
to affect wolves except possibly at den sites during May 
and June. Wolf pups moved from dens because of disturbance 
when they are very young may not survive (Ballard et al. 
1982b). 

It was argued in Section 4.3(a), (vi) that wolf populations 
are unlikely, at their present levels, to be seriously 
affected by loss of prey species. The same situation holds 
for the Devil Canyon development; only in the event that 
management objectives require higher wolf populations would 
loss of prey species become a potentially significant 
impact. . 

(vii) Wolverine 

The effects of the Devil Canyon development on wolverine 
will be insignificant except for the potential of increased 
trapping as discussed in Section 4.3(c), (vii). Because 
wolverines range over large areas, the relatively minor 
changes in food availability and the effects of intensive 
human activity near the construction site should not 
noticeably affect the few wolverines near the Devil Canyon 
development area. 

(viii) Belukha Whale 

As discussed in Section 4.3(a), (viii), the combined opera
tion of Watana and Devil Canyon should have no detectable 
effect on belukha whales in Cook Inlet. 

( i x) Beaver 

The Devil Canyon project could have a beneficial effect on 
beaver if the reservoir level is stable within 1 m for most 
of the year as proposed. Several beaver colonies now 
occurring within Borrow Area K and near the camp site will 
be adversely affected, but a slight improvement in down
stream habitat resulting from a 1 ack of ice cover down to 
Talkeetna, and the possible use of the reservoir by 
beavers, will offset these impacts. 
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No beaver are known to occupy the De vi 1 Canyon Reservoir 
and thus no adverse impact is expected as a result of i nun
dation. However, during the period between the filling of 
the Watana and Devil Canyon reservoirs, some beavers may 
colonize this reach and be initially displaced. Approxi
mately 10 beaver are known to occupy the 1 akes in and 
adjacent to Borrow Area K and the proposed construction 
camp, and these areas wi 11 probably be lost during con
struction. 

Downstream effects should be the same as with Watana only, 
except that the 1 ack of ice cover from Dev i 1 Canyon to 
Talkeetna may allow beaver use of some sloughs and side 
channels that are s~bject to freeze-out when ice cover is 
present. 

(x) Muskrat 

Construction of the Devil Canyon Dam should have no direct 
impacts upon muskrats as no suitable habitat is known from 
the tonstruction or borrow sites (Table M-1). Some habitat 
loss may occur from building camp facilities if ponds and 
lakes are filled in for roads, work pads, etc. Downstream 
effects will be similar to those described in Section 
4.3(a), (x). 

If construction camp personnel and their families are 
allowed to trap in the area, muskrat populations throughout 
the lakes lying on either side of the Susitna River could 
be affected .. Gipson et al. (1982) found muskrat sign in 
these lakes, and noted their vulnerability to trapping. 

No impact is foreseen from vegetation removal in the im
poundment zone, or from subsequent flooding. 

(xi) Mink and Otter 

Effects of the Devil Canyon project on mink and otter will 
be similar to those already discussed for the Watana proj
eCt (Section 4.3(a}, (xi}), but because of the smaller size 
of the impoundment and the more stable water level, effects 
wi 11 be less severe. Because mink are most abundant east 
of Kosina Creek, the Devi 1 Canyon project wi 11 probably 
have little effect on the regional population. Major 
impacts to otter and mink are loss of habitat, reduction in 
prey avai 1 abi 1 ity, increased human disturbance, and 
barriers to movement. 
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Because the combined Devil Canyon project and the Watana 
project wi 11 probably result in permanently open water from 
Devil Canyon to Talkeetna, mink and otter may be positively 
affected. Both species prefer areas of open water in 
rivers and streams in winter (Barber et al. 1975). Open 
water areas in the reservoir during winter should also have 
beneficial effects. 

(xi i) Coyote and Red Fox 

Coyotes are probably slightly more common in the Devil 
Canyon area than in the Watana area but they are sti 11 
sufficiently uncommon that the project is unlikely to have 
any effect on them. As in the case of the Watana develop
ment, foxes will be affected primarily by increased trapp
ing and by destruction of nuisance animals if garbage is 
not regularly incinerated and regulations against feeding 
enforced. Habitat loss wi 11 not be a major impact since 
foxes tend to occur at mid and high elevations rather than 
in the forested areas along the river. 

(xiii) Other Terrestrial Furbearers 

Lynx, weasels, and marten will all be affected by the Devil 
Canyon development primarily by loss of habitat. As in the 
case of the Watana development, no estimates of the poten
tial reduction in numbers of lynx and weasels can be made. 
Approximately 14 marten will be lost to the impoundment and 
construction sites, borrow pits, etc. If both Watana and 
De vi 1 Canyon are bui 1t, about ll. 5 percent of the Upper 
Susitna Basin marten population will be lost {access road 
and transmission line not included). Both of these esti
mates are based on the conservative marten density derived 
in Section 4.3(a), (xiii). 

Marten, lynx, and weasels may be disturbed by construction 
activity but there is no evidence that they will vacate 
areas as a result of these disturbances. 

(xiv) Raptors and Ravens 

- Construction and Filling 

Construction and fi 11 i ng of the Devil Canyon reservoir 
would have the same kind of effect on raptors and ravens 
as the Watana development, and would increase overall 
impact to those species; however, the increase would 
repesent a relatively small proportion of the total 
impact of both developments. 
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• Habitat Loss 

At least 2 (12%} of the 16 total known golden eagles 
nesting locations in the general vicinity of the Devil 
Canyon impoundment wi 11 be directly 1 ost (Table 
E.3.W76). The cumulative loss of golden eagle nests to 
both projects represents 41-50% of known nest locations 
in the project area (Table E.3.W75). 

No ba 1 d eagle nesting 1 ocat ions wi 11 be 1 ost as a 
result of Devil Canyon construction and filling. 

No know gyrf a 1 con nesting 1 a cations will be inundated 
by the De vi 1 Canyon reservoir, but one of three total 
locations may be located in Borrow site K (see Table 
E.3.W76). If so, this nesting location may be lost 
during material excavation, but overall impact to this 
species in the upper basin will remain minimal. 

Over (33%) of three known goshawk nesting locations in 
the general vicinity of the Devil·· Canyon project will 
be directly lost to clearing and filling of the Devil 
Canyon reservoir (Figure E. 3. W30, Tab 1 e E. 3.W75 and 
E. 3. W76). The nest 1 ocat ion that wi 11 be 1 ost is one 
of two discovered to date upstream of the Devil Canyon 
dam site. Although the 1 ass of this goshawk nesting 
location doubles the number lost as a result of both 
reservoirs, total impacts to this woodland species are 
anticipated to remain minimal because appropriate 
nesting habitat appears to be re 1 at i ve ly 1 i mi ted in 
both impoundments. 

Four (19%) of 21 previously used raven nesting 
locations in the general vicinity of the Devil Canyon 
project will be lost as a result of construction and 
filling of the Devil Canyon Reservoir (Figure E.3.W30 
Tables E.3.W75 and E.3.W76). All four will be lost by 
inundation, and one additional nest (R-19) will remain 
only a few meters above maximum flood level (see Figure 
E.3.W30). 

Although construction and filling of the Devil Canyon 
Reservoir will increase the number of used nesting 
1 ocations to 13-14 (62-67% of the previous total) (see 
Table E.3.W75), total impact to ravens is still 
anticipated to be relatively low. Loss of nesting 
locations in Devil Canyon will probably increase the 
importance of remaining cliff areas to there (see Table 
E.3.W77) and in side tributaries. It may also increase 
the importance of trees for nesting (see Section 4.3 
4.3(a), (xiv)). 
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Disturbance 

Five golden eagle nesting locations within or on the 
edges o.f the Dev i 1 Canyon impoundment may be suscept
ible to disturbance from reservoir clearing operations 
(see Figure E.3.W30: the two exceptions are GE-19 and 
GE-18). One and perhaps two of those locations will be 
inundated later (GE-13 and GE-14). One of the five 
locations (GE-ll) may be susceptible to disturbance 
from the clearing operations in the Devil Canyon area 
only if it remains following the excavation of mater
ials from Watana Borrow Site E. One other gryfalcon 
nesting location (GE-18) is about 0.9 km downstream of 
the Devil Canyon dam site and may be susceptible to 
considerable disturbance as a result of activities 
associated with the construction of the dam itself. 

No known bald eagle nesting locations appear suscept
ible to disturbance as a result of activities associa
ted with the construction of the Devi 1 Canyon dam, 
clearing operations within the impoundment zone, or 
filling of the reservoir. 

Two known gyrfalcon nesting locations in the Devi 1 
Canyon impoundment area may be susceptible to distur
bance. One of those locations (Gyr-2) may be suscep
tible to some disturbance during the reservoir 
clearing, and the subsequent increase in human presence 
as recreation activities develop and increase along the 
impoundment edges. A second location (Gyr-3) may be 
susceptible to considerable disturbance from excavation 
and transport of materials from De vi 1 Canyon Quarry 
Site K. 

At least two known goshawk nesting locations (tree 
nests) may be susceptible to disturbance from construc
tion and filling of the Devil Canyon Reservoir. One of 
these nesting locations (GOS-2) is within the Devil 
Canyon reservoir. It may be susceptible to disturbance 
from material excavation (0.2 km to the west) at Watana 
Borrow Site I (see Watana disturbance goshawks) and 
will eventually be cut down during reservoir clearing 
operations prior to inundation (Figure E.3.W30). The 
other nesting location (GOS-3) is situated well above 
the reservoir level, but disturbance from human 
presence may increase as recreational activities 
develop along the impoundment edges. 

Six raven nesting locations within or on the edges of 
the Devil Canyon impoundment may be susceptible to 
disturbance from reservoir clearing operations, but 
four of these will eventually be inunudated (see FigGre 
E.3.W30: the exceptions are R-19 and R-21). One of the 
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locations not inundated (R-19) will remain only a few 
meters above maximum flood 1 eve 1. The other nesting 
locations that is not inundated (R-21) is about 0.7 km 
downstream of the Devi 1 Canyon dam site and may be 
susceptible to disturbance during construction of the 
dam. 

Waterbirds 

The Devil Canyon impoundment will benefit the waterbirds in 
the upper basin, although initially the clearing and con
struction activities may cause a temporary loss of suitable 
habitat. The open water area near each end of the 
reservoir should benefit some early and later migrants when 
other waterbirds are frozen. 

Downstream effects wi 11 be simi 1 ar to those discussed in 
Section 4.3(a), (xv). These will consist mostly of 
distributional shifts and minor changes in relative 
abundance of riparian species as newly-formed vegetation 
proceeds through the successi anal sequence described in 
Section 3.2. 

(xvi) Other Birds 

The Devil Canyon development wi 11 .result in the same types 
of impacts (habitat loss, habitat alteration, disturbance, 
direct mortalilty) with the same types of effects on ter
restrial and shoreline birds as the Watana development (see 
Section 4.3(a), (xvi)). 

Flooding of the Devil Canyon impoundment will increase the 
proportionate loss of mixed forest in the upper basin by 3%' 
over that lost to the Watana development (Table E.3.W78). 
The Devi 1 Canyon impoundment area contains only small 
stands of a few hectares of birch forest, the habitat with 
the largest proportionate loss to the Watana development. 
These additional birch forest stands wi 11 be lost by 
flooding of the Devi 1 Canyon impoundment. Overall, an 
estimated 5248 to 7602 breeding pairs (0. 2% of the upper 
basin population) wi 11 be 1 ost to the De vi 1 Canyon 
development (Table E.3.W79). For a few species, the 
proportionate loss to Devil Canyon results in a substantial 
increase over the loss to the Watana Development alone. 
For example, if both developments are built, an estimated 
19.9% of the upper basin brown creeper population will be 
lost (Table E.3.W80). Devil Canyon will also result in a 
3-5% increase in the number of spruce grouse, yellow
rumped warblers and northern water thrushes lost. 
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The drawdown of the Devil Canyon impoundment will be small 
and no feeding habitat for shorebirds will be created. As 
is the case for the Watana development, the dipper will be 
affected by 1 ass of breeding habitat in the 1 ower reaches 
of feeder streams and loss of winter habitat (open water) 
in both feeder streams and the Susitna River itself. How
ever, open water in the reservoir may compensate for this 
1 ass. 

(xvii) Non-Game (small) Mammals 

(c) Access. 

The types of impacts on small mammals that will result from 
construction of Devil Canyon Dam will be similar to those 
already discussed for the Watana Dam {see Section 4o3(a), 
(xvii). The major impact will be loss of habitat due to 
clearing ~perations. The total area affected {approximate
ly 34 km ) and percent of forested 1 and affected (0. 7 
percent) are much smaller than in the Watana reservoir 
area. The impacts on small mammals are thus expected to be 
proportionately smaller. 

(i) Moose 

Construction and operation of the gravel the Watana access 
road from the Denali Highway to the Watana dam site and the 
later constructio.n and operation of the Devil Canyon access. 
road will have few direct impacts on moose populations in 
the Susitna basin. Possible impacts include a loss of 
habitat, alteration of habitat, disturbance and subsequent 
avoidance of the highway, interference with seasonal move
ments, and mortality. Moose wi 11 be affected to a much 
greater degree by the indirect effects of the access road, 
particularly hunting. Moose numbers would decline as a 
result of hunting mortality and avoidance of the corridor 
by moose. The railway from the Gal d Creek area will have. 
similar effects to those ment i a ned for the access roads, 
except that hunting mortality should be lower (as a result 
of poor vehicular access) and collision mortality during 
the winter may be higher. 

- Mortality 

The primary impact of the access roads wi 11 be the pro
vision of improved public access to previously remote 
areas in the Susitna basin. In turn, improved access 
will probably result in localized declines in moose as a 
result of hunting and avoidance of the highway corridor 
because of disturbance. Declines in moose along 
newly-opened roads or along roads in areas opened for 
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hunting have been reported for a number of northern areas 
{Goddard 1970; Cumming 1974; ·Ritchey 1974; Beak 1979). 
Although a good portion of these dec 1 i nes in moose were 
the result of hunting mortality, moose probably also 
avoid areas in the vicinity of access corridors during 
the hunting period. 

A dec 1 i ne in moose numbers during construction of the 
Watana access road can be expected as a result of hunt
ing. Effects would probably be most severe in the vicin
ity of campsites or the townsite. Public access to the 
Susitna basin will increase once the road is operational 
and further increases in hunting pressure will occur with 
resultant increases in hunting mortality of moose. 
Because the moose population will already be stressed by 
impacts associated with the Watana development and the 
subsequent redistribution of moose within the Susitna 
basin, disturbances associated with hunting and hunting 
mortality may further aggravate impacts to the moose 
population. Because the Watana development will reduce 
the carrying capacity of the Susitna basin for moose, it 
is possible that moose numbers will exceed those optimal 
for sustained productivity. Assuming that surplus moose 
may be present, carefully managed hunting may effectively 
mitigate for some indirect project effects. 

Construct ion and operation of the Watana-Devi 1 Canyon 
access road segment and. the railway wi 11 result in sim
i 1 ar but 1 ess severe impacts on moose. The De vi 1 Canyon 
segment will provide new access to a relatively smaller 
area, much of which is poorer quality moose habitat than 
in the Watana dam area. The railway will not provide as 
easy an access route to the general public as the road
ways, and its use can be better controlled. Hunting 
pressure consequently will not increase as in the case of 
the access roads. In addition, much of the area that 
will be affected by railway access supports relatively 
1 ow numbers of moose as compared to 1 ower reaches of the 
Susitna River. 

During the construction and operation of the access roads 
and railway, moose may be killed as a result of collis
ions with vehicles. However, low volumes of road traffic 
{fewer daily trips than now occurring on the Denali 
Highway) are expected along the Watana and Devi 1 Canyon 
access roads even during construction of the dams, and 
the numbers of kills will likely be small. Consequently, 
effects on the population will be negligible. 
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In contrast, collision mortalities along the railway 
could be substantial. An additional 8 train trips per 
week in each direction are expected during the construct
ion of the Devil Canyon dam. Rausch (1958) reported 
adjusted_ kill totals of 366 and 179 moose kills along a 
86.9 km section of the Alaska Railway (Houston to 
Ta 1 keetna) during the winters 1955-56 and 1956-57, re-
spectively. During the winters of 1970-1971 through 
1978-79, annual moose kills along the Willow-Talkeetna 
portion of the Alaska railway ranged from 0 to 151 ani
mals (Alaska Dept. Fish and Game, unpubl. data). 
Bee ause moose are eas i 1 y trapped in the steep snow 
embankments along railway lines and are usually more 
abundant in valley bottom habitats during winters with 
high snows, higher numbers of collision mortalities occur 
along rights-of-ways in low elevation areas during severe 
winters. Moose in the Devil Canyon-Talkeetna area are 
believed to winter in lower elevation habitats along the 
valley bottoms (Modafferi 1982). As a result, it is 
likely that the operation of a low elevation railway 
linking Devil Canyon to the Alaska railway will result in 
numbers of collision mortalities of moose that will vary 
in relation to snow depths and winter severity. 

- Loss of Habitat 

Construction of the Watana and Devi 1 Canyon access roads 
and the railway will result in loss of habitat associated 
with the construction corridor and borrow pits. Although 
the actual removal of moose browse wi 11 be small in rel a
t ion to its availability in other areas of the Susitna 
basin, the effective loss may be greater if moose avoid 
the access corridors or if migration routes are blocked. 
As discussed above, moose will tolerate disturbance along 
access corridors if they are not hunted. However, if 
hunting is permitted, moose may avoid an area of several 
kilometers from the corridor, consequently increasing the 
effective area of lost habitat. 

Based on existing information, no special use areas for 
moose such as wintering range, calving areas, or breeding 
concentrations wi 11 be rendered unusab 1 e by ·the road 
access corridors. However, because most special use 
areas will be inundated by the impoundments, these road 
corridors could affect the location of new special use 
areas. Anticipating such changes is obviously diffi
cult. 
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The problem of railway corridors in moose wintering areas 
and resulting collision mortalities has already been 
discussed. Because a low volume of train traffic is 
anticipated, it is unlikely that the railway will inter
fere with movements to or from wintering range or calving 
areas. 

- Alteration of Habitat 

Construction of the access road and railway wi 11 
necessitate the use of gravel berms which may impede or 
alter drainage systems {Boelter and Close 1974, Kemper et 
al. 1977). Permanent flooding of forested areas may 
result in the loss of some moose habitat through killing 
of trees and shrubs. However, growth of aquatic plants 
within flooded areas may partially compensate this loss 
by providing additional summer forage. Drainage of wet-
1 and areas may result in a temporary increase in the 
growth of seral shrub communities, but without periodic 
flooding or disturbance, these areas will eventually 
develop into forest stands with low browse production. 

- Interference with Seasonal Movements 

The proposed road access corridors wi 11 cross sever a 1 
areas where moose migrate seasonally between summer and 
winter ranges (Ballard et al. 1982a). Concentrations of 
movements by radio-collared moose that may be affected by 
the Watana road include the Watana-Butte Creeks area, and 
the Watana-Deadman Creeks area {Section 4.2 (a), (i}). 

During construction, mechanical activities may prevent 
some moose from crossing the road corridors, primarily as 
a result of moose avoiding the construction area. Avoid
ance of the road corridor would probably be most severe 
during the hunting season, if hunting is permitted. 
Steeply-sloped road berms and/or the creation of deep 
snow embankments from road-plowing may act as physical 
barriers to moose crossings. As discussed earlier, the 
railway may interfere with movements of moose during the 
winter and early spring periods when snow embankments may 
either block movements by moose or trap animals within 
the cleared right-of-way. 

Caribou 

The access road between the Denali Highway and the two 
dam sites is likely to have a substantial effect on caribou 
movements. Few caribou movements have been recorded in the 
area traversed by the De vi 1 Canyon to Watana Dam segment, 
and thus the northern segment between the two dams and Gold 
Creek should not pose a serious problem to caribou. The 
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segment between the Denali Highway and Watana Dam, however, 
traverses an historically-important area of the herd's 
range, which is currently used by a resident subherd of up 
to 2500 caribou and also by some caribou from the main 
herd. The road is most likely to affect the herd by 
increasing mortality from collisions with vehicles and from 
hunting, and by altering movements between the area west of 
the road and the remainder of the herd • s range. There may 
also be a slight increase in wolf predation in the area, 
since wolves often use roads to their advantage while hunt
ing caribou (e.g., Roby 1978). 

The most detailed information on the effects of roads and 
associated human activities (e.g., vehicle traffic, con
struction activity, presence of workers) on caribou comes 
primarily from four sources: (1) studies by the Alaska 
Department of Fish and Game (ADF&G) along the Trans-Alaska 
Pipeline (TAPS) corridor since 1974, and along the Kuparuk 
oi 1 field access road si nee 1978; (2) a two-year study by 
Fancy (in press) in a floodplain area used by large numbers 
of caribou moving to and from insect-relief areas; (3) data 
from a study by Roby (1978), who worked with ADF&G along 
the TAPS corridor; and {4) a two-year study conducted along 
the Kuparuk Oilfield access road by Curatolo et al. (1982). 
Alyeska Pipeline Service Company is also funding a three
year study along the TAPS corridor as a 11 Second opinion 11 to 
t~e ADF&G studies; however, no reports have been released 
after two years rif study. All of these studies involve the 
Central Arctic Herd on Alaska·~ North Slope. 

The results of these studies are somewhat contradictory, 
and as a result, caribou biologists disagree on the sever
ity of road effects on caribou. ADF&G studies (Cameron and 
Whitten 1979, 1980; Cameron et al. 1979) have concluded 
that caribou cows and calves avoid the Prudhoe Bay oi 1-
field, based on a lower percentage of calves in caribou 
groups observed from the roads in their study area as com
pared to aerial sightings over a larger area. However, the 
calf percentage may sometimes vary independently of human 
developments and activities (Fancy, in press), and differ
ent habitat preferences and the latitudinal segregation of 
bull and cow groups makes it difficult to interpret differ
ences in the calf percent age over a 1 arge study area. 
Along the Kuparuk oilfield access road (oriented E-W and 
thus not confused by latitudinal biases), calf percentages 
have not been found to differ from those expected in three 
years of study (Cameron et al. 1981). During an aerial 
calving survey along that road in 1980, no calves were seen 
within 4 km either side of the road, but this was not the 
case in 1978 and 1979. Few calves have been born within 
the Prudhoe Bay complex in recent years; however, equally 
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low numbers of neonatal calves are sighted between the 
Sagavanirktok and Shaviovik Rivers (east of the oi1field), 
where no roads or other developments occur. The Central 
Arctic Herd has been steadily increasing in size each year, 
and productivity has been "excellent.. (Cameron et al. 
1981), in spite of the localized effects on caribou distri
bution and group composition. 

Recent detailed studies involving continuous observations 
of caribou as they approach roads and pipelines have found 
that most caribou will cross roads with 1 i ght to moderate 
vehicle traffic, but that caribou wi 11 often first try to 
find a way around the obstacle (paralleling movements), and 
some groups (10-14% for the most detailed study) may refuse 
to cross at all (Fancy, in press). Preliminary results by 
Curato 1 o et a 1. (1982) have found that the proportion of 
groups that crossed the Kuparuk oilfield road and pipeline 
was significantly less than that expected (control). Many 
groups left their study area paralleling the road and pipe-
1 ine, and thus the proportion of groups that eventually 
crossed could not be determined. 

The responses of individual caribou to roads and traffic 
are extremely variable; some animals appear to avoid light
ly travelled roads entirely, whereas others wi 11 cross 
roads during rates of traffic exceeding one vehi c 1 e per 
m·inute with no observable response. In general, however, 
moving vehicles and/or the presence of workers will alter 
the local movements and behavior of caribou. Horejsi 
(1981) reported that 88% of the caribou he observed along 
the Dempster Highway reacted to a moving pickup truck by 
running or trotting away. A fleeing animal can expend 
eight to twenty times the cost of basal metabolism, at the 
expense of body growth, . development, and reproduction 
(Geist 1975). 

The greatest concern for disturbance effects on caribou is 
for cows in late pregnancy and cows with young calves. 
Female caribou are particularly sensitive to disturbances 
during thi calving period (Lent 1966, Bergerud 1974, Calef 
et al. 1976, Surrendi and DeBock 1976), and disturbances at 
this time are more likely to result in lowered recruitment 
because of premature travel by calves, disruption of cow/ 
calf bonds, or trampling (Lent 1966, Geist 1971, Bergerud 
1974, Surrendi and DeBock 1976). Some calving has been 
documented north of the Susitna River, but the road has 
been realigned ~o that it is to the west of the areas where 

·most calving has recently occurred. Cows calving in the 
area may avoid the road during the period of heavy use, but 
this should not affect herd productivity. 
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About 20-30 truck trips· per day are scheduled during the 
construction period for the Watana dam. The frequency of 
all traffic (scheduled and unscheduled) is not known, but 
several trips per hour are likely. If the road is opened 
to the public during or after construction,. even higher 
traffic rates are likely. Some caribou will cross the road 
regard 1 ess of high traffic frequencies, but the majority 
would probably cross only if lulls in traffic were provi
ded. Since the area west of the road is currently a peri
pheral part of the herd's range, failure of some animals to 
cross the road should not cause a major impact to the herd. 
If the herd management plan is revised to allow a large 
increase in the herd size, however, the importance of the 
area to the herd will greatly increase. It is thus impor
tant to design and operate the road so as to permit free 
crossings by caribou during the operation phase of the pro
ject. 

The physical presence of a raised gravel road,. in the ab
sence of vehicles and human activities, would not be an in
surmountable barrier to caribou movements (e.g., Surrendi 
and DeBock 1976). The exception to this is that plowed or 
blown snow along the road could,. in combination with the 
raised road surface, act as a physical barrier to caribou 
movements ( Surrend i and De Bock 1976). Caribou tend to 
select the lowest berms when crossing roads (Cameron and 
Whitten 1976; Surrendi and De Bock 1976; Roby 1978), and 
various studies have shown that caribou are wary of berms 
they cannot see over (e.g., Hanson 1981). It is thus 
important to keep berm heights as low as possible and to 
utilize an inobtrusive design which makes the road less 
conspicuous in areas of heavy caribou use. 

The Ne lchi na herd has been important to both sport and 
subsistence hunters because of its size and proximity to 
population centers. In 1981, 6,662 people applied for 
1,600 permits to hunt. for Nelchina caribou. The permit 
system currently in use will have to be continued if only 
the annual increment is to be harvested as stated in the 
herd management plan (ADF&G 1976). Public access provided 
by the Denali access road will have a greater effect on the 
distribution of hunting pressure than it will on the actual 
number of caribou harvested, si nee hunter success is cur
rently very high. The Susitna-Nenana subherd is resident 
in the access road area and, although the rate of exchange 
of individuals with the main herd is unknown, the presence 
of the Watana impoundment in conjunction with heavy hunting 
pressure will probably result in a substantial decrease in 
this subherd. 
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( i i i ) Dall Sheep 

The effect of vehicle traffic along the access road should 
be insignificant since sheep are not expected to occur 
close to the roads. MacArthur et al. (1982) found that 
only 19 of 215 documented passes (8.8%) of sheep by 
vehicles evoked heart rate responses, usually of low ampli· 
tude. Moreover, 73.7% of all heart rate responses occurred 
when veh i c 1 es passed within 25 m of the sheep. They re
ported that only 2 of the 215 vehicle- passes (0.9%) they 
recorded evoked wi thdrawa 1 responses by sheep. In Dena 1 i 
National Park, Tracy (1977) found that the strength of 
reactions and the percentage of sheep showing visible reac
tions to buses and visitors decreased with increa~ing dis
tances between the sheep and the road. She recorded no 
reactions by sheep at distances exceeding 750 rn from the 
road, whereas strong reactions were only recorded at dis
ta.nces less than 400 m. Dall sheep have continued to use 
lambing and wintering areas along the Dalton Highway 
(Hemming and Morehouse 1976; Fancy 1980), in spite of in
tensive pipeline construction and vehicle traffic along 
that road. 

If the project area is opened to the public following con
struction, there will likely be an increase in hunting 
pressure in locations adjacent to the access roads and the 
reservoir. The number of sheep harvested in the area is 
not expected to greatly increase, however, because all or 
most legal rams in the area are already being harvested 
each year. Serious population depletions resulting from 
the increased hunting pressure are thus not expected to 
occur. 

(iv) Brown Bears 

Both the Dena 1 i -Wat ana and Watana-Devi 1 Canyon access road 
segments traverse prime brown bear habitat. Potential im
pacts of the access roads on brown bears include inter
ference with movements, increased hunting mortality, a 
decrease in acceptable denning and feeding areas, and 
direct mortalities from collisions with vehicles. Direct 
mortality from hunting will probably have the greatest 
effect on the population in the long-term. 

Tracy (1977) reported on the reactions of brown bears to 
the Denali Park road. She found that the densities of 
bears in study plots away from the road were consistently 
greater than densities along the road, suggesting an avoid
ance of roads by bears even where no hunting occurs. Many 
bears have habituated to the road, however, and those seen 
near the road were frequently engaged in such activities as 
nursing, playing, and sleeping, whlch suggest security and 
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relaxation. The literature also includes a paper by 
Elgmork (1976), who reported that construction of a network 
of logging roads in Norway resulted in a lower density of 
brown bears, and a report by Miller and Ballard (1982) on 
the apparent short-term deflection of brown bear movements 
by the Glenn Highway in Alaska. 

The access road is likely to cause some alterations in the 
movements of brown bears, but there is little evidence to 
suggest that it wi 11 block bear movements altogether. How
ever, because brown bears in the upper basin are hunted, 
they are not 1 ike 1 y to feed on berries and other foods 
occurring adjacent to the road, and thus there wi 11 be a 
decrease in the availability of foods as a result of the 
road. It is also likely that brown bears will find the 
denning area used by three different bears in 1980 and 1981 
near the proposed road unacceptable once the road· is pre
sent. However, acceptable denning areas appear to be wide
ly available in the upper basin, and the loss of areas near 
the road would be serious only if bears already in their 
dens abandoned them during road construction. 

Although some brown bears are now harvested from the remote 
areas of the upper basin, most hunting occurs along or near 
the Denali Highway. The improved access resulting from the 
road and reservoir will probably cause a large increase in 
the number of brown bears killed by hunters in the basin. 

(v) Black Bears 

The access road will impact black bears primarily through 
improved access for hunters. Black bears do not usually 
occur· near the proposed road north· of the Deadman Lake 
area, and much of the Watana-Devi 1 Canyon segment is at 
elevations above acceptable black bear habitat. Road con
struction could cause abandonment of dens, particularly in 
the lower Deadman Creek area and near the Devi 1 Canyon dam
site. The probability of bear mortalities due to collis
ions with vehicles is low. 

(vi) Wolf 

The major effect of the access route on wolves will be an 
increase in the numbers of hunters, trappers and construc
tion workers ab 1 e to shoot wolves in the area. However, 
wolves may also be affected by disturbance from construc
tion activities and traffic, and small numbers may be 
killed by vehicles. The numbers killed by vehicles is 
likely to be greater if wolves become habituated to 
vehicles through being fed. Since wolves do habituate 
readily to traffic and noise under most circumstances, dis
turbance is unlikely to have major effects. However, 
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wolves appear to be more sensitive to disturbance during 
the denning season. Carbyn (1964) documented abandonment 
of two wolf dens near highways after the roads were up
,graded and traffic vo 1 umes increased. The proposed Susitn a 
access route passes through the home ranges of at least 
three wolf packs. Two den sites and one rendezvous site 
are known from the general vicinity of the access route. 
Additional sites most likely exist and should be identified 
before the access route is finalized. 

Impacts from increased access by hunters and trappers can
not be quantified but may be severe. As many as 8-10 
wolves per year have been taken in the immediate vicinity 
of the proposed impoundments since 1976-77 (Ballard et al. 
1982) in spite of the relative inaccessibility of the area 
at present. Increases in the number taken may be beyond 
the capability of the population to replacet or may reduce 
the abi 1 ity of this population to produce excess animals 
that presently disperse to areas even more heavily hunted. 

(vii)· Wolverine 

The direct loss of habitat due to the access road will have 
an insignificant effect on wolverine. Hornocker and Hash•s 
(1981) statement that 11 the size and shape of (wolverine 
home) ranges were not affected by rivers, reservoirs, high
ways or mountain ranges 11 suggests that the road and associ
a ted traffic wi 11 also have an i nsi gni fi cant effect on 
wolverine movements and availability of prey. It is not 
clear if wolverine will utilize carcasses of animals killed 
by collisions with vehicles, but this is a possibility, 
especially during peri ads of infrequent vehicle use. The 
potential for wolverines to be killed by vehicles is very 
low, considering the low densities of wolverine and their 
wariness. 

Increases in trapping pressure as a result of improved 
. access is more likely to affect wolverines than any other 
project-related activity. Wolverines are highly suscept
ible to trapping because they travel widely and are readily 
attracted to baits. Hornocker and Hash (1981) reported 
that all of the wolverines they captured were missing one 
or more toest and many had broken teeth; many of these 
mutilations were attributed to encounters with leg-hold 
traps. Van Zyll de Jong (1975) stated that "predation by 
humans appears to be the most likely factor to have affect
ed the number of wolverines. Direct evidence of negative 
effects of human exploitation on wolverine populations is 
not available, but indirect evidence from declining produc
tion of wolverine pelts and the disappearance of the spe
cies from areas with relatively dense human populations 
strongly suggests that exploitation by man contributed to 
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the decline. 11 Fifteen of the 18 known wolverine mortali
ties in Hornocker and Hash•s (1981) study were human 
caused. Increased trapping pressure in the Susitna basin 
will probably cause some instability in the social struc
ture of the population, thus causing noticeable shifts in 
home ranges. However, effects of trapping mortality would 
be offset somewhat by emigration of wolverine from the 
large parcels of wolverine habitat surrounding the basin 
into the affected areas. 

Wilderness or remote country where human activity is lim
ited appears essential to the maintenance of viable wolver
ine populations (Van Zyll de Jong 1975, Hornocker and Hash 
1981). However, Hornocker and Hash (1981) reported that 
they found 11 no differences in wolverine density between the 
wilderness and nonwilderness portions of our study area, 
nor was wolverine movement, habitat use, and behavior dif
ferent. Marked wolverines used both areas and several in
dividuals1 home areas overlapped both wilderness and non
wilderness. The nonwi lderness portion, about one-half of 
the study area, is used by humans primarily for logging and 
recreation. logging roads and foot trails provide access 
to river and stream bottoms and lower elevations during 
summer and fall months. Loggers, summer recreationists, 
and hunters make considerable use of those areas. 11

· They 
went on to say, however, that wolverines and humans were 
effectively separated because the wolverines were at higher 
e 1 ev at ions away from peop 1 e during summer and fa 11, and 
little use of the area by humans occurs during winter when 
wolverines move to the lower elevations. A similar situa
tion will exist in the upper Susitna basin; the most inten
sive human use of the area will occur in summer when wol
verines are using primarily tundra habitats. Winter use of 
the impoundment areas, except for trapping, should be con
siderably less than that during snow-free periods. 

(viii) Furbearers 

The construction of the two access roads and the railway 
will result in some habitat loss for terrestrial fur
bearers, and may result in habitat loss for aquatic fur
bearers if wetlands are degraded. Minor effects on the 
local distribution of some species may also occur along the 
road. For example, Hawley and Newby (1957) believed that 
habitat openings were a psychological barrier to marten. 
Although subsequent studies have found that marten regular-
1 y cross openings 100 to 200 m wide (Koehler et a 1. 1975, 
Soutiere 1978), the aceess route may result in a redistri
bution of home ranges such that they are aligned with the 
road. 
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Simi 1 arly, some foxes may avoid the road area but most will 
probably habituate to traffic. Tracy {1977) found several 
fox dens within 100 m of the road in Denali National Park 
and observed foxes traveling along the road while vehicles 
were using it. However, such habituation to human presence 
probably occurs only in the absence of trapping pressure. 

Access to the Watana site from the Denali Highway has the 
potential to negatively impact large numbers of beaver. 
Approximately 65 beaver occupy 18.4 km of upper Deadmen 
Creek, a relatively broad stretch along which the access 
route is proposed. Similar beaver densities may occur in 
adjacent areas designated as materia 1 sites. Use of the 
valley bottom for the road and material sites will nega
tively impact at least 40 beavers. 

Two opposing scenarios are reported in the 1 i terature on 
possible effects of road construction on beaver habitat. 
In one (Watson et al. 1973), diversion or impoundment of 
stream and subsurface water flows by road berms has a nega
tive effect on downstream beaver ponds and 1 akes through 
the introduction ·of heavy sediment loads and increased 
turbidity. These are the effects of bank i nstabi 1 i ty 
caused by the clearing of riparian vegetation associated 
with rights-of-way construct ion and maintenance. Heavy 
sediment loads result in the gradual filling of down-stream 
ponds and lakes; increased turbidity reduces light penetra
tion and inhibits growth of aquatic vegetation. 

Alternatively, ponding at culverts and bridges and restric
ted subsurface flows caused by road berms has often created 
attractive sites for beaver colonization. The use of bri
dges and culverts as dam sites by beaver is well documented 
(Bradt 1947, Hodgdon and Hunt 1953, Huey 1956, Longley and 
Moyle 1963, Rutherford 1964, Johnson and Gunson 1976). 
However, habitat improvement through the introduction of a 
road in beaver habitat along upper Deadman Creek is 
unlikely and a reduction in beaver numbers is expected 
there. 

Muskrat along the proposed access routes wi 11 be impacted 
through habitat loss and increased trapping mortality. 
Gipson et al. (1982) found sign of over-wintering muskrat 
in several of the lakes lying along the proposed route from 
Watana Dam to Devi 1 Canyon Dam. Many of these muskrat 
occur in conjunction with the high beaver densities noted 
along the proposed route from the Denali Highway to Watana 
Dam. 
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In addition to being very sensitive to water level changes 
which could occur due to draining or filling of ponds and 
lakes (Bellrose and Brown 194·1), or den (MacArthur 1978). 
The small foraging area of muskrat, usually within 10m of 
their house, makes them sensitive to loss of their pre
ferred foods of aquatic and emergent plants (Butler 1940). 

No substantial effects are anticipated on mink or otter 
populations with the possible exception of increased public 
access to streams that may be important to these species. 
Present information is insufficient to address these site
specific concerns but surveys during winter 1981 suggest 
that both mink and otter are primarily restricted to the 
mainstream of the Susitna River which is some distance from 
the access roads. The railway could potentially interfere 
with some areas of good mink and otter habitat. 

The major impact of the access routes on fur bearers is re
lated to the probable increase in trapping pressure. The 
Susitna Basin is not heavily trapped at present and, for 
some species, the area may be a source from which animals 
disperse into more heavily trapped adjacent areas. The 
species that wi 11 be most affected by increased trapping 
pressure are probably marten, beaver, muskrat, and red fox. 
Marten are the most economically important furbearer in the 
basin; beavers and foxes are also heavily exploited in 
adjacent areas. Mink and otter may be affected to a lesser 
extent since they do not appear to be particularly desir
able species in this part of Alaska (Gipson et al. 1982). 

(ix) Raptors and Ravens 

-Denali Highway to Watana Dam Site 

Some nesting habitat for ground-nesting raptors (e.g., 
merlins, northern harriers, short-eared owls) may occur 
a 1 ong the Dena 1 i -Watana section of the access road and 
may be lost; however, cliff-nesting habitat does not 
appear to occur within at least a few kilometers of the 
route, and only one tree-nest appears to be associated 
with it (Roseneau, pers. comm.). 

No golden eagles, gyrfalcon, goshawk, or raven nesting 
locations will be lost as a result of road construction 
between the Denali Highway and the Watana Camp Site -
Watana Dam Site. 
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One bald eagle nesting location (BE-6, see Table E.3.W76) 
in Deadman Creek will be physically destroyed by access 
road construction between the Denali Highway and the 
Watana dam site unless specific protective actions (e.g., 
realigning the access road westward) are taken. The 
active nest is located in a balsam poplar tree in a small 
stand of poplar and white spruce. The current road 
alignment passes directly through the stand of trees. 
This stand appears to be the best (and possibly only) 
potential bald eagle nest·ing habitat along Deadman 
Creek. 

- Watana Dam Site to Devil Canyon Dam Site 

. Habitat Loss 

Some nesting habit~t for ground-nesting raptors (e.g., 
merlins, northern harriers, short-eared owls) and tree
nesting raptors (e.g., merlins, goshawks, sharp-shinned 
hawks and owls) may occur along the ~~atana-Devil Canyon 
section of the access road and may be lost; however, no 
known cliff-nesting habitat will be lost . 

. Disturbance 

Two nesting locations, one golden eagle (GE-18) and one 
of raven (R-21) may be suscept i b 1 e to· disturbance from 
the Watana-Devi 1 Canyon section of the access road. 
Both are near the western end of the road, within about 
0.2 km of the centerline (see Table E.3.W76). Further
more, a bridge will be built across the river about 0.9 
km downstream of the golden eagle location; the activ
ity during construction may result in temporary aban
dondment of this site. 

-Devil Canyon Dam Site to Gold Creek 

. Habitat Loss 

Some nesting habitat for ground and tree-nesting rap
tors may occur a 1 ong the proposed rai 1 road access route 
from De vi 1 Canyon to Go 1 d Creek; however, no known 
nesting locations will be lost. No known cliff-nesting 
locations occur in this section of the access road . 

• Oi sturbance 

The proposed rai 1 road 1 ink between De vi 1 Canyon and 
Gold Creek will pass about 0.5 km southeast across the 
river from one bald eagle location (BE-8, see Table 
E.3.W76). Disturbance is likely to be minimal. 
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(x) Waterbirds and Other Birds 

Impacts of access roads on birds result from habitat 1 ass 
and alteration, disturbance from traffic and people associ~ 
ated with the project, direct mortality from both collis
ions with vehi~les and increased hunting pressure, and 
indirect effects on nesting success because of increased 
recreational use. The most significant of these impacts 
vary with species group (Table E.3.W79), but for most 
species, none will be as serious as the impacts resulting 
from the flooding of the impoundments. 

An estimated 1710 to 2607 pairs of breeding birds will be 
lost from the local population due to habitat loss from 
construction of the access road (Table E.3.W79). The 
access road wi 11 cause the 1 ass of more than 1% of the 
estimated upper Susitna population of only three species: 
spruce grouse, brown creeper, and northern waterthrush 
(Tab 1 e E. 3. W80) . 

Habitat alteration wi 11 inc 1 ude some opening of the canopy 
where the road passes through closed forest and shrubl and 
and, as pointed out in Section 4.3 (a), (xvl), this may 
result in a change in species composition of breeding 
birds. In at least one instance (Jeglum 1975), building of 
a road that blocked drainage through a portion of the 
boreal forest has been shown to improve habitat for some 
waterbirds. 

Effects of disturbances from road traffic will probably be 
minor for most species but there are few quantitative data 
to support this argument. In one of the few quantitative 
studies of disturbance to songbirds, Ferris (1979) reported 
no differences in breeding bird densities adjacent and 
distant from 4-1 ane and 2-1 ane highways in Maine. ·He did 
find a small difference in species composition which was 
ascribed to edge effects adjacent to the highway. 

Some species of low open habitats may be more affected. 
Van der Zan de et a 1. (1980) found that two and possibly 
three of the four shorebird species they studied nested at 
lower densities up to at least 1 km from both busy and 
relatively quiet roads. In some cases, nesting density was 
reduced by 60%. Quantitative studies of species nesting in 
open habitats in Alaska are not available, but similar 
effects could occur with ptarmigan, some shorebird species, 
and some passerine species. 
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Some birds will undoubtedly be killed by road traffic. 
Species such as spruce grouse wi 11 be attracted to the road 
as a source of gravel (Carbyn 1968), whereas scavengers, 
including ravens and possibly eagles, will be attracted by 
road killed wildlife. However, mortality from collisions 
will probably have a lesser effect on game birds than will 
increased hunting pressure. The Upper Susitna Basin is· 
relatively inaccessible at present and it is likely that 
little game bird hunting occurs there. When road access is 
provided, hunting will undoubtedly increase and will pro
bably be concentrated along the road. Weeden (1972) found 
that hunters killed a much larger proportion of ptarmigan 
within 800 m of the Steese Highway than further away. The 
same would likely be true for other game birds. 

Increased recreational use or human disturbance in wilder
ness areas in other parts of North America has been associ
ated with various behavioral effects, and in some cases in 
reduced nesting success. Loons and grebes appear to be 
particularly affected by boating activity. Nesting success 
in both groups has been shown to decrease with increasing 
presence of boats and canoes (Ream 1976, Euler 1978, 
Mcintyre 1978). Power boats may also destroy loon nests 
through wave action (Vermeer 1973). 

Recreational activities, particularly in open habitats, may 
result in nest destruction by predators after incubating 
adults are flushed. This has been documented for at least 
two duck species and the Canada goose (Hammond and Forward 
1956, Macinnes and Misra 1972). Presumably, simi 1 ar nest 
losses could occur in upland tundra species flushed from 
their nests by a 11-terrai n vehi c 1 es or other recreation a 1 
activities. · 

Non-Game ( sma 11) Mamma 1 s 

The proposed access roads to the Susitna Dams wi 11 traverse 
a wide variety of small mammal habitats, but will mostly be 
in tundra. Although all species of small mammals are ex
pected to be affected to some extent, only the species most 
affected (those living in tundra habitats) will be dis
cussed below. Impacts include increased mortality, impeded 
dispersal, presence of new habitats, and chan9es in drain
age patterns. 

In areas of moist tundra, the grave 1 berm that wi 11 canst i
tute the road bed will act as a barrier to dispersal of 
small mammals. Traffic on the road will cause increased 
mortality in' local populations. However, no serious 
changes in regional population sizes or structures are 
expected. 
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The well-drained gravel of the road bed will provide ideal 
burrow sites for arctic ground squirrels and singing voles. 
Hoary marmots may also use the coarser gravel section of 
the road bed for den sites. The well-drained vegetative 
communities created on the edges of the grave 1 berm may 
also be colonized by meadow voles and some species of 
shrews. 

Portions of the road will likely cause subtle changes in 
drainage patterns in lateral areas which in turn may result 
in alterations to vegetation. The types of vegetation that 
become established will depend on whether water levels in
crease or decrease as a result of the road. Species compo
sition of small mammals in these areas will shift accord
ingly, with brown lemmings, bog lemmings, and tundra voles 
preferring the wetter areas, and red-backed voles, singing 
voles, and shrews attracted to the well-drained areas. 

(d) Transmission Lines 

The construction and operation of the transmission lines associ
ated with the project will impact a wide variety of wildlife. The 
four segments of transmission lines-- Cook Inlet to Willow, Healy 
to Fairbanks, Willow to Healy (the Intertie), and Watana to the 
Intertie -- extend over 700 km, traversing habitats ranging from 
closed forests to tundra (see Table E.3.W29). Several types of 
impacts can· be expected, including habitat alterations, distur
bance during construction, direct impacts due to the presence of 
the transmission lines, and indirect impacts due to improved 
access. 

( i) Big Game 

-Cook Inlet to Willow 

The southernmost segment of the transmission corridor, 
from Cook Inlet to Willow, traverses mostly forest vege
tation types. The most common community types are closed 
and open mixed forest and c 1 osed birch forest. The big 
game species that are most likely to be affected by the 
c 1 eari ng of these forest types are moose and b 1 ack bears. 
Both of these species utilize browse in early to mid
successional stands, and would likely benefit from the 
vegetative communities present in the transmission corri
dor after clearing (Scatter 1970, Lindzey and Meslow 
1977). There is little data quantifying the effects of 
such clearings in terms of population productivity, but 
the general conclusion is that transmission line clearing 
should increase carrying capacity for moose and black 
bears (Sopuck et al. 1979). 
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The disturbances due to human act i viti es during construc
tion will be temporary effects. Most big game animals 
will relocate during the construction phase, but are 
expected to return once construction is camp 1 eted 
(Commonwealth et al. 1982). Serious impacts are expected 
only if clearing and construction occur near moose calv
ing grounds or bear denni ng sites. Disturbance of ani
mals at such sites could cause decreases in productivity. 
The increase in human activity in the area between 
Willow-Cook Inlet during the construction of the trans
mission line is unlikely to affect regional distribution 
of big game species. This area is already subject to 
high levels of human activity. The most abundant big 
game species-- moose and black bear-- are fairly toler
ant of human disturbance; those species easily disturbed 
(i.e., wolf, wolverine, brown bear) are already rare in 
the area. 

- Healy to Fairbanks 

The transmission line right-of-way in this area will 
traverse mostly open spruce forests, along with mixed low 
shrub, open mixed forest, and open deciduous forest. In 
all cases, community types that will be affected by 
clearing .operations are widespread and abundant in the 
area. 

Impacts are expected to be similar to those discussed in 
the Cook Inlet to Willow section (above). Most of the 
direct impacts will occur during the construction period, 
when disturbance will cause big game species to relocate. 
After construction, moose and bears are expected to bene
fit from the early successional communities along the 
corridor. 

-Willow to Healy 

The transmission corridor from Willow to Healy (the 
Intert i e) wi 11 have to be upgraded to accommodate the 
power from the Susitna project. Most of the intertie is 
located in forest types: bottomland lowland, and upland 
spruce-hardwood forests (Commonwealth et al. 1982). 

The additional clearing required wi 11 affect local popu
lations of moose, caribou, Dall sheep, brown bears, and 
black bears. Animals that relocate due to disturbance 
from construction activities can be expected to return. 

Most of the major impacts associated with transmission 
corridors (discussed in the proceeding sections) will 
already be effective due to the existence of the inter
tie. Thus, the modification required for the Susitna 
project a~e not expected to increase access, hunting, or 
long-term human disturbance levels. 

E-3-367 



- Watana Dam to the Intertie 

The transmission corridor from Watana Dam to the Intertie 
traverses mixed spruce-hardwood forests and brush commu

nities, paralleling the road and railroad access routes. 
Clearing required in forested areas will probably have a 
beneficial effect on black bear and moose. 

(ii) Furbearers 

Furbearers will be· impacted by construction of transmission 
lines due to habitat alteration and increased trapping 
pressure resulting from improved access. Denver (1976) 
found that most furbearers avoided cleared or disturbed 
areas. Although it has been shown that clear cut areas are 
not a barrier to travel by short-tailed weasel, least 
weasel, mink, marten, or other mustelids, cleared areas are 
usually not used for hunting (Soutiere 1978}. Forested 
areas o·ffer better sub-nivian hunting conditions because 
the bases of trees, logs, and windfalls provide numerous 
entry points (Koehler et al. 1975). 

Foxes and coyotes are sometimes attracted to c 1 eared areas 
as movement corridors (Penner 1976). Both foxes and 
coyotes may benefit from the removal of forest vegetation 
since they feed heavily on microtine rodents. · 

Transmission lines will increase access for trappers and 
could result in local population reductions of some fur
bearers, particularly in presently remote areas. Marten 
and beaver wi 11 probably suffer the greatest impact since 
they are currently the target of most trapper effort. 

The impact of trapping on coyote, red fox, and lynx wi 11 
probably be less severe since they are wider ranging than 
the smaller mustelids. Least weasels, short-tailed 
weasels, and mink have historically received little trap
ping pressure. 

(iii) Birds 

The construction and operation of the transmission corri
dors will affect birds mostly as a result of changes in 
vegetation height, disturbance during initial construction, 
and the electrocution or collision mortality of some birds 
from the wires. Since much of the transmission corridor 
passes through forest, selective clearing of trees may 
result in an increase in species diversity near the lines. 
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Only one known raptor nest occurs near the proposed trans
mission route, but this nest is of special concern because 
it was once occupied by the end angered peregrine fa 1 con. 
The nest occurs along the Tanana River on the east side of 
the corridor between Healy and Fairbanks. This nest was 
first discovered around 1967, but has not been used since 
the mi d-70 • s (Rosene au, pers. comm.). Whether or not it 
will be used again is unknown. If the nest is active dur
ing the construction of the line, the birds may abandon it 
as a result of the disturbance. If the nest remains 
inactive during line construction, however, it will most 
likely be acceptable for later use during the operational 
phase of the line. If necessary, the transmission line in 
this area could be constructed during a time period that 
would. reduce the l'ikelihood of disturbing nesting pere
grines. Furthermore, a Section 7 consultation, as required 
by the Endangered Species Act, wi 11 be conducted with the 
U.S. Fish and Wildlife Service to help insure that the 
peregrine nest is not impacted. 

Minimal disturbance of raptors and ravens in the study area 
is anticipated as a result of the winter construction of 
the high voltage transmission lines. Two gyrfalcon nesting 
locations (GYR-2 and GYR-3) are within 0.6 km of the trans
mission corri dar. Gyrf a 1 cons may be suscept i b 1 e to some 
impact as a result of disturbance from winter construction 
activities because adults are known to frequent eyries 
throughout the winter months (see Roseneau et al. 1981). 

Birds of prey and swans (Harrison 1963) are susceptible to 
electrocution as a result of perching on the structures. 
Electrocution is probably the greatest potential impact of 
the power lines on both raptors and ravens. Larger size is 
the greatest factor affecting species vulnerability to 
electrocution (Olendorff et al. 1981). Consequently, 
golden. and bald eagles are the most susceptible of the 
raptors inhabiting the area being considered. In addition, 
immature or subadult eagles are more susceptible to elec
trocution than adults. Buteos (e.g., red-tailed hawk and 
rough-legged hawk) are also vulnerable, but accipiters 
(e.g., goshawk and sharp-skinned hawks) and even the larger 
falcons (e.g., peregrines and gyrfalcons) are rarely 
electrocuted (Olendorff et al. 1981). 

Nan-G arne ( sma 11 ) Mamma 1 s 

The transmission lines for the Susitna project will 
traverse a wide variety of small mammal habitats. These 
transmission corridors will be selectively cleared of trees 
and tall shrubs. Because most small mammals are ecotone 
species, they are expected to benefit from the edge 
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effects created by the clearings. One example is the snow
shoe hare, which relies on dense black spruce forests for 
cover, but prefers more open areas for forage (Kessel et 
al. 1982). Overall, transmission corridors are not expec
ted to adversely impact small mammals. 

(e) Impact Summary 

This section summarizes those impacts on wildlife populations pre
dicted to be of sufficient magnitude to influence mitigation plan
ning. The emphasis is on impacts to wildlife population levels; 
both positive and negative impacts are discussed. 

Whether impacts to wildlife are judged to be positive or negative 
depends on the perspective of judgment. For example, increased 
access by hunters and trappers usually depresses population levels 
of big game species and furbearers. But at the same time, in
creased access has the potential to increase the long-term yield 
and value of this wildlife to consumptive users. 

Herein we address impacts only from the perspective of the wild
life populations per se. An increase in wildlife abundance or 
production is a pos1tive impact; a decrease in wildlife abundance 
or production is a negative impact. Project actions known or 
speculated to cause measurable changes in project area wildlife 
population or production levels are discussed, but those actions 
thought to cause negligible or no changes are not. 

( i) Big Game 

The big game populations expected to be affected by the 
Susitna project are moose, black bear, brown bear, wolf, 
wolverine, Dall sheep, and caribou. The main influence on 
these species will be through habitat loss by inundation, 
increased necessity for killing nuisance animals, increased 
access afforded to hunters, and/or possibly by blockage of 
migration routes by roads or reservoirs. 

The greatest impact on moose wi 11 probably be caused by 
loss of winter habitat inundated by impoundments. Poten
tially critical winter habitat for a substantial number of 
moose (approximately 260 in most years) will be inundated 
by Watana; a smaller amount of winter habitat (used by 
about 30 moose in most years) will be lost to the Devil 
Canyon reservoir. 

We judge the next most important effect on moose to be a 
decrease in populations caused by greater ease of hunter 
access. Changes in vegetation downstream of reservoirs may 
have a small population-level effect. Other actions are 
not thought likely to have important effects. 
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Major impacts on caribou are not predicted. Minor popula
tion changes caused by increased hunter access, blockage of 
the movements of some caribou by access roads and the 
Watana impoundment, and some mortality during crossings of 
the impoundment area at certain times of the year are 
possible. 

Dall sheep may abandon the Jay Creek lick area as a 
of frequent human disturbances or partial inundation 
1 ick. The population impact of this is uncertain. 
increases in marta 1 i ty caused by greater ease of 
access are not expected. 

result 
of the 

Large 
hunter 

Black bears and brown bears are most 1 ikely to suffer from 
increased hunter access, from nuisance animal control 
measures, from inundation of portions of habitat, and from 
reductions in salmon available at traditional feeding 
sites. Black bears in the area will loose a substantial 
portion of their forest habitat, including a 1 arge pro por
t ion of den sites in the Watana impoundment area. These 
losses are likely to cause a large reduction in the black 
bear population now occurring in the Watana vicinity. 
Brown bears wi 11 1 ose important early-spring feeding areas 
to inundation. Both black and brown bears may 1 ose some of 
their salmon food supply. Other impacts are not likely to 
cause significant population changes. 

Wolves typically suffer most from increased access by con
struction workers and hunters. Large population reductions 
by hunter harvest are expected. They are probably insensi
tive to most other changes. 

Wolverine populations may decline because of increased 
trapping pressures, but probably not for other teasons. 

( i i) Fur bearers 

All upland furbearer populations are expected to decline 
for two main reasons--inundation of portions of their habi
tats by impoundments, and increased trapping pressure 
caused by easier trapper access. Red foxes may addition
ally be removed as nuisance animals, but the proportion of 
the population in the Susitna Basin affected by such 
removal will probably be small. 

Impacts to aquatic furbearers are not clear. Populations 
of beaver. muskrat, and possibly mink and otters may 
increase downstream of the reservoir because of more stable 
water levels, higher winter flows, increased availability 
of favored food plants, and the lack of an ice-cover in 
winter. Impoundments will inundate streamside habitats of 
mink and otter and others in the upper basin, but whether 
substantial populations exist there now is uncertain, and 
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whether the Watana impoundment itself is inhabitable by 
these species is uncertain. The stable water level in the 
De vi 1 Canyon reserve i r during most of the year wi 11 prob
ably have beneficial effects on aquatic furbearer species. 
The impoundment areas presently support only a few muskrat 
and beaver. In the upper basin, these species will be most 
affected by removal of road materials from streams and 
increased trapper access. 

(iii) Birds 

The major impact to upland bird species will be inundation 
of habitat in the reservoir area. Changes in bird commun
ity composition wi 11 probab 1 y occur wherever vegetation 
community changes are expected (e.g., downstream riparian, 
construction and borrow sites, etc.) but these changes will 
be localized and/or relatively insignificant to bird den
sity and diversity. 

Inundation of stream habitats by impoundments will remove 
some nesting waterfowl (mergansers), and may cover winter 
habitat for dippers, but these impacts are considered 
minor. Moreover, downstream habitats may improve for some 
of these species (i.e., wintering dippers). 

(iv) Non-Game Mammals 

The major expected impact of the Susitna project on non
game mammals will be via habitat loss in the impoundment 
areas. Effects of other changes· on population levels in 
the project area will almost certainly be minimal. 
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4.4- Mitigation Plan 

(a) Big Game 

(i) Moose 

Direct impacts to moose resulting from the Susitna Hydro
electric Project will be, in order of decreasing severity, 
permanent loss of habitat, alteration of habitat, blockage 
of tradition a 1 migration routes, disturbance by machines 
and humans, and hazards associated with the Watana and 
Devi 1 Canyon drawdown zones. The major secondary impact of 
the project will be the provision of access to a previously 
remote area and, without agency regulation, a significant 
increase in hunting pressure with resultant increases in 
moose mortaility. 

Permanent loss or alteration of habitat suitable as browse, 
wintering range, calving areas, and breeding areas wi 11 
result from the Watana and Devi 1 Canyon impoundments. 
Habitat loss cannot be avoided, minimized, rectified, or 
reduced over time through management measures; yet such 
1 ass is certain to occur. Campen sat ion by habitat rep 1 ace
ment and enhancement, therefore, must receive highest pri
ority as a strategy to mitigate this impact. 

Computer-assisted simulation modeling is being used to help 
quantify the probable impact of habitat loss at the popula
tion level, and to help develop criteria for the selection 
of replacement 1 ands for habitat compensation and enchance
ment. Leading specialists in of Alaskan moose are partici
pating in this process, and the day-to-day management and 
refinement of the moose mode 1 is being conducted by the 
Alaska Department of Fish and Game ( ESSA/WELUT /LGL 1982). 
The modeling program is the focus for interagency coordina
tion to identify replacement lands and procedures for 
habitat enhancement. 

·The provision of winter and early spring browse is the pri
mary objective of replacement and enhancement planning, 
because impoundment will remove low-elevation areas with 
early-stage riparian vegetation accessible to moose in 
severe winters. These areas are used by moose with home 
ranges bordering the impoundment areas, and will no longer 
be accessible to moose seasonally migrating into the 
Susitna Basin from neighboring regions. 

Controlled burning, clearing of merchantable timber, and 
mechanical crushing of vegetation are techniques under con
siderati~n for moose habitat enhancement. These procedures 
have been examined on an experimental basis during recent 
studies at the Moose Research Center and Kenai Moose 
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Range near Soldotna, Alaska (Regelin et al. 1981; Schwartz 
et al. 1981). The Bureau of Land Management is prepared 
to conduct a controlled burn in the Alphabet Hills area 
immediately east of the Susitna project area. 

Criteria for replacement land selection have been estab
lished, and quantification of optimum areal dimensions 
relative to enhancement effectiveness is in progress. Cri
teria for selection of replacement lands are defined by 
vegetation cover type and age, complexity of terrain, and 
location. It is estimated that peak browse production for 
moose is reached 20 to 25 years after a fire (Wo 1 ff 1976; 
Wolff and Cezada 1979). Moderately complex terrain with 
extensive flatlands, riparian bottomlands, and gentle 
slopes of diverse aspect provide variation in species com
position and succession rate. Habitat enhancement measures 
conducted on· lands within or bordering the project area 
wi 11 have the greatest potential for mitigating· impacts to 
moose affected by project development. Lands which satisfy 
all of the these criteria to varying degrees are available 
in and around the project area. 

To utilize new successional areas, moose must maintain 
flexibility in their seasonal and regional movement pat
terns. Such movements across the Susitna River in the 
vicinity of the Watana impoundment or upper Devil Canyon 
Reservoir would be blocked or significantly impeded. The 
provision of alternative moose range on both sides of the 
Susitna River will help to compensate for blockage of seas
onal movements across the river. 

Construction- and operation-related activities will produce 
a significant potential for disturbance to moose, espec
ially where avoidance of prime range occurs. Mitigative 
features have been incorporated into engineering design and 
construction planning to avoid or minimize this impact 
potential. The access route has been selected and modified 
specifically to avoid important moose concentration areas 
along Deadman Creek, upper Watana Creek, Portage Creek, and 
the Indian River. The Fog Lakes area, Stephan Lake, and 
other moose habitat south of the Susitna River are entirely 
avoided. 

Facilities have been consolidated within two infrastruc
tures which will minimize the areal extent of disturbances 
associated with the Watana and Devil Canyon developments. 
Project policies and stipulations will further minimize 
human disturbances. An Environmental Briefings Program is 
planned to familiarize project personnel with environ
mentally sensitive features and wlldllfe of the project 

. areas, federal and state regulations, agency permit 
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stipulations, and specific project policies and restric
tions regarding protection of fish, wildlife, habitat, and 
cultural resources. Hunting of moose and other wildlife, 
possession of firearms on the project location, and delib
erate attraction or harassment of wildlife by project 
personnel will be prohibited. 

Public access into the project area during operation will 
provide increased hunting opportunity in a previously re
mote an~ a. The A 1 ask a Power Authority wi 11 assist the 
Alaska Department of Fish and Game in regulating access, 
restricting off-road or all-terrain vehicle use, and other 
measures to ensure that hunting pressure on moose is pro
perly controlled. Bag limits and permit systems are avail
able resource management options to moderate hunting 
pressure within the project area. 

Caribou 

The primary impact issue relating to caribou is potential 
blockage of migratory movements by the Denali Highway-to
Watana segment of the access road. A bermed road in low 
terrain could impede the free passage of caribou. The 
effectiveness of the berm as a physical and ~isual. barrier 
will increase with height and steepness of the side-slopes. 
With steeper slopes; cleared snow alongside the road may be 
sufficiently deep to inhibit the ability of caribou. to 
cross the road. 

The Denali Hi ghway-to .. Watana access route has been designed 
to avoid low areas and to follow the contours of the slopes 
to the west of the Brushkana, Seattle, and Deadman Creek 
drainages. This routing will minimize bermed road con-
struction. Where. berming is necessary to avoid sidehill 
cuts through permafrost, road profile elevations and side
slope grades wi 11 be reduced as much as load requirements 
w i 11 a. 11 ow. 

Da ll Sheep 

Restrictions on aircraft elevations and access will be en
forced during project construction to protect Da ll sheep 
lambing areas. In addition, all visits to the Jay Creek 
mineral lick will be prohibited. Use of the mineral lick 
will be monitored before and during inundation of the 
Watana impoundment area, to determine whether use patterns 
change. Measures to expose new portions of the mineral · 
lick will be implemented if necessary. 
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(iv) Brown and Black Bear 

Measures incorporated into avera 11 engineering design and 
construction planning will help to minimize disturbances to 
bears. The access route avoids the important Prairie Creek. 
brown bear concentration area and stays well to the west of 
brown and black bear habitat on lower Deadman Creek. 

To minimize attraction and scavenging, with resultant ad
verse contacts between people and bears, all putrescible 
kitchen wastes will be stored indoors in sealed containers, 
and incinerated on the same day they are produced. Camp 
incinerators will be properly sized and operated by trained 
personnel to ensure that all putrescible wastes are com
pletely burned to mineral ash. Incinerator capacities will 
be specified to accommodate peak camp occupancy. There 
will be no open burning of food wastes. Only inert, non
attractive materials will be deposited at solid waste dis
posa 1 sites. Camps wi 11 be surrounded with bear-resist ant 
fencing to minimize human-bear interactions. 

Mltigative measures to maintain moose productivity will 
partially compensate for loss of bear habitat, both by 
maintaining the availability of young moose as prey, and by 
increasing vegetation diversity, fishery enhancement mea
sures {Exhibit E, Section 2) will help to maintain salmon 
availability downstream from Portage Creek. 

( v) Wo 1 f 

Wolf dens and rendezvous sites will be seasonally protected 
from May through July to avoid disturbance to wolf pups 
during the first months of life. Moose habitat enhancement 
will help to compensate for loss of moose as prey. Hunting 
and trapping restrictions may be imposed by the Alaska 
Department of Fish and Game to protect wolves within the 
project vicinity and allow the formation of new home ranges 
and hunting patterns. 

(b) Furbearers 

Beaver and pine marten are the furbearer species judged to be of 
greatest importance for mitigation planning. These species are 
common in the project area and are sought by trappers. Beaver 
activity such as the damming of streams often b-enefits other 
aquatic furbearer species (e.g., river otter, mink, muskrat), and 
beavers are also known to enhance areas for moose by cutting down 
1 arge trees (often. increasing the growth of favored browse 
species). The beaver population downstream of De vi 1 Canyon is 
expected to benefit from the altered flow and temperature regime, 
but beavers along Deadman Creek and near the Dev i 1 Canyon con
struction site could be adversely affected. No beaver are known 
to occur in the Watana or Devil Canyon impoundment areas. 
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Habitat for approximately /26-100 marten wi 11 be lost when the 
Watana impoundment area is filled. An estimated 14 marten cur
rently occur in the Devil Canyon impoundment area. A few addi
tional marten will be affected by habitat loss to access roads and 
transmission corridors. Complete avoidance of impacts to marten 
can only be accomplished by selecting the no project alternative. 
Habitat loss to the transmission corridors and access roads will 
be minimized by (1) aligning the access road primarily through 
tundra and low shrub cover types; (2) selectively cutting trees 
and tall shrubs in the transmission corridors, as opposed to total 
clearing; (3) constructing the transmission lines in winter in 
order to minimize surface disturbances; and (4) keeping the cor
ridor along the access road to a minimum in forested areas. 

One of the i dent i fi ed impacts on marten and other furbearers is 
that of increased trapping mortality as a result of improved 
access. But note that marten are considered an important fur
bearer because of their economic value to trappers. The improved 
access may result in a greater sustained harvest of marten from 
the project area than now occurs, even though a smaller population 
would be supported by the area. Improved access can thus be 
viewed as either adverse or beneficial by various user groups. To 
insure that martens are not overharvested near the temporary and 
permanent worker facilities, the applicant will prohibit workers 
and their families from trapping or hunting while working in the 
project area. 

Impacts to beaver, river otter, and mink near the access road wi 11 
be avoided or minimized by (1) prohibiting gravel extraction from 
Deadman Creek; and (2) mi nimi zing the disturbance of riparian 
vegetation along this creek. 

The anticipated increase in aquatic furbearer populations down
stream of Devil Canyon will provide in-kind compensation for up
stream impacts. The beaver population will be monitored by the 
applicant to verify that beavers are positively affected by the 
project. The monitoring program will include the development and 
testing of a model that predicts changes in beaver populations 
over time as a result of different flow releases and water 
temperatures. 

Red foxes, wolves, coyotes, and possibly other furbearers may be 
adversely impacted if food is improperly stored and disposed of. 
These impacts will be avoided or minimized by (1) fencing the camp 
and dump; (2) incinerating garbage daily to prevent scavengers 
from being attracted to it; (3) strictly enforcing the animal 
feeding regulations, and educating workers about these regula
tions; and {4) establishing an animal control strategy, which will 
include one or two full-time biologists trained and equipped to 
deal with human/animal conflicts. 
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(c) Birds 

(i) Raptors and Raven 

The major impacts of the Susi tna project on raptors and 
ravens are anticipated to be (1) loss of nesting habitat to 
the impoundment, borrow sites, and other f aci 1 it i es adj a
cent to the dams, access routes, and transmission corri
dors; (2) disturbance and/or harassment resulting from air
craft passage, construction activities, vehicular traffic, 
and increased human presence; (3) electrocution and colli
sions of raptors with transmission lines. These impacts 
will be mitigated through a number of practices including 
(1) construction of artificial cliff and tree nesting loca
tions near the impoundment, realignment of roads and trans
mission corridors to avoid known nesting locations of 
eagles nd falcons; (2) limitations on ground activities 
near raptor nests during sensitive time periods, and estab
lishment of minimum flight ceilings for aircraft during the 
nesting season; and (3) use of transmission tower designs 
that minimize electrocutions and encourage nesting and 
perching by certain rapt or species. An active monitoring 
program wi 11 be undertaken to insure that these measures 
are successfully implemented. 

- Creating Artificial Cliff-Nesting Locations 

The concept of modifying or creating raptor nesting loca
tions on cliffs is a recent but feasible means of compen
sating for nesting habitat loss. One technique uses ex
plosives to remove overburden and rubble to expose bed
rock cliffs; small shaped explosive charges are then used 
to build a nesting ledge. Another possibility is to 
create an artificial cliff using cinder block, concrete, 
fiberglass and metal, or other materials (such cliffs 
have been constructed for rock-climbing schoo 1 s). These 
artificial cliffs could be placed in areas where suitable 
rock for nesting could not be exposed; one or two nesting 
ledges could even be located on the downstream face of 
the Watana or Devil Canyon dam. 

The applicant will initiate a program to mitigate for 
losses of cliff-nesting eagles and falcons beg·inning in 
1983. Accurate elevations (present elevations are accur
ate only to within 15m) will be obtained for nests with
in the impoundment zone and borrow sites to determine the 
number of nests to be lost. A survey of the upper basin 
by a recognized raptor biologist will be made to identify 
potential sites for cliff modifications. Because some 
raptors will successfully defend several alternate nest 
sites within an area, the newly-created nest sites must 
be widely-spaced along the impoundment. 
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Several artificial cliffs may be needed in the Watana 
Reservoir area, where potential new nesting locations 
appear to be limited. 

Because all of the borrow areas may not be used, and 
because some nests may be destroyed by slope instability 
after filling, the exact number of raptor nests lost can
not yet be determined. The applicant will establish a 
program to (1) identify the impacts of the project during 
the construction, filling, and operation phases; (2) 
modify or create new nesting locations to compensate for 
these losses; and {3) monitor the success of these miti
gative measures. The number of new successful nesting 
sites created wi 11 match or exceed the number of sites 
lost to the project. 

-Creating Artificial Tree-Nesting Locations 

It is possible to mitigate for the loss to the project of 
approximately 4 bald eagle nests by constructing artifi
cial nests. Bald eagles have shown little reluctance to 
use nests reconstructed after having been down (e.g., 
Olendorff et al. 1980). Natural-appearing nests could be 
constructed in appropriate trees (especially large balsam 
poplar) downstream of the dam site or along tributaries 
such as Portage Creek (presently unused by bald eagles). 
The nests that will be inundated can be reconstructed in 
other areas. Another technique is to remove the top and 
upper limbs of large balsam poplar and white spruce trees 
to make them more attractive to bald eagles. A combina
tion of these techniques will be used in conjunction with 
a monitoring program to replace the losses of bald eagle 
nests resulting from the project. 

Successful attempts to pro vi de nests for tree-nesting 
goshawks, American kestrels, red-tailed hawks and great 
gray owls have been made (e.g., Olendorff et al. 1980). 
Nesting habitat for goshawks can be improved both by 
establishing artificial nests and by increasing the edge 
effect in large forest stands {D. Weir, pers. comm.; D. 
Roseneau, unpubl. data). Great horned and great gray 
owls commonly use abandoned goshawk nests in Alaska 
(Roseneau and Bente 1981), and would therefore also 
benefit from increased edge. 

Tree-nesting species will also use artificial nesting 
platforms constructed on transmission towers (Table 
E.3.W81). Selective clearing of the transmission corri
dors will serve to create the edg~ preferred by goshawks, 
and thus the transmission 1 i nes may compensate in part 
for losses of some raptors to other project facilities. 
The applicant will install 20 wooden platforms on the 
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transmission towers, and will monitor their success. 
Twenty nest boxes for cavity-nesting kestrels and boreal 
owls will also be built and monitored. Cavities will be 
created in the tops of sever a 1 mature birch or spruce 
trees in an attempt to attract hawk owls, boreal owls, 
American kestrels, and other cavity-nesting birds. 

- Seasonal Restrictions 

Impacts to certain raptor nesting locations will be 
avoided or minimized by limiting ground and air activi
ties during sensitive periods. Raptor nests will be 
assumed to be occupied unt i 1 1 June each year. After 
that date, protection measures for a specific nest site 
wi 11 be withdrawn for the remainder of the year if the 
nest is documented to be inactive. For the purposes of 
this discussion, minor ground activity includes short
term reconnaissance and exploration-type programs such as 
field inventories. Major ground activity involves large 
numbers of personnel, equipment, surf ace disturbance, 
noise, or vehicular activity, such as clearing, pad 
construction, blasting, and facility construction. 

Golden Eagle- Sensitive time period is from 15 April 
to 31 August. No facility siting or major ground acti
vity within 0.5 miles during this period. No minor 
ground activity within 0.25 mi. Aircraft should remain 
at least 1000 vertical feet or 0.5 horizontal miles 
away. 

Bald Eagle - Sensitive time period is from 15 March to 
15 August. No facility siting within 0.5 mi; 0.25 mi 
for major ground activity, 0.13 mi for minor activity. 
Aircraft should remain 1000 vertical feet or 0.25 
horizontal mi away . 

. Gyrfalcon - Sensitive period is from 15 February to 15 
August. Restrictions are the same as for bald eagles. 

- Electrocution 

Considerable efforts have been made in the past decade to 
minimize electrocutions of large raptors along trans
mission lines (see Olendorff et al. 1981). Golden and 
bald eagles typically represent 70-90% of electrocution 
mortalities in some areas (Ansel and Smith 1980, Benson 
1981). The applicant will avoid or minimize electrocu
tion impacts on eagles through the use of appropriate 
tower configurations, and the use of supplemental wire 
guards and perches on the towers. The transmission lines 
will be constructed during winter to avoid disturbance of 
nesting raptors. 
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(ii) Waterbirds 

Major impacts of the project on waterbirds are not expected 
(see Section 4.3(c), (xv)), and thus little mitigation is 
required. Many of the waterbird species occurring in the 
project area wi 11 benefit from the reservoirs and winter 
open water areas, but minor impacts resulting from distur
bance and loss of tree-cavities for certain cavity-nesting 
species wi 11 occur. Of particular concern are impacts of 
disturbance on trumpeter swans. 

The applicant will avoid or minimize the effects of distur
bance on trumpeter swans by limiting ground and air activi
ties near those waterbodies used by swans during the 
nesting season and other times when swans are present. 
Nest boxes will be built for cavity-nesting waterbirds in 
an attempt to encourage those species to nest near 1 akes 
and tributaries outside of the impoundment area. 

(iii) Other Birds 

Although large numerical losses of breeding birds will 
result from inundation and various project facilities, all 
of the species affected are common outside of the affected 
areas. Bee a use these birds are .judged to have 1 ower 
importance to most people (in comparison to big game 
species, furbearers, and raptors), specific compensation 
measures are not p 1 an ned. Breeding birds have been taken 
into account, however, in the design of the project. For 
example, the access road has been aligned primarily in 
tundra and low shrub vegetation types, which support 
relatively low numbers and diversities of breeding birds. 

(d) Sma 11 ( non-g arne) Mamma 1 s 

Because of the assumed low priority of this wildlife group, no 
compensation is proposed to offset the loss of habitat resulting 
from the project. Small mammals are most abundant and diverse in 
forest stands; this factor was used in the decision to align the 
access road primarily in tundra and low-shrub vegetation types. 
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AVOIDANCE 

MINIMlZAT ION 

RECTIFICATION 

REST RIC TIDN 

C!J.IPENSA TIDN 
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TABLE E.3.1: MITIGATION OPTIONS ANALYSIS STRUCTURE RECOMMENDED BY SUSITNA HYDROELECTRIC PROJECT, 
ALASKA DEPARTMENT OF FISH AND GAME (ADF&G) AND THE U.S. FISH AND WILDLIFE SERVICE 
(USFWS). DESIRABILITY OF OPTIONS DECREASES"'-f"RDM TOP TO BOTTOM. EXPLANATIONS DR 
EXAMPLES OF EACH OPTION AS DESCRIBED BY AGENCIES ARE SHOWN. 

ALASKA DEPARTMENr OF FISH AND GAME 

Avoid Impact by Not Taking a Certain Action 

- Keep as much existing ·natural habitat as possible. 
- Maintain fish and game populations and critical 

habit at. 

Minimize Impacts by Limiting Magnitude of Action 

- Maintain habitat diversity and the capacity of each 
system to restore itself naturally. 

Rectify Imeacts by Rehabilitating Environment 

- Repair, rehabilitate or restore abused aquatic or 
terrestrial systems. 

DEFINITION 

- Restore the same functions or structure of habitats 
(unless concomitant restoration of animnis using that 
habitat is impossible). 

Reduce (or Eliminate) Impact Over Time by Maintenance 

- Operate and maintain mitigation measures to reduce 
impacts over time. 

Compensate for Impact by Substitute Resources 

- Create or restore fish, wildlife and habitat values, 
and resource use opportunities that were unavoidably 
lost. 

- Compensation by providing substitute resources or 
environments is least desirable; the preferred mode 
is on-site mitigation. 

U.S. FISH & WILDLIFE SERVICE 

Modify Project Design to Avoid 

- No-project alternative is one mode. 
-Design modifications in action type, magnitude, timing 

and locations are options. · 

Modify Projec't Deign to Minimize Impacts 

- Design modifications in action type, magnitude, timing 
and location are options. 

Restore Damaged Environments 

-Reclaim disturbed sites by seeding, etc. 
- Res tack lost fish and wildlife. 

Maintain Mitigation Effort to Reduce Impact 

- Monitor/repair mitigation) features. 
- Train mitigation personnel. 

Replace Lost Volumes by Management or Replacement 

- Intensify production by management. 
- Initiate hatcheries; restocking programs. 
- Lease or buy new lands for enhanced management. 



TABLE E.3.2: COMMJN AND SCIENTIFIC NAr-ES OF FISH SPECIES APPEARING IN THE TEXT 

SCIENTIFIC NM£ 

Petromyzontidae 
Lampetra japonica 

Salmonidae 
Coregonus laurettae 
Coregonus pidschian 
Oncorhynchus gorbuscha 
Oncorhynchus keta 
Oncorhynchus kisutch 
Oncorhynchus nerka 
Oncorhynchus tshawytscha 
Prosopium cylindraceum 
S alma gairdner i 
Salvelinus malma 
Salve 1 inus namaycush 
ThymaUus arcticus 

Osmeridae 
Thaleichthys pacificus 

Esocidae 
Esox lucius 

Catostamidae 
Catostomus catostomus 

Gadidae 
Lata lata 

Gasterosteidae 
Gasterosteus aculeatus 

Cott idae 
Cottus .sp. 

COMMJN NAt-£ 

Arctic Lamprey 

Bering Cisco 
Humpback Whitefish 
Pink Salmon 
Chum Salmon 
Coho Salmon 
Sockeye Salmon 
Chinook Salmon 
Round Whitefish 
Rainbow Trout 
Dolly Varden 
Lake Trout 
Arctic Grayling 

Eul achon 

Northern Pike 

Longnose Sucker 

Burbot 

Threespine St ickl ~back 

Sculpin 

li'l'!'<lr 

-

-
-

-

-



Year 

1960 
1961 
1962 

'1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 

1979-1981; 

-~ l 

TABLE E. 3.3: C[J.1MERCIAL CATCH £F UPPER COOK INLET SALMON IN NLMBERS 
Of FISH BY SPECIES, 1960-1981, ADULT ANADR(J40US 
INVESTIGATIONS, SU HYDRO STUDIES, 1982 

Chinook Sockeye Coho Pink ChlDU 

271512 9231314 3111461 114111605 6591597 
19.737 11162,303 1171778 34,017 349,628 
201210 111471573 3501324 217111689 970,582 
171536 9421980 1971140 301436 3871027 

4,531 9701055 4521654 312311961 11079,084 
9,741 1,412,350 1531619 231963 3161444 
91541 118511990 2891690 2,0061580 5311825 
71859 113801062 1771129 321229 2961837 
4,536 11104,904 4701450 2,278,197 11119,114 

12,398 692,254 1001952' 331422 269.855 
81348 7311214 275,296 8131895 775,167 

19.765 6361303 1001636 35,624 3271029 
161086 879,824 801933 628,580 6301148 

5,194 6701025 104,420 326,184 6671573 
61596 4971185 2001125 4831730 3961840 
4,790 684,818 2271372 3361359 9511796 

101867 11664.150 2081110 112561744 469,807 
14.972 21054,020 192,975 5541184 112331733 
171308 2,622,487 219,234 116871092 5711925 
131713 9201780 2591956 74,318 6541462 
12,497 1,584,392 2831623 118711058 3871078 
11,548 114431294 494,294 1271857 8421849 

Preliminary data. 

SOURCE: ADF&G 1982a 

l 

Total 

313331889 
1,.6831463 
512001378 
11575,119 . 
5, 738,285 
119161117 
4,6891626 
118941716 
4,9771201 
11108,881 
2,6031920 
11119.357 
21235,571 
117731396 
11584,476 
2,205,135 
316101278 
4.049,704 
5,118,041 
119231229 
4,138,648 
2,919.621 
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TABLE E. 3.4: PETERSON POPULATION ESliMATES AND CORRESPONDINGLY 95~~ CONFIDENCE INTERVALS OF CHINOOK, 
SOCKEYE, COHO, CHUM AND PINK SALMON MIGRATING TO SUNSHINE, TALKEETNA AND CURRY STATIONS, 
1981 - 1982 

Chinook Sockeye Coho Chum Pink 
Station 1981 1982 1981 1982 1981 1982 1981 1982 1981 1982 

Sunshine Station 

Talkeetna Stat ion 

Cuny Station 

No. 

Confidence 

Interval 

No. 

Confidence 

Interval 

No. 

Confidence 

Interval 

49,400 

44,800 

55,000 

1 o, 200 

8,500 

. 12,800 

1"l, 200 

8,500 

16,500 

1.33, 000 

120,000 

1.50, 000 

4,800 

4,300 

5,400 

2,800 

2,600 

3,100 

152,000 

139,000 

167,000 

3,100 

2,800 

3,500 

1, .300 

1,100 

1,500 

19,800 

18,000 

22,000 

3,300 

2,800 

6,200 

1, 100 

700 

2,500 

Chinook migrations were underwayu prior to installation of sonar equipment and 
should only be considered as abundance indices during the period the equipment 
was operational. 

Source: ADF&G 1981a, Trent 1982 

I I ] l ,I J _) ) .t 

45,800 

42,000 

50,400 

-28,t!mT 

SIIJ-'0 

18,400 

22,800 

2,510 

1,810 

4,000 

.J 

263,000 431,000 

235,000 . 408,000 

298,000 456,000 

13,100 

·11 ,BOO 

14,600 

29,500 

26,800 

32,800 

11 
ill 

49,500 

46,400 

53,100 

2,300 

1 '900 

2,943 

1,000 

700 

2, 100 

.J 

444,000 

408,000 

487,000 

n, 1oo 

70,500 

75,800 

59,000 

4 3, 700 

65,400 

J J 
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TABLE [.3.5: CHINOOK SALMON EXCAPEMENT COUNTS OF SUSITNA RIVER BASIN STREArliS FROM 1976 TO 
1982, ADULT ANADROMDUS INVESTIGATIONS, SU HYDRO STUDIES, 1982. 

ear 

STREAH 1979 1977 1978 1979 1980 1981 1982 

Alexander Creek 5,412 9,246 5,854 6,215 a/ a/ 2,546 
Deshka River 21,693 39,642 24,639 27,385 a/ a/ a/ 
Will ow Creek 1,660 1,065 1,661 1,086 a/ 1 ,3!7 592d/ 
Little Willow Creek 833 598 436 324_s/ :-a; 459 3161/ 

· Kashwitna River 
(North Fork) 203 336 362 457 a/ 557 156d/ 

Sheep Creek 455 630 1,209 778 a; 1,013 527d/ 
Goose Creek 160 133 283 b/ a; 262 \ 140d/ 
Montana Creek 1,445 1,443 881 1,0'9"4£/ a/ 814 B87:Q/ 
Lane Creek b/ b/ b/ b/ Ii/ 40 47 
Indian River 5!7 393 1T4 2B"5 a; 422 1,053 
Portage Creek 702 374 14CJ 190 a/ 659 1,111 • 
Prairie Creek 6,513 5,790 5,154 a/ a/ 1,900 3,844 •. 
Clear Creek 1,237 769 997 8o4£/ ~ ~/ 982 ' Chulitna River 

(East Fork) 112 168 59 a/ a/ a/ 119d/ 
Chulitna River (MF) 1,870 1,782 900 ·a; a/ a/ 644~/ 
Chulitna River 124 229 62 a; a/ a; 100d/ 
Honolulu Creek 24 36 13 J7 a/ a; 27d/ 
Byers Creek · 53 69 a/ 28 a/ a; 7d/ 
Troublesome Creek 92 95 a/ a/ a/ a/ 36~/ 
Bunco Creek 112 136 a/ 5"8 a/ a/ 198 
Peters Creek 2,280 4,102 1,335 a/ a; a/ a/ 
Lake Creek 3,735 7,391 8,931 4,196 a; a/ 3,5/7 
Talachulitna River 1,319 1,856 1,375 1,648 a/ 2,129 3,101 
Canyon Creek 44 135 b/ b/ Ii/ 84 b/ 
Quartz Creek b/ 8 Ii/ fi! Ii/ 8 Ii/ 
Red Creek Ii/ 1,511 31r5 ~/ ~/ 749 ~/ 

1/ 1976-1980 counts - Kubik, S.W. 
a/ No total count due to high turbid water 
Ii/ Not.counted 
c! Poor counting conditions 
~/ Counts conducted after peak spawning 

Source: I rent 1982 



-· T A.BLE E. 3. 6: 1982 CHINOOK SALMON ESCAPEMENT SURVEYS OF SUSITNA RIVER BASIN STREAMS, 
ADULT ANADROt(}US INVESTIGATIONS, SU HYDRO STUDIES, 1982 

.. ~ 
Survey ChinooK Salmon Counted 

Stream Su rvexed Date Metfioa Conaitions Live De a a Total 

Alexander Creek 7/31 Hel. Good 1,687 0 1,687 ~~ 

(Mouth to Lake) 

Wolverine Creek 7/28 . He 1. Good 537 0 537 -(Alexander Creek drainage) 

Sucker Creek 7/28 Hel. Good 322 0 322 
(Alexander Creek drainage) ~ 

Bunco Creek 8/7 Hel. Fair 168 30 198 -Byers Creek '8/12 Hel. Excellent 7 0 7 ' 

Chase Creek 8/11 Foot Good 8 7 15 
~ 

Cheechako Creek 8/6 Hel. Good 16 0 16 
(Devil Canyon) -· Chinook Creek 8/6 Hel Good 5 0 5 
(Devil Canyon) -Chulitna River 8/12 Hel. Excellent 49 51 100 

Chulitna River 8/12 Hel. Excellent 57 52 119 
(East Fork) 

~· 

Chulitna River 8/12 Hel. Excellent 385 259 644 
(Middle Fork) ~ 

Clear Creek 7/21 Hel'. Fair 978 4 982 

Deshka River1/ 8/5-9 Hel. Fair2/ 10,471 200 10,671 

Gold Creek 8/3 Hel. Good 122 20 142 -· Goose Creek 8/7 Hel. Goad 98 42 140 

Honolulu Creek 8!12 . Hel. Excellent 11 16 27 -
Indian River 7/21 Hel. Good 1,049 4 1,053 

Jack Long Creek 8/4 Foot Excellent 2 0 2 -· 
4th of July Creek 7/29 Foot Good 55 1 56 -Kashwitna River 8/10 Hel. Excellent 128 28 156 

(North Fork) 

-
SOURCE: TREf-H 1982 -· 



TABLE E.3.6 (Cont'd) 

Surve~ Chinook Salmon Counted 
Stream Surveyed Date Metf1o Conditions Live Dead Total 

Lake Creek 8/2 Hel. Good 2,267 50 2,317 

Camp Creek 8/2 Hel. Excellent· 517 0 517 
r- (Lake Creek drainage) 

Sunflower Creek 8/2 Hel. Excellent 743 0 743 - (Lake Creek drainage) 

Lane Creek 7!12 Foot Excellent 47 0 47 
.~ 7/28 Foot Excellent 40 1 41 

Little Will ow Creek 8/7 Hel. Good 190 126 316 

Montana Creek 8/5 Foot Good 829 58 887 

Portage Creek 7/21 Hel. Excellent 955 0 955 
,.... 8/8 Hel. Excellent 1,081 30 1,111 

Prai re Creek 7/31 Hel. Excellent 3,782 62 3,844 
,_... 

Sheep Creek 8/7 Hel. Good 316 211 527 

Spink Creek 8/7 Hel. Excellent 12 0 12 -
Troublesome Creek 8/12 Hel. Excellent 34 2 36 

Talachulitna River 8/1 Hel. Excellent· 3,101 0 3,101 
Wi 11 ow Creek 8/6 Foot Fair 506 86 592 

- Deception Creek 8/6 Foot Fair 212 17 229 
(Willow Creek Drainage) 

;·-
1/ Partial count; 

- surveyable. 
Mainstem Deshka from Trapper Creek to Forks; Trapper Creek not 

2./ Survey conditions on Deshka River and tributaries ranged from good to poor. 

SOURCE: TRENT 1982 



TABLE E.3.7: APPORTIONED SONAR COUNTS BY SPECIES AND SAMPLING LOCATION 1981 - 1982 

River Chinook Socke~e Coho Chum Pink 
Station Mile l9!n 19SZ 1991 1982 1981 1992 P.nn HS2 l9il1 19ilz 

Sunshine Stat. ion 26 900 340,000 124,000 33,500 33,100 46,500 29,200 113,000 493,000 

Yentna Station 04 1,200 139,000 114,000 17 ,ooo 34,100 19,800 27,800 36,100 447,000 

Sunshine Station 80 2,900 89,900 75,900 22,800 42,400 59,600 178,000 72,900 352,000 

Talkeetna Station 103 2,900 3,500 3, 300 3,500 7,200 10,000 28,800 2,500 85,400 

Source: ADF&G 1981a, Trent 1982 
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TABLE E. 3. 8: . COHO SALMON . .lJVENILES, PERCENT INCIDENCE AT Hll.BITAT 
LOCATION SITES ON THE MAINSTEM SUSITNA RIVER AND ITS 
TRIBUTARY MOUTHS BETWEEN COOK INLET AND DEVIL CANYON, 
NOVEMBER 1980 TO MAY, 1981 

Percent Incidence 
Nov. Dec. Jan. Feb. Mar. ~-

Cook Inlet o.ob to Talkeetna 83.3 o.oa 42.9 60.0 63.6 

Tributary 
Mouth Sites 100.0 0.0 66.7 66.7 66.7 0.0 

Mainstem and 
Slough Sites 50.0 0.0 25.0 50.0 50.0 0.0 

Talkeetna to 
Devil Canyon 0.0 42.9 50.0 42.9 

Tributary 
Mouth Sites 0.0 0.0 25.0 0.0 

Mainstem and 
Slough Sites 0.0 75.0 66.7 50.0 

Ma_y · 

57.7 

83.3 

50.0 

a Extreme cold (-25° to -40°F) hampered sampling efforts during December, 1980. 

b Hazardous ice ~onditions prior to spring breakup limited sampling efforts to 
three habitat location sites in April. 1981. 

SOURCE: ADF&G l98lf 



TABLE E.3.9: COHO SALMON JUVENILES, PERCENT INCIDENCE AT HABITAT 
LOCATION SITES ON THE MAINSTEM SUSITNA RIVER AND ITS 
TRIBUTARY MOUTHS BETWEEN COOK INLET AND TALKEETNA, 
JUNE TO SEPTEt-tiER, 1981 

SOURCE: ADF&G 1981f 
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Date 

5/16 
5/16 

5/17 
5/17 

5/19 
5/19 

5/20 
5/20 

5/22 
5/22 

5/23 
5/23 

5/26 
5/26 

5/28 
5/28 

5/30 
5/30 

6/2 
6/2 

6/5 
6/5 

6/7 
6!7 

6/9 
f'./Q 

1; High Tide 
2; Military Time 

Source: Trent 1982 
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TABLE E. 3. 10: EUCHAL.ON SET NET CATCHES IN SUSITNA RIVER ESTUARY, 
AD~l.T ANADROMJUS INVESTIGATIONS,_SU HYDRO STUDIES, 1;182 

Tide 1; Location 

Ht. Time2/ Sjte No. 3; RM4/ In 

22.6 1214 1 4.0 1320 
22.6 1214 2 4,5 1200 

23.0 1333 1 4.0 1248 
23.0 1333 2 4.5 1348 

27.8 0344 1 4,0 025 7 
27,8 0344 2 4.5 0359 

28.0 1642 1 4.0 1557 
28.0 1642 2 4.5 1704 

31.5 0532 1 4.0 0447 
31.5 0532 2 4.5 0546 

30.8 1906 1 4.0 1821 
30.8 1906 2 4.5 1921 

32,0 0825 1 4.0 0740 
32.0 0825 2 4,5 0840 

28.7 1014 1 4.0 0929 
28.7 1014 2 4,5 1029 

25.4 1245 1 4.0 1200 
25,4 1245 2 4.5 1300 

28.6 0344 1 4.0 0259 
28.6 . 0344 2 4.5 0359 

28.2 1753 1 4.0 1711 
28.2 1753 2 4.5 1820 

29.4 0634 1 4.0 0549 
29.4 0634 2 4.5 0649 

28.6 0741 1 4.0 0640 
:?il F. 0741 2 4.5 0736 

3; Site No: 1 (T14N R7W Section 5 DAC) 
Site No: 2 (T14N R7W Section 5 AAC) 

Fishing Time2t Eu lachon Catch 5 Total Pre- Post- C.P.U.E. I 
Out Min. Spawners Spawners Total(Pre-Spawners) 

1350 30 42 0 42 1.1 1230 32 24 0 24 

1322 34 72 0 72 1.5 1418 30 22 0 22 

0327 30 47 0 47 1.2 0429 30 27 0 27 

1627 30 31 0. 31 1.4 1734 . 30 50 0 50 

0517 30 60 0 60 1.3 0614 28 15 0 15 

1852 31 38 8 46 0.7 1951 30 7 18 25 

0810 30 32 1 33 1.0 0910 30 25 15 40 

1000 31 2 3 5 0.4 1059 30 24 48 72 

1230 30 1 4 5 0.1 1330 30 6 23 29 

0303 4 98 1 99 17.9 0403 4 45 0 45 

1741 30 30 11 41 2.6 ·t850 30 124 94 218 

0619 30 4 63 67 2.5 
0719 30 143 148 291 

0710 30 0 2 2 0.0 
0802 26 1 16 17 

4; River Mile 
5; C.P.U.E.: Mean number of pre-spawners/net/ 

minute 

J.' 



!l!"l'J 

TABLE E.3.11: SEX COMPOSITION AND SPAWNING CONDITION OF EULACHON SAMPLED AT -VARIOUS SUSITNA RIVER LOCATIONS, ADULT ANADROMOUS INVESTIGATION, 
SUSITNA HYDRO STUDIES 198:1. 

~""'\ 

SPAWNING CONDITION I 
Number (%) ~ 

Date Location Sample Sex Ratio Males Females 
(R.M.)l/ Size Males Females (M:F) Pre. Post. Pre. Post. 

5/16 4.5 110 74 36 2.1:1 100 0 100 a 
5117 4. 5 173 98 75 1.3:1 100 0 100 a 
5/18 25.5 11 9 .2 4.5:1 -5/18 28.0 53 42 11 3.8:1 
5/18 28.5 106 85 21 4:1 
5/19 4.5 103 51 52 1:1.02 100 0 100 0 

~ 

5/19 25.5 117 61 56 1.1:1 
5/20 4.5 151 82 69 1.2:1 100 . 0 100 0 
5/20 36.7 47 37 10 3.7:1 100 0 100 0 
5/20 40.4 8 6 2 3:1 100 0 100 0 
5/20 40.5 16 12 4 3:1 100 a 100 0 
5/21· 25.5 360 211 149 1. 4:1 100 0 98.0 2.0 
5/22 25.5 100 42 58 1: 1. 4 92.9 7.1 84.5 15.5 ~I 

5/23 20.5 119 22 97 1:4.4 100 0 88.7 11.3 
5/23 21.9 144 132 12 11:1 
5/23 16.3 148 112 36 3.1:1 96.4 3.6 94.4 5.6 
5/24 25.5 139 87 52 1. 7:1 100 0 53.9 46.1 -
5/25 25.5 104 80 24 3.3:1 76.2 23.8 79.2 20.8 
5/25 27.a 356 352 4 88:1 92.3 7.7 75. 25 
5/25 26.5 84 78 6 13:1 79.5 20.5 50 50 
5/26 4.5 114 52 62 1:1.2 94.2 5.8 88.7 11.3 
5/26 8.5 32 10 22 1:2.2 90 10 59.1 40.9 
5/26 10.8 66. 34 32 1.06:1 91.2 8.8 96.9 3.1 

r"i'i"1 
5/26 13.15 15~ 

..• 12 3 1. 4:1 66.7 33.3 100 0 
5/26 16.35 203 119 84 1. 4: 1 88.2 11.8 100 0 
5/26 18.3 222 20a 22 . 9.1: 1 85.5 14.5 95.5 4.5 
5/26 19.5 112 92 20 45:1 56 44 8a 20 !!R'"', 

S/26 22.5 100 49 51 1:1.04 75.5 24.5 98 2 
5/27 25.5 105 40 65 1: 1. 7 47.5 52.5 100 0 
5/28 16.3 105 73 32 2.3:1 38.4 61.6 100 0 

~~ 

5/28 18.5 115 113 2 56.5:1 70.8 29.2 so 50 
5/28 25.5 145 77 68 1.1:1 84.4 15.6 91.2 8.8 
5/29 27.0 244 236 8 29.5:1 80.1 19.9 so so 
5/30 22.8 73 38 35 1. 1: 1 65.8 34.2 97.1 2.9 ~'If'! 

5/30 24.8 10 10 0 40 60 
5)30 16.3 103 92 11 8.3:1 68.5 31.5 90.9 9.1 
5/30 18.5 117 117 0 83.8 16.2 
5(30 19.8 25 16 9 1. 8: 1 68.7 31.3 33.3 66.7 
S/31 25.5 65 59 6 9~8:1 

5/31 26.5 124 123 1 123:1 
5/31 25.8 46 45 1 45:1 80 20 100 0 

~: 

5/31 25.9 45 43 2 21.5: 1 48.8 51.2 0 100 

SOURCE: . TRENT 1982 



f""" TABLE E.3.11 (Cont'd) 

Date Number Location Sample 
(R.M. )1/ Size Males Females 

6/1 16.3 486 255 231 
6/1 18.5 214 112 102 
6/1 19.5 209 112 97 

F"" 6/1 21.0 259 174 85 
6/1 21.0 265 174 91 
6/1 25.5 143 103 40 
6/2 25.5 109 55 54 

~ 6/2 30.1 179 84 95 
6/2 36.8 104 49 55 
6/2 41.4 236 105 131 

~~ 6/2 45.8 6 3 3 
6/2 47.9 17 9 8 
6/3 25.5 216 106 110 

...... 6/3 36.8 155 93 62 
6/3 38.4 3 2 1 

.. 6/3 41.4 139 71 68 
6/3 44.0 143 85 58 

~ 6/4 36.8 156 85 71 
6/4 41.4 136 88 48 
6/4 25.5 187 111 76 

- 6/4 45.0 147 106 41 
6/4 48.0 145 99 46 
6/5 9.5 156 71 85 
6/5 15.0 104 82 22 - 6/5 25.5 167 68 99 ... ;,. 

6/5 27.9 . 17T' 112 65 
6/5 31.0 145 72 73 -· 6/5 31.8 193 92 101 
6/6 15.0 314 288 26 
6/6 16.3 212 142 70 
6/6 25.5 143 85 58 
6/7 35.5 161 98 63 
6/7 47.3 17 15 2 
6/8 18.3 150 144 6 

!""" 6/8 20 94 90 4 
6/8 21.7 62 59 3 
6/8 31.2 7 5 2 

F" 
6/9 15.0 156 145 11 

1; River Mile 
2/ Pre-spawning condition: gravid 

Past-spawning condition: spent 

SOURCE: TRENT 1982 

Sex Ratio 
(M:F) 

1. 1: 1 
1.1:1 
1.1:1 
2.04:1 
1. 9:1 
2.6:1 
1. 02: 1 
1: 1. 3 
1: 1.1 
1:1.2 
1: 1 
1.1: 1 
1:1.04 
1. 5:1 
2:1 
1.04: 1· 
1. 4: 1 
1. 2:1 
1.8:1 
1. 5:1 
2.6:1 
2. 1: 1 
1:1.2 
3.7:1 
1:1.4 
1. 7: 1 
1:1.01 
1: 1. 1 
11.1:1 
2: 1 
1. 5: 1 
1. 5: 1 
7. 5: 1 
24:1 
22.5:1 
19.6:1 
2 . 5: 1 
13.2:1 

SPAWNING CONDITION 2; 
(%) 

Pre. 
Males 

Post. 

98.8 1.2 
98.2 1.8 

100 0 
97.1 2.9 
97.1 2.9 
97.1 2.9 
96.4 3.6 

100 0 
100 0 
100 0 
100 0 

100 0 
100 0 

100 0 
100 0 
95.3 4.7 

100 0 
100 0 
99.1 €1.9 

100 0 
33.8 66.2 
85.4 14.6 
75.0 25.0 
77.7 22.3 

81.6 18.4 
82.4 17.6 
44.7 55.3 
63.3 36.7 

0 100 
51.4 48.6 
48.9 51 t'r 
0 100 

26.9 73.1 

Females 
Pre. . Post. 

100 
100 
100 0 
98.8 1.2· 
98.9 1.1 

100 0 
100 0 
100 0 
100 0 
100 0 
100 0 

98.2 1.8 
100 0 

100 0 
. 100 0 

100 0 
100 0 
100 0 
97.6 2.4 
97.8 2.2 
70.6 29.4 
86.4 13.6 
76.7 30.3 
32.3 67.7 

61.5 38.5 
92.9 7. 1 
55.2 44.8 
95.2 4.8 

100 0 
83.3 16.7 

100 
66.7 33.3 

0 100 



. TABLE E.3.12: ARCTIC CRAYLING HOOK AND LINE TOTAL CATCH BY TRIBUTARY 
BETWEEN THE MOUTH AND FflOPOSED IMPOUNCt-1ENT ELEVATIOf\5 (PIE*) 
AND MONTH IN THE IMPOUNDMENT STUDY AREA, 1981 
(ADAPTED FROM ADF &G 1981 q) 

CATCH 

TRIBUTARY MAY JUNE JULY AUGUST SEPTE~iBER 

Fog Creek 22 17 23 5 5 

Tsusena Creek 23 19 74 18 1 

Deadman Creek 53 86 42 6 3 

~Jatana Creek 1 49 16 172 28 

Kosina Creek 136 246 143 67 187 

Jay Creek 3 178 70 16 50 

Goose Creek 121 136 82 37 6 

Oshetna River 19 92 155 73 167 

TOTAL CATCH 378 823 605 394 447 

-· 
TOTAL 

,...,. 

72 

135 

190 -
266 

779 ~ 

317 -382 

506 
-~ 

2,647 

* PIE for Fog and Tsusena Creeks = 1455 ft; all other tributaries = 2185 ft. -

SOURCE: ADF&G 198lf 

-



,_ 

3 13 ARCTIC rJlAYLING POPULATION ESTIMATES FOR TRIBUTARIES 
TABLE E. ' : IN THE IMPOUNDf'.£NT STUDY AREA, (ADAPTED FROM ADF &G 1981 g)* 

POPULATION CONFIDENCE** 
STREAM ESTIMATE INTERVAL 

Fog Creek 176 115- 369 

Tsusena Creek 1,000 743-1,530 

Deadman Creek 979 604-2,575 

Kosina Creek 2,787 2)228-3,720 

Jay Creek 1,089 868-1 ~462 

Goose Creek 1,327 1,016-1,913 

Oshetna River 2,017 1 )525-2· ,976 

* Watana Creek estimate is not included because the number of recaptures was 
too low. 

- ** Based on June through September recoveries. 

-
SOURCE: ADF&G 1981 f 

-



TABLE E.J.14: EFFECTS Of SURFACING AND EARTHWORK ON PHYSICAL AND CHEMICAL 
CHARACTERISTICS Of AQUATIC HABITAT (MODIFIED FROM DARNELL ET AL. 1978) 

Construction Activity/ Rock ~uograde Aggregate Equipment 
Physical and Chemical Effects Clei:lning Earthwork Excavation Stabilization Production Areas 

Increased Surface Runoff X X X X X 

Lowering of Water Table X X 

Leaching of Soil Mineral X X 

fluctuation in Streamflow X x. X X X 

fluctuation in Water Level X X X X X 

Downstream flooding X X X X 

Increased Sedimentation X X X X X X 

Reduced Habitat Diveisity X X X X X 

Increased Turbidity X X X X X X 

Changes in Water Temperatures X X X X X 

Changes in pH X X X X X 

Changes in Chemical Composition X X X X X X 

Addition of Hydrocarbons X 

Increased Oxygen Demand X X X X 

Borrow Pits Long-lerm 
& Landfills Effects 

X X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 



TABLE E.3. 15 
Increase in water*surface elevation during initial filling of 
Watana Reservoir. 

1ST YEAR 
Increase In 

Month Rate (ft/day) WSEL (ft) WSEL (ft) 

APR 1460 

"""" 
MAY 5.4 1626 166 
JUN 2.4 1699 73 
JUL 4.0 1823 124 
AUG 0.9 1851 28 
SEPT 0.6 1868 17 
OCT 0.2 1875 7 

Total increase in water surface elevation for the year is 415 ft 
.... : i.-~ 

" 
f..:.o=llj!l 

2ND YEAR 
Increase In 

Month Rate (ft/day) WSEL (ft) WSEL (ft) 
~ 

MAR 1875 
APR <0 .l 1876 l 
MAY l.O 1907 31 
JUN 2.5 1983 76 
JUL 1.7 2036 53 
AUG 0.8 2062 26 
SEPT 0.3 2070 8 
OCT 0.3 2079 9 
NOV 0.1 2082 3 
DEC <0 .l 2083 l 

Total increase in water surface elevation for the year is 208 ft 

3RD YEAR 
Increase In 

Month Rate (ft/day) WSEL (ft) WSEL (ft) 

'i~ 

MAR 2083 
APR <0.1 2084 l 
MAY 0.5 2100 16 
JUN 1.3 2140 40 
JUL l.O . 2172 32 
AUG 0.4 2185 13 

~'-

Total increase in water surface elevation for the year is 102 ft 

* Under median flow conditions. 



TABLE E.3.16: IMPORTANT TRIBUTARIES INUNDATED BY WATANA RESERVOIR 

mi. 

~' 

Deadman Creek (RM 186.7) 2.3 

Watana Creek (RM 194.1) 10 

Kosina Creek (RM 206.9) 4.2 

Jay Creek (RM 208.6) 3.2 

Goose Creek (RM 231.2) 1.2 

Oshetna River (RM 233.5) 2.0 



1 

Passage 
Into 

Species Slou hs 

Chum Salmon 
- Adult 
- Embryo 
- Juvenile 

Sockeye Salmon 
- Adult 
- Embryo 
- Juvenile 

Chinook Salmon 
- Adult 
- Juvenile 0 

Coho Salmon 
- Adult 
- Juvenile a 

Pink Salmon 
- Adult 
- Embryo 
- Juvenile 

Rainbow Trout 
- Adult 
- Juvenile 0 

Passage 
Into 

1 1 

TABLE E.3.16a: MAJOR IMPACT ISSUES DURING FILLING OF WATANA RESERVOIR REGARDING 
SALMONIDS IN THE TALKEETNA-TO-DEVIL CANYON REACH (o -NO IMPACT, 
+ = BENEFICIAL IMPACT, - = ADVERSE IMPACT, BLANK = NOT PRESENT 
IN THE HABITAT CONSIDERED) 

Reduced 
Slough Increased Decreased 
+ Mainstem Rearing Winter Summer Decreased 
Spawning in Water Water Main stem 

Tributaries Habitat Mainstem Tern erature Tern erature Turbidit 

0 

+ 
0 0 

0 0 + 

0 0 

0 + + + + 

a 0 

0 + + + + 

0 

0 + 
0 

0 0 0 + + + + 
0 0 + + + + 

] 

Downstream Downstream 
Passage in Passage From 
Mainstem Slou hs 

0 

0 

0 0 

a 0 

·0 

0 0 

0 0 



Month 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEPT 

AVERAGE 
ANNUAL 

* Under 

) I 

TABLE £.3.17 

Comparison of average monthly streamflows at Gold Creek during initial filling of 
Watana Reservoir.* 

Pre-Project ProEosed Minimum Forecast Streamflows 
(cfs) (cfs) 1st yr % Change 2nd yr % Change 

(cfs) (cfs) 

5800 2000 5800 0 4300 -26 

2600 1000 2600 0 2600 0 

1800 1000 1800 0 1800 0 

1500 1000 1500 0 1500 0 

1200 1000 1200 0 1200 0 

1100 1000 1100 0 1100 0 

1400 1000 1400 0 1200 -14 

13200 6000 9800 -26 6000 -55 

27800 6000 22200 -20 6000. -78 

24400 6500 7300 -70 6500 -73 

22200 12000 16800 -24 12000 -46 

13300 9300 9300 -30 9300 -30 

9700 4000 6900 -29 4500 -54 

median flow conditions. 

1 ;! J I } I ' 

3rd yr % Change 
(cfs) 

2000 -66 

1500 -42 

1300 -28 

1300 -13 

1200 0 

1100 0 

1200 -14 

6000 -55 

6800 -76 

6500 -73 

14100 -36 

13300 0 

4700 -52 

J ·~ ~~ 



Month 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEPT 

AVERAGE 
ANNUAL 

* 

1 .. ') ) 

TABLE E. 3.18 

. Comparison of average monthly streamflows at Sunshine Station during initial filling of 
Watana Reservoir.* 

Pre-Project ProEosed Minimum Forecast Streamflows 
(cfs) (cfs) 1st yr % Change 2nd yr % Change 3rd yr 

(cfs) (cfs) (cfs) 

13700 10100 13700 0 12400 -9 10100 

5800 4400 5800 0 5800 0 4900 

4200 3400 4200 0 4200 0 3700 

3500 3000 3500 0 3500 0 3300 

3000 2700 3000 0 3000 0 3000 

2600 2500 2600 0 2600 0 2600 

3200 2800 3200 0 3000 -6 3000 

27700 20400 24200 -13 20400 -26 20400 

64200 42300 58500 -9 42300 -34 43100 

63200 45800 46600 -26 45800 -28 45800 

55900 46400 51200 -8 46400 -17 48500 

32300 28400 28400 -12 28400 -12 32300 

23300 17700 20400 -12 18200 -22 18400 

Under median flow conditions. 

J 

% Change 

-26 

-16 

-12 

-6 

0 

0 

-6 

-26 

-33 

-28 

-13 

0 

-21 



Month 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEPT 

AVERAGE 
ANNUAL 

* 

TABLE E.3.19 

Comparison of average monthly streamflows at Susitna Station during initial filling of 
Watana Reservoir.* 

Pre-Project Pro:eosed Minimum Forecast Streamflows 
(cfs) (cfs) 1st yr % Change 2nd yr % Change 3rd yr 

(cfs) (cfs) (cfs) 

30100 26400 30100 0 28700 -5 26400 

12700 11200 12700 0 12700 0 11700 

8200 7400 8200 0 8200 0 7700 

7900 7500 7900 0 7900 0 7800 

7000 6800 7000 0 7000 0 7000 

6300 6200 6300 0 6300 0 7000 

7000 6600 7000 0 6800 -3 6800 

60500 53100 56900 -6 53100 -12 53100. 

123700 101800 118000 -5 101800 -18 102600 

131900 114600 115400 -13 114600 -13 114600 

110800 101400 106200 -4 101400 -8 103500 

66000 62100 62100 -6 62100 -6 66000 

47700 42100 448oo· -6 42600 -11 40100 

Under median flow conditions. 

t l\ i I .1\ )& ) }. ] } J ··J " 

% Change 

-12 

-8 

-6 

-1 

0 

0 

-3 

-12 

-17 

-13 

-7 

0 

-16 

J - I 
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TABLE E.J.ZO: STREAM HABITAT AFFECT BY OPERATION OF WATANA RESERVOIR 

Mi of tributary inundated 

May-June Total 

Watana Creek .5 .7 

Kosin a Creek .4 .8 

Jay Creek .4 .8 

Goose Creek .} .8 

Osletna River .6 1.6 



S ecies 

Chum Salmon 
- Adult 
- Embryo 
- Juvenile 

Sockeye Salmon 
- Adult 
- Embl'yo 
- Juvenile 

Chinook Salmon 
- Adult 
- Juvenile 

Coho Salmon 
- Adult 
- Juvenile 

Pink Salmon 
- Adult 
- Embryo 
- Juvenile 

Rainbow ll'out 
- Adult 
- Juvenile 

·.~ 

TABLE E.3.21: MAJOR IMPACT ISSUES DURING OPERATION OF WATANA RESERVOIR REGARDING 
SALMONIDS IN THE TALKEETNA-TO-DEVIL CANYON REACH ( o - NO IMPACT, 
+=BENEFICIAL IMPACT, -=ADVERSE IMPACT, BLANK =NOT PRESENT IN 
THE HABITAT CONSIDERED) 

Reduced 
Passage Passage Slough Real'ing Over- Decreased 
Into Into Spawning in wintering Mainstem 
Slou hs Tl'ibutal'ies Habitat Mainstem Habitat Tul'bidit 

0 

0 

0 + 

0 0 

0 0 + + + 

0 0 

0 0 + + + 

0 0 

0 

0 

0 0 0 + + 
0 0 0 + + + 

Decreased Downstream Downstream 
Mainstem Passage in Passage From 
Scoul'in Mainstem Slou hs 

+ 
0 

0 

+ 0 0 

+ 0 0 

+ 
0 

+ 0 0 

+ 0 0 



-
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·TABLE E. 3. 24: COMPARISON OF AVERAGE MONTHLY -sTREAMFLOWS 'AT GOlD--cREEK 
STATION UNDER OPERATION OF WATANA DAM 

Month Pre-Project 
(cfs) 

Post-Project 
(cfs) 

%'Change 

OCT 5800 8000 +38 

NOV 2600 9200 +254 

DEC 1800 10700 +494 

JAN 1500 9700 +547 

FEB 1200 9000 +650 

MAR 1100 8300 +655 

APR 1400 7700 +450 

MAY 13200 10400 -21 

JUN 27800 11400 -59 

JUL 24400 9200 -62 

AUG 22200 13400 -40 

SEPT 13300 9800 -26 



-



- TABLE E.3.26: COMPARISON OF AVERAGE MONTHLY STREAMFLOWS AT SUS ITNA 
STATION UNDER OPERATION OF WATANA DAM 

r-~ ,_ 
Month Pre-Project Post-Project % Chan~e 

(cfs) (cfs) 

OCT 30100 32400 +8 

NOV 12700 19200 +51 

DEC 8200 17000 +107 

"""' JAN 7900 16100 +104 

FEB 7000 14700 +110 

MAR 6300 13500 +114 

APR 7000 13300 +90 

MAY 60500 57600 -5 

JUN 123700 107400 -13 

~' JUL 131900 117000 -11 

AUG 110800 102300 -8 
t""-

SEPT 66000 62600 -5 

-
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IMPACT Watana 
ISSUE 

F i_ping 

Passage of Adult X 
Salmon 

Adverse Impacts to 
Slough Habitat X 

Loss of Sidechannel X 
and Mainstem Salmon 
Spawning Areas 

Altered Thermal X 
Regime 

Gas Supersaturation X 

Inundation of X 
Tributary Habitat 

Outmigration of X 
Juvenile Anadromous 
Fish 

) 

TABLE E.3.30: IMPACT ISSUES AND PROPOSED MITIGATION FEATURES FOR ANTICIPATED FILLING AND 
OPERATIONAL IMPACTS TO AQUATIC HABITATS, SUSITNA HYDROELECTRIC PROJECTS 

uccu~ HlNCI:. MIT IGAllUN FEATURE 
uev 11 canyon 

Development Development Watana Dev e lopmen t Devil 

Operation F i_!ling_ _Qperation Filling uperation t uling 

X X - Downstream release - Downstream release 

' 

X X - Downstream relase - Downstream release 
-Slough m0dificatwr - Slough modification 
- Replacement habitat - Replacement habitat 

through modifica- through modification 
tion of side of side channels 
channels 

X X - Replacement habitat - Replacement habitat 
through modifica- through modification 
tion of side of side channels 
channels 

X X Multiple level outlet 

X Fixed Core valves 

X Lake modification Lake modifi 
and restocking cat ion 
program stocking 

program 

X X Downstream release Downstream release 

T 

Canyon Development 

Operation 

- Downstream release 

- Downstream release 
- Slough modification 
- Replacement habit at 

through modifica-
tion of side 
channels 

- Replacement habitat 
through modifica-
t ion of side 
channels 

Multiple level outlet 

Fixed core valves 

-

Downstream release 



TABLE W1 

ffi ELI M I NARY ll ST OF PLANT SPECIES I DENT IF I ED IN SUMMERS 
OF 1980 AND 1981 IN THE UPPER SUSITNA RIVER BASIN* (Ul, 
THE DOWNSTREAM FLOODPLAIN CD l, AND THE I NTERT IE ( I ) 
(AFTER MCKENDRICK ET Al, 1982) 

Pteridophyta 

Aspidiaceae 

Dryopteris dilatata (Hoffm.) Gray 
Dryopteris fraqrans CL.l Schott 
Gymnocarptum dryopferis {L.) Newm. 

Athyriaceae 

Athyrium filix-femina (L.l Roth 
cystopteris fraf'lis (L.l Bernh. 
Cystopfaris mon ana Clam.) Bernh. 
Matteuccia struthiopteris (L.) Todaro 
Woodsta alpina (Bolton) s. F. Gray 

Eq u i set aceae 

Equ i set urn arvense L. 
Equisetum fluviatile L. ampl. Ehrh. 
Equisetum palustre C. 
Equisetum pratense L. 
Equisefum stlvaticum L. 
Equisetum vari79atum Schleich. 
Equ 1 sefum sp. 

lsoetaceae 

lsoetes muricata Our. 

Lycopodiaceae 

Lycopodium alpinum L. 
Lycopodium annotinum L. 
Lycopodium ciavatum L. 
Lycopodium complanatum L. 
Lycopodium seiago L. ssp. selago 

Thelypteridaceae 

Thelypteris phegopteris {L.) Stassen 

Gymnospermae 

Cupressaceae 

Juniperus communis L. 

Pinaceae 

Picea glauca (Moench) Voss 
Picea mariana (Mi I I.) Britt., 

Sterns & Pogg. 

Monocotyledoneae 

Cyperaceae 

Carex aquatilis Wahlenb. 
Car ex b tse I ow 1 1 Torr. 
Carex capillaris L. 
ca;=ex canescens L. 
Carex conctnna R. Br. 

Shield fern 
Fragrant shield fern 
Oak fern 

lady fern 
Frag i I e fern 
Mountain fragile fern 
Ostrich fern 
Alpine woodsia 

Meadow horsetail. 
Swamp horseta i I 
Marsh horseta i I 
Meadow horseta i I 
Woodland horsetail 
Variegated scour i ng-n.~sh 
Horsetai I 

Qui II wort 

Alpine clubmoss 
Stiff c I ubmoss 
Running clubmoss 
Ground cedar 
Fir clubmoss 

Long beech fern 

Common junIper 

White spruce 

Black spruce 

Water sedge 
Bigelow sedge 
Hairlike sedge 
S i I very sedge 
Low northern sedge 

U D 
u 
U D 

U D 
u 
u 

u 

u 
u 

D 

D 
U D 
u 
U D 

u 

U D 

U I 

u 
u 
u 

u 

..,, 

-

-
D 

~ 



-
TABLE W1 

FRELIMINARY LIST OF PLANT SPECIES IDENTIFIED IN SUMMERS 
OF 1980 AND 1981 IN THE UPPER SUSITNA RIVER BASIN* (UJ, 
THE DOWNSTREAM FLOODPLAIN CD) , AND THE I NTERT IE ( I ) 
(AFTER MCKENDRICK ET AL• 1982) (Cont 1 d) 

Carex f i I i fo I i a Nutt. 
Carex Tarberi Fern. 
Carex 1 mosa L. 
Carex I o lr acea L. 
Carex medra R. Br. ex Richards 
Carex "'iiieiii'ti'ranacea Hook 
Carex podocarpa c. B. Clarke 
Carex rhynchophysa C. A. Mey 
Car ex saxaf 1 I 1 s L. 
ca;=exspp. 
neocharis sp. 
Eriophorum an~ustifol ium Honck. 
Errophorum sc euchzerr Hoppe 
Eriophorum vaginatum L. 
Errophorum sp. 
Scirpus microcarpus Presl. 
lrrcHophorum caesp1tosum (L.) Hartm. 

Gramineae (Poaceae) 

Agropyron berea I e (Turcz.) Drobov 
Agropyron caninum (L.) Beauv. 
Aijropyron macrourum (Turcz.) Drobov 
Agropron sp. 
Agros rs scabra Wil ld. 
ATrostis sp. 
A opecurus a I pi nus Sm. 
Arctagrostis latifolia (R. Br.) Griseb. 
Beckmannra syzrgachne (Steud.) Fern 
Calamagrostis canadensis (Mlchx.) Beauv. 
Calamagrostis purpurascens R. Br. 
Cinna fatifol ia <Trev.J Grlseb. in Ledeb 
"Uai'i'ffi"on r a I nfermed i a Vasey 
Deschampsia atropurpurea (Wahlenb.) 

Scheele"'* 
Deschampsia caespitosa (L.) Beauv. 
Festuca alfaica Trln. 
Festuca rubra L. Coli. 
Hierochloe alpina (Swartz) Roem. & Schult. 
Hrerochloe odorata (L.) \tlahlenb. 
Phleum commufafum Gandoger 
Poa alpina L. 
~ arcfrca R. Br. 
l'Oa" pa I usfr rs L. 
Trisetum sprcatum (l.) Richter 

lridaceae 

Iris setosa Pel las 

Juncaceae 

Juncus arcticus Wi lid. 
Juncus castaneus Sm. 
Juncus drummondii E. Mey. 
Juncus mertensianus Bong. 
Juncus trrglym•s L. 
Luzula campestris (L.l DC. ex DC. 

& Lam.** 
Luzu I a confusa ll ndeb. 
Luzula mulfrtlora CRetz.J lej. 
Luzula parviflora CEhrh.) Desv. 
Luzula tundrrcola Gorodk. 
Luzula wahlenbergii Rupr. 

Thread-leaf sedge 
Sedge 
Shore sedge 
Sedge 
Sedge 
Frag i I e sedge 
Short-stalk sedge 
Sedge 
Sedge 
Sedge 
Spike rush 
Tal I cottongrass 
White cottongrass 
Tussock cottongrass 
Cottongrass 
Smal 1-fruit bul I rush 
Tufted cl ubrush 

Northern wheatgrass 
ltlheatgrass 
1/lheatgrass 
Wheatgrass 
Tickle grass 
Bent grass 
Mountain foxtail 
Polargrass 
Slough grass 
81 uejoint 
Purple reedgrass 
Wood reed 
Timber oatgrass 
Mountain hairgrass 

Tufted hairgrass 
Fescue grass 
Red fescue 
Alpine holygrass 
Van i I I a grass 
Timothy 
Alpine bluegrass 
Arctic bluegrass 
Bluegrass 
Downy oatgrass 

Wi I d iris 

Arctic rush 
Chestnut rush 
Drummond rush 
Mertens rush 
Rush 
Wood rush 

Northern woodrush 
Wood rush 
Smal 1-fl owered wood rush 
Tundra woodrush 
Wahlenberg woodrush 

u 

u 
u 
u 
u 
u 
u 

D 

D 
U D 

u 
u 
U D 

0 
0 

u 

u 

0 
0 
0 

u 0 
u 
u 
u 

D 
U D 
u 

u 
u 

0 
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TABLE W1 

ffiELJMINARY LIST OF PLANT SPECIES IDENTIFIED IN SUMMERS 
OF 1980 AND 1981 IN THE UPPER SUSITNA Rl VER BASIN* (U), 
THE OOWNSTREN-1 FLOODPLAIN (D), AND THE I NTERT IE ( I l 
(AFTER MCKENDRICK ET AL. (1982) (Cont 1 d) 

Li I i aceae 

lloydia seroti.na (L.l Rchb. 
Sfrepfopus amplexifol ius (L.) oc. 
lof1eld1a cocc1nea Rtchards 
Tof!eldia pusilla (Michx.) Pers. 
Veratrum vir1de Ait. 
Zygadenus elegans Pursh 

Orchidaceae 

Listera cordata (L.l R. Br. 
Plafantnera conval lariaefolia 

( F i sc h • l li nd I • 
Platanthera dilatata (Pursh) Lindl. 
PI atanthera hyperoorea ( L.) lind I. 

Potamogetomaceae 

Potamogeton epih¥drous Raf. 
Pofamogefon t1l 1torm1s Pers. 
Potamogeton gramineus L. 
Potamogeton pertoliatus L. 
Pofamogefon ro6binsi1 Oakes 

Spargan i aceae 

Sparganium angustifofium Mlchx. 

Dicotyledoneae 

Aral l aceae 

Echinopanax horridum (Sm.) Decne. 
& Planch. 

Betulaceae*** 

Alnus crispa (Alt.) Pursh 
A I nus s i nuata (Reg.) Rydb. 
-mnUsfenu1tof ia Nutt. 
AI nus sp. 
~a glandulosa Michx. 
Betula nana L. 
Betu I a OCcident a I is Hook. 
Betula papyrifera Marsh. 

Borag i naceae 

Mertensia ~anlculata (Ait.l G. Don 
Myosofts a pestrts F. w. Schmidt 

Call itrichaceae 

Call itriche hermaphroditica L. 
Call ifriche ~ L. 

Campanulaceae 

Campanula lasiocarpa Cham. 

Capri fo I i aceae 

Linnaea borealis L. 
Sambuons cal I tcarpa 
VIburnum edule (Mtchx.) Raf. 

AI p 1 i I y 
Cucumber root 
Northern asphodel 
Scotch asphodel 
False Helebore 
Elegant death camas 

Twyblade 
Northern bog-orchis 

White bog-orchis 
Nortnern bog-orchis 

Nuttal I pondweed 
F i I i form pond weed 
Pond weed 
Clasping-leaf pondweed 
Robb l n s pond weed 

Narrow-leaved burreed 

Dev i I 1 s c I ub 

American green alder 
Sitka alder 
Thin I eaf alder 
Alder 
Res in birch 
Dwarf arctic birch 
Water birch 
Paper birch 

Tall bluebell 
Forget-me-not 

Water starwort 
Vernal water starwort 

Mountain harebef I 

Tw i n-f I ower 
Pacific red elder 
High bush cranberry 

u 
U D 
u 
u 
u 
u 

u 

u 
u 

u 
u 
u 
u 
u 

u 

U D I 

u 
U D 

D 

u 
U D 
u 
U D 

U D 
u 

u 
u 

u 

u 
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TABLE W1 
PRELIM I NARY Ll ST OF PLANT SPECIES IDENTIFIED IN SUMMERS 
OF 1980 AND 1981 IN THE UPPER SUSITNA RIVER BASIN* (Ul, 
THE DOWNSTREAM FLOODPLAIN (D), AND THE INTERTIE (I) 
(AFTER MCKENDRICK ET AL. 1982) (Cont 1d) 

Caryophyll aceae 

Minuartia obtusi loba (Rydb.l House 
Moehringia lateritol Ia (L.l Fenzl 
S 1 I ene acau I 1 s L. 
Stel laria crossifol ia Ehrh. 
Sfel larla sp. · · 
Wilhelmsia physodes (Fisch.) McNeil I 

Compositae (Asteraceae) 

Ach i I I ea berea I i s Bong • 
Achl Ilea sibir1ca Ledeb 
Anfennaria alp1na (L.) Gaertn. 
Antennaria monocphala DC. 
Anfennaria rosea Greene 
Arnica amplexTC'aui is Nutt. ssp. prima 

Maguire 
Arnica chamissonis Less. (?) 
Arn1ca fr1g1da C. A. Mey. 
Arnica I essi ng i i Greene 
Arfem is i a a I as kana Ryd b. 
Artemisia arctica Less. 
Arfem 1 s 1 a f 1 I es i i Ledeb. 
Aster sibir1cus L. 
t:rTg'eron acris .subsp. pol itus (L.) 

(E. Fri9'ST""Schinz & Keller 
Erigeron humuilis Graham 
Erigeron lonchopl'iyl lous Hook. 
Erigeron pureuratus Greene 
Hieracium fr1ste W1l ld 
Petasites frisidus (L.) Franch. 
Pefas1tes sag1ffafus (Banks) Gray 
Petasites sp. 
Saussurea angustlfolla (Willd.) DC. 
Senecio atropurpureus (iedeb.) Fedtsch. 
Senec1o lugens Richards. 
Senecio sheldonensis Pors. 
Senecio triangularis Hook 
Solidago, multiradiata Alt. 
laraxacum sp. 

Cornaceae Seneaio sp 

Cornus canadensis L. 

Crassulaceae 

Sedum ~ (L.l Scop. 

Cruciferae (8rassicacea) 

Draba aurea Vahl 
car=aa-m"'"Tri91)e I I i d i fo I i a L. 
Cardamine prafens1s L. 
Cardamine umbel lata Greene 
Draba n1val 1s Liljebl 
Oraba stenoloba Ledeb. 
~a nud1caul is (L.) Regel 

Diapensiaceae 

Diapensia lapponica L. 

AI pine sand wort 
Grove Sandwort 
Moss campion 
Chickweed 
Starwort 
Merckia 

Yarrow 
Siberian yarrow 
AI pine pussytows 
Pussytoes 
Pussytoes 

Arnica 
Arnica 
Arnica 
Arnica 
AI aska wormwood 
Wormwood 
Wormwood 
Siberian aster 

Fleabane 
F I eabane daisy 
Daisy · 
Fleabane 
Woo I y hawkweed 
Arctic sweet coltsfoot 
Arrowleaf sweet coltsfoot 
Sweet co Its foot 
Saussurea 
Rag wort 
Rag wort 
Sheldon groundsel 
Rag wort 
Northern goldenrod 
Dandelion 

Rag wort 

Bunchberry 

Rose root 

Drab a 
AI pine bittercress 
Cuckoo f I ower 
Bittercress 
Rockcress 
Rockcress 
Parry a 

Diapensia 

u 

u 

u 
u 

U D 
U D 
u 
u 
u 

u 

u 
u 
u 
u 

D 

U D 
U D 

I 
u 

u 
u 
u 

u 
u 
u 
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D 

D 

U D 
u 

U D 
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TABLE W1 
ffiELIMINARY LIST OF PLANT SPECIES IDENTIFIED IN SUMMERS OF 
1980 AND 1981 IN THE UPPER SUS ITNA RIVER BASINal (Ul, 
THE DOWNSTREAM FLOODPLAIN COl, AND THE INTERTIE (ll 
(AFTER MCKENDRICK ET AL~ 1982) (Cont'dl 

Droseraceae 

Drosera rotundifol ia L. 

Elaeagnaceae 

Shepherdia canadensis (L.) Nutt. 

Empetracene 

Empetrum nigrum L. 

Er icaceae 

Andromeda polifol ia L. 
Arctostaphylos alpina (L.) Spreng. 
Arctostaphylos rubra (Rehd. & Wilson) Fern. 
Arctostaphylos uva-ursi (L.) Spreng. 
Cass1ope fefragona (L.) D. Don 

.Ledum decumbens (Ait.) Small*** 
Ledum groenlandicum Oeder 
Ledum sp. 
~leuira procumbens (L.l Desv. 
Menziesia ferrug1vea Sm. 
Oxycoccus microcarpus Turcz. 
Rhododendron lapponicum (L.) Wahlenb. 
Vacc1n1um caesp1fosum Michx. 
Yacc1nlum ul ig1nosum L. 
Yaccinium vitis-idaea L. 
Vaccinium sp. 

Fumariaceae 

Corydalis pauciflora (Steph.l Pars. 

Gentianaceae 

Gentiana glauca Pal I. 
Gentiana prop1ngua Richards. 
Menyanfhes fr1tol 1ata L. 
Swerti a perenni s L. 

Geraniaceae 

Geranium erianthum DC. 

Haloragaceae 

Hi ppuri s vu I gar is L. 

Leguminosae (Fabaceae) 

Astragalus aboriginum Richards 
Astragalus al~nus L.** 
Astragalus urn I latus Bunge 
Hedysarum a I p 1 num L. 
Lup1nus arcticus s. Wats. 
Oxytropis camclestris (L.l DC. 
Oxyfrop1s hud elson1 i Prosild 
Oxytropis maydelllana Trautv. 
Oxytropis nigrescens (Pall.) Fisch. 
Oxytropis viscida Nutt. 

Sundero 

Soap berry 

Crowberry 

Bog rosemary 
Alpine bearberry 
Red-fruit bearberry 
Bearberry 
Four-angle mountain 

heather 
Northern Labrador tea 
Labrador tea 
Labrador tea 
Alpine azalea 
Menziesia 
Swamp cranberry 
Lapland rosebay 
Dwarf blueberry 
Bog b I ueberry 
Mountain cranberry 
Blueberry 

Few-flowered corydalis 

Glaucous gentian 
Gentian 
Buckbean 
Gentian 

Northern geranium 

Common maresta i I 

Mi I k-vetch 
Mi I k-vetch 
Mi I k-vetch 
AI pine sweet-vetch 
Arctic lupine 
Field oxytrope 
Huddelson oxytrope 
Maydell oxytrope 
Blackish oxytrope 
Viscid oxytrope 

U D I 

u 

u 
u 
u 
u 

u 
u 
u 

D 
u 

u D 
u 
u 
u D 
u 

u 

u 
u 
u D 
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TABLE W1 
PRELIMINARY LIST OF PLANT SPECIES IDENTIFIED IN SUMMERS 
OF 1980 AND 1981 IN THE UPPER SUSITNA RIVER BASIN* <Ul, 
THE DOWNSTREAM FLOODPLAI"J (0), AND THE INTERTIE (I) 
( . .;,.;A::...FT.;.;ER=:..;...;,.;MC;.;:,K~E:::N.:..::DR;.;..:...:.I..=CK:..:.......::E:..;.T.....;..;A=L.:.....1:....:9:..::8~2;,:..) ____________ (Con t 1 d) 

Lentibulariaceae 

Pinsuicula vi llosa. L. 
Ofr1cular1a vulgaris L. 

Myricaceae 

Myrica~ L. 

Nymphaceae 

Nuphar polysepalum Engelm. 

Onagraceae 

Circaea al~ina L. 
Epi lobium angustifol ium L. 
Ep1iobium latifol ium L. 
Ep i lobi urn pa I usfre L. 

Orobanchaceae 

Boschniakia rossica (Cham. & Schlecht. 
Fedfsch. 

Pcilemoniaceae 

Polemonium acutiflorum Wi lid. 

Polygonaceae 

Oxyria digtna (L.) Hi I I 
Po ygonum 1storta L. 
Potygonum viviparum L. 
Rumex arcticus Trautv. 
Rumex sp. 

Portu I acaceae 

Claytonia sarmentosa C. A. Mey. 

Primulaceae 

Androsace chamae.jasme Hult 
Dodecafheon trig1dum Cham. & Schlecht. 
Pr1mula cuneifol ia ledeb 
Tr i enta H s europaea L. 

Pyrolaceae 

Meneses uniflora (L.l Gray 
Pyrola asarlfoi1a Michx. 
Pyrola grand1tlora Radius 
Pyro I a minor L. 
Pyrola secunda L. 
Pyrola sp. 

Ranunculaceae 

Aconitum delphinifol ium DC. 
Actaea rubra (Aif.) Wil ld. 
Anemone~issiflora L. 
Anemone parviflora Michx. 
Anemone r1chardsonii Hook 
Anemore.sp. 
Caltha leptosepala DC. 

Hairy butterwort 
Comrron b I adderwort 

Sweet gale 

Yellowpond lily 

Enchanter's nightshade 
Fi reweed 
Dwarf f i reweed 
Swamp w i I I ow-herb 

Poque 

Jacob's ladder 

Mountain sorrel 
Meadow bi stort 
Alpine bistort 
Arctic dock 
Dock 

Spring-beauty 

Androsace 
Northern shooting star 
Wedge-leaf primrose 
Arctic starflower 

Single del i!;Jht 
Liverleaf Wintergreen 
Large-flower wintergreen 
Lesser wintergreen 
One-sided wintergreen 
\~i ntergreen 

Monkshood 
Baneberry 
Anemone 
Northern anemone 
Anemone 
Anerrone 
Mountain marsh-marigold 

u 
u 

U 0 I 

u 

0 
u 0 
U D 
u 

U D I 

U 0 I 

u 
u 
u 
u 
u 

u 

u 
u 
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U D 
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u 
IJ 
U D 

u 
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TABLE W1 

PRELIMINARY LIST OF PLANT SPECIES IDENTIFIED IN SUMMERS 
OF 1980 AND 1981 IN THE UPPER SUSITNA RIVER BASIN* CUl, 
THE DOWNSTREAM FLOODPLAIN CD) , AND THE I NTERT IE ( I l 
(AFTER MCKENDRICK ET AL.1982) CCont 1 dl 

Delphinium glaucum s. Wats 
Ranunculus confervoides (E. Fries) 

E Frres 
Ranunculus macounii Britt. (may be 

R. paclficus or something similar> 
Ranunculus nivalis L. 
Ranunculus occidental is Nutt. 
Ranunculus pygmaeus Wahlenb. 
Ranunculus sp. 
Thai ictrum alpinum L. 
Thai icfrum sparsiflorum Turcz. 

Rosaceae· 

Dryas drummondii Richards. 
Dryas integrifolia M. Vahl. 
~ ocfopefa I a C. 
Geum macrophyllum WI I d. 
Geum rossii (R. Br.l Ser. 
LUeTkea pectinata (Pursh) Ktze. 
Pofenfrlla bdlora Wi lid. 
Potent! I Ia fruticosa L. 
Potenfilla hyrarct1ca Matte 
Pofentil Ia pa usfris CL.l Scop. 
Rosa acrcularrs Lrndl. 
~s arctlcus L. 
Rubus chamaemorus L. 
Rubus idaeus L. 
m:ili"DS pedafus Sm. 
RiJi:i'U'S s p. 
sangu"isorba stipulata Rat. 
Sibbaldia procumbens L. 
Sorbus scopul rna Greene 
Spiraea beauverdiana Schneid. 

Rubiaceae 

Ga I i um borea I e L. 
Galium trifidum L. 
Gal ium tritlorum f-1ichx. 

Sa I i caceae*** 

Populus balsamifera L. 
Popu I us fremu I o r.des M i chx. 
Salix alaxensis CAnderss.) Cov 
Sal rx arbusculoides Anderss. 
"Sa'J'TX arct i ca Pa I I • 
Salix barclay! Anderss. 
~ brachycarpa Nutt. 
"Sa'1TX fuscescens Anderss. 
Salrx glauca C. . .. 
Salix lanata L. subsp. rrchardson11 
--cJkiok) A. Skwortz. 
Salix monticola Bebb 
"SaTlX novae-angl i ae Anderss. 
Salix phlebophyl Ia Anderss. 
saTlX" pi ani tal ia Pursh ssp. pi ani to I i a 
sarfX plan dol ia Pursh ssp. pulchra 
~am.) Argus 
Salix polaris Wahlenb. 
Salix reticulata L. 
Salix rotundlfoi ia Trautv. 
-saTT'X scou I er i ana Barratt 
Salix sp. 

Larkspur 

Water crowf~ot 

Macoun buttercup 
Snow buttercup 
Western buttercup 
Pygmy buttercup 
Buttercup 
Arctic meadow rue 
Few-flower meadowrue 

Drummond mountain-avens 
Dryas 
White mountain-avens 
Avens 
Ross avens 
Luetkea 
Two-flower cinquefoil 
Shrubby cinquefoil 
Arctic cinquefoil 
f>1arsh cinquefoil 
Prickly rose 
Nagoon berry 
Cloud berry 
Raspberry 
Five-leaf bramble 
Raspberry 
Sitka burnet 
Sibbaldia 
Western mountain ash 
Beauverd spirea 

Northern bedstraw 
Smal I bedstraw 
Sweet-scented bedstraw 

Balsam poplar 
Quaking aspen 
Feltleaf wi I low 
Littletree willow 
Arctic wi I low 
Barclay willow 
Barren-ground willow 
A I as ka oog w i I I ow 
Gray I eaf wi II ow 

Richardson willow 
Park willow 
Tal I blueberry wit low 
Skeletonleaf willow 
Planeleqf wi I low 

Diamond leaf willow 
Po I ar w i I I ow 
Net I eaf lfi I I ow 
Least w i I I ow 
Scouter wi I low 
Will ow 

u 

u 
u 
u 
u 
u 
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u 
u 

u 
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TABLE W1 
FRELIM I NARY L 1ST OF PLANT SPECIES IDENTIFIED IN SUMMERS 
OF 1980 AND 1981 IN THE UPPER SUSITNA RIVER BASIN* (U), 
THE DOWNSTREAM FLOODPLA I :-.l CD), AND THE I NTERT IE C I) 
(AFTER MCKENDRICK ET AL. 1982 (Cont'd) 

Santalaceae 

Geocaulon I ividum (Richards.) Fern. 

Sax i fragaceae 

Boykin ia richardson i I (Hook.) Gray 
Leptarrhena pyre 1.1 fol i a (D. Don> Ser. 
Parnassta palustrts L. 
Parnassta kotzebuei Cham & Schlecht. 
Parnassta sp. 
Ribes hudsonianum Richards 
FITDe'S laxitlorum Pursh (may be R. 
---gfand u I os um) 
Ribes triste Pall. 
~raga bronchial is L. 
Saxifraga davurica Willd. 
Sax1 fraga foltolosa· R. Br. 
Saxifraga hieracifol Ia Waldst. & Kit. 
Saxtfraga I ya lit 1 Eng I er 
Saxifraga oppositifolia L. 
Saxtfraga punctafa L. 
Saxifraga serpyl lifolia Pursh 
Saxifraga tricuspidata Rottb. 

Scrophuiariaceae 

Casti lle,ja caudata (Pennell) Rebr. 
Mtmulus gattatus DC. 
Pedtcularts capttata Adams 
Ped i cuI ar'i s kane i Durand 
Pedtcularts~orfca Wirsing 
Pedtcularts parvtflora J. E. Sm. var. 

parv 1 f I ora 
Pedicularis sudetica WII ld. 
Ped1cularrs verticil lata L. 
Pedicularis sp. 
Verontca Americana 
Veronica wormskjoldii Roem. & Schult. 

Umbel I iferae CApiaceae) 

Angel lea Iucida L. 
Heracleum lanafum Michx. 

Valerianaceae 

Valeriana capitata Pal 1. 

Violaceae 

Viola epipsila Ledeb. 
~ langsdorffi Fisch. 
ViO'T'a b if I ora L. 
~sp. 

Nonvascular Plant Species 

Lichens 

Cetraria cucul rata (Bel I .l Ach. 
Cefrarta 1slandtca CL.) Ach. 
Cetraria nival is CL.) Ach. 
Cetraria richardsonii Hook. 
Cefrarta spp. 
Cladonta alpetris (L.) Rabenh. 

Sandalwood u 

Richardson boyk in i a U 
Leather-leaf saxifrage U 
Northern Grass-of-Parnassus U 
Kotzebue Grass-of Parnassus U 
Grass of Parnassus 
Northern black currant 

Tra i I i ng b I ack currant D 
Red currant U D 
Spotted saxifrage U 
Saxifrage U 
Foliose saxifrage U 
Hawkweed-leaf saxifrage U 
Red-stem saxifrage U 
Purple mountain saxifrage U 
Brook saxifrage U 
Thyme-leaf saxifrage U 
Three-tooth saxifrage U 

Pale- Indian paintbrush 
Yellow monkey flower 
Capitate lousewort 
Kane I ousewort 
Labrador lousewort 

Lousewort 
Lousewort 
Whor I ed I ousewort 
Lousewort 

Alpine speedwell 

Wi I d eel ery 
Cow parsnip 

Capitate valerian 

Marsh violet 
Violet 
Violet 
Violet 

u 

u 
u 
u 

u 
u 
u 

u 
U D I 

u 

u 
u 

u 
u 
u 
u 
u 
u 
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TABLE \111 

PRELIMINARY LIST OF PLANT SPECIES IDENTIFIED IN SUMMERS 
OF 1980 AND 1981 IN THE UPPER SUS I TNA RIVER BAS IN* (U), 
THE DOWNSTREIV-..1 FLOODPLAIN (D) 1 AND THE I NTERT IE ( I ) 
(AFTER MCKENDRICK ET AL, 1982 (Cont'dl 

Cladonia mitis Sandst. U 
Glad on i a rangTfer ina ( L.) 1'/eb. U 
Cladon1a spp. U 
Dactyl ina arctica (Hook.) Nyl. U 
Haemafomma sp. U 
Lobar i a I In ita ( Ach. l Rabh. D 
Nephroma spp. U 
Peltrgera spp. U 
Rh1zocarpon geographicum (L.l DC. U 
Stereocaulon paschale (L.l Hoffm. U D 
Thamnol1a vermicularls (Sw.l Schaer. U 
Umb i t1 car 1 a sp. U 

Mosses 

Cl imacium sp. 
Rypnum spp. and other feather mosses 
Paludella squarrose (Hedw.l Brid.t 
Poltrichum spp. 
Pti ium crista-castrensis (Hedw.l OeNot. 
Rhacomitn urn spp. 
Sphagnum spp. 

Vascular plant species nomenclature according to Hulten (1968) except where 
noted. Lichen nomenclature according to Thomson (1979). Moss nomenclature 
according to Conard (1979). 

u 
u 
u 
u 0 
u 
u 0 
U D 

** Nomenc I ature according to We Ish ( 1974). 

***Nomenclature according to Viereck and Little (1972). 

t Nomenc I ature according to Crum ( 1976). 

-

~I 



-

TABLE WZ 
VASCULAR PLANT SPECIES IN THE UPPER SUSITNA RIVER BASIN AND 
DOWNSTREfV'JI AREAS WHICH ARE OUTS I DE THEIR RANGE AS REF'CRTED 
BY HUL TEN ( 1968l AND (FROM MCKENDRICK ET AL. 19B2J 

Upper Basin Extensions: 

Equisetum fluviatile 
Lycopodium selago ssp. selago 
LycopOdium complanatum 
P cea mariana* 
Carex f i I If a I i a 
~onia intermedla 
Luzula wahlenbergil 
Veratrum vir.ide 
Listera cordata** 
Platanthera convallariaefol ia 
Platanfhera h¥perborea 
Ptatanthera dtlafata 
Echinopanax horridum 
Senecio sheldonensis 
Myrtca gale* 
Ranuncullls occidental is 
Potent!lla biflora 
Rubus ldaeus* 
l'W"'6iJS ped afus 
~ularis kanei kanei 
Pedicularis parvif~ 
Potamogeton robbinsii 

Downstream Extensions: 

Echlnopanax horrldum 
Rubus rdaeus*** 
"'SCT'i"j5'"us m 1 crocarpus 
Galium triflorum 
Alnus tenuitol la 
CT'F'C"aea a I p 1 na 
AcTaea rubra 
Ribas h~lanum*** 
~a cham1ssonrs 

Swamp horseta II 
FIr cl ubmoss 
Ground cedar 
Slack spruce 
Thread-leaf sedge 
Timber oatgrass 
Wahlenberg woodrush 
Helet)ore 
Heart-Leaved tw i nb! ade 
Northern bog-arch is 
Northern bog-orchis 
White bog-orchis 
Dev i I 's club 
Sheldon groundsel 
Sweet gale 
Western buttercup 
Two-flower cinquefoil 
Raspberry 
Five-leaf bramble 
Kane I ousewort 
Lousewort 
Rabbi ns pond weed 

Oev i I ' s c I ub 
Raspberry 
Smal !-fruit bultrush 
Sweet-scented bedstraw 
Thin I eaf al.der 
Enchanter's nlghtsh~e 
Baneberry 
Northern black currant 
Arnica 

* Viereck and Little (1972) Include the upper Susltna River basin In 
the range of this species. 

**This species 'lt'as recorded by the third and small mammal survey group 
fran the University of Alaska Museum. 

***Viereck and Little (1972) Include downstream area in the range of 
this species. 



TABLE W3 

ENDANGERED AND THREATENED PLANT SPECIES* SOUGHT IN THE 
UPPER SUSITNA BASIN SURVEYS WITH NOTES ON THEIR HABITATS 
AND KNOWN LOCALITIES (FROM MCKENDRICK ET AL, 1982) 

Species and Habitat Unofficial Status** 

Smelowskia pyriformis Drury & Rollins 
North America endemic 

Threatened species 

calcareous scree, talus, in upper Kuskokwim R. drainag.e 

Aster yukonensis Cronq. Endangered species 
-----North American endemic 

river banks, dry streambeds, river delta sands and gravels 
Kluane Lake, Koyukuk River 

Montia bostockii CA. E. Pbrsild) s. L. Welsh 
North American endemic 
wet, alpine meadows, St. El las Mtns., Wrangell Mtns. 

Endangered species 

Papaver a! boroseum Hult. Endangered species 
Aliiph 1-Ber 1 ng ian 
well-drained alpine tundra, Wrangell Mtns., St. Elias Mtns .• 
Cook Inlet lowlands, Alaska Range 

Podistera yukonensis Math & Const. 
North American endemic 
s.-facing rocky slopes, grasslands at low elevations, 
Eag I e a_rea, Yukon border 

Smelowskia borealis (Greene) Drury & Rol I ins 
var.; vi llosa 
North Amer1can endemic 
alpine calcareous scree, Mt. McKinley Park, Alaska Range 

Taraxacum carneocoloratum Nels. 
North American endemic 
alpine rocky slopes, Alaska Range, Yukon Ogilvie Mtns. 

Other Endangered Species Possibilitie~ 

Cryptantha shackletteana 
Eriosonum flavum var. aquilinum 
Erysimum asperum var. angusfafum 

*Species information and status from Murray (1980). 

Endangered species 

Endangered species 

Endangered species 

Upper Yukon River 
Eagle, Alaska 
Upper Yukon River 

**All species are under review by the U.S. Fish & Wildlife Service for 
inclusion in the Endangered Species Act of 1973. 

-
-

-
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TABLE W4 

HECTARES AND PERCENTAGE OF TOTAL MEA COVERED BY VEGETATIVE 
CQ\1MUNlTY TYPES IN THE WATANA RESERVOIR AREA (MODIFIED FRCM 
MCKENDRICK ET AT. 1982, BASED ON MAPS AT A SCALE OF 1 :250,000) 

Vegetative Community Hectares Percent of Total 

Forest 310,155 21.29 
coni fer 300,931 20.66 

woodland spruce 185,608 12.74 
open spruce 115,001 7.89 
closed spruce 323 0.02 

deciduous 1,290 0.09 
open birch 968 0.07 
closed birch 323 0.02 

Mixed 7,933 0.54 
open 7,817 0.54 
closed 134 0.01 

Tundra 323,612 22.21 
wei" sedge 4,839 0.33 
mesic sedge 183,834 12.62 
herbaceous alpine 807 0.06 
mat and cushion 51,690 3.55 
mat and cushion/sedge 82,442 5.66 

Shrubland 595,519 40.88 
tall shrub 93,379 6.75 
I ow shrubs 497,140 34.13 
birch 20,520 1.41 
wi I low 1 o, 645 0.73 
mixed 465,975 31.99 

Unvegetated 227,497 15.62 
water 34,715 2.38 
rock 103,063 7.07 
snow and ice 89,720 6.16 

Total vegetated area 1,229,286 84.38 
Total area 1,456,783 100.00 

Area 



TABLE W5 

COVER PERCENTAGES FOR TOTAL VEGETATION, VERTICAL STRATA AND PLANT 
SPECIES IN OPEN CONIFER VEGETATION/HABITAT TYPE* IN UPPER SUSJTNA RIVER 
BASIN, SUMMER 1980 (FROM MCKENDRICK ET AL, 1982) 

Category 

Total veg.etatlon 

Overstory (>10 em dbh) 
Picea glauca 
Picea mariana 

Understory (2.5 - 20 em dbh) 
Picea glauca 
P1cea mar1ana 

Shrub layer (>0.5 m tall, <2.5.cm dbhl 
Picea glauca 
Picea mariana 

Ground layer (<0.5 m tall) 
Mosses, unidentified 
Feather mosses 
Pti I ium spp• 
Empetrum nigrum 
Ledum decumbens 

"VaCCin 1 urn u I i g 1nosum 
Vaccinium vitis-idaea 
Equisetum arvense 
Equisetum silvaficum 
L1nnaea boreal Is 
Picea mariana 
~agrostis canadensis 

* Number of areas sampled was 9. 

White spruce 
Black spruce 

White spruce 
Black spruce 

White spruce 
B I ack spruce 

Feather moss 

Crowberry 
Northern Labrador tea 
Bog Blueberry 
Mountain cranberry 
Meadow horsetai I 
Wood I and horseta i I 
Twinflower 
Black spruce 
B I uejo i nt 

Averaqe 
Coverl1* 
(percent) 

98 

24 
24 

2 

10 
3 
2 

5 
1 
3 

94 
11 
29 
13 
6 
5 
7 
6 
6 
8 
8 
1 

14 

**Includes only those species with at least 5 percent cover in any one area sampled. 

-
-
-
·-

-
-



-
-

TABLE W6 

COVER PERCENTAGES FOR TOTAL VEGETATION, VERTICAL STRATA, AND PLANT 
SPECIES IN OPEN BLACK SPRLCE VEGETATION/HABJTAT TYPE* IN UPPER SUSITNA 
RIVER BASIN, SUMMER 1980 <FROM McKENDRICK ET AL. 1982) 

Category 

Total vegetation 

Overstory {>10 an dbh) 
Picea glauca 
~mariana 

Understory (2.5 - 10 em dbhl 
Picea glauca 

""F"T'C'9a mar 1 ana 

Shrub I ayer (>0.5 m tall, <2.5 an dbhJ 

White spruce 
Black spruce 

White spruce 
Black spruce 

Picea mariana Black spruce 
Saliz spp. Willow 

Ground layer {<0.5 m tal I) 
Mosses, unidentified 
Feather rrosses 
C I adoni a spp. 
Ernpetrum nigrum 
Ledum decum ens 
~n1um ul isinosum 
Vacc 1 n 1 urn v rtf s-ldaea 
Equ1setum silvaticum 
Salix spp. 

15"i'C9a" mar i an a 

* Number of areas sam pied was 3. 

Feather moss 

Crowberry 
Northern Labrador tea 
Bog blueberry 
Mountain cranberry 
Woodland horsetail 
Wi I low 
Black spruce 

Average 
Cover** 
(percent) 

96 

14 
13 
5 

10 
4 
5 

7 
8 
2 

93 
34 
30 

7 
14 
14 
10 
15 
12 
7 
4 

**Includes only those species with at least 5 percent cover in any one area 
sampled. 



TABLE W7: COVER PERCENTAGES FOR TOTAL VEGETATION, VERTICAL STRATA, AND PLANT 
SPECIES IN OPEN WHITE SPRUCE VEGETATION/HABITAT TYPE* IN UPPER 
SUSITNA RIVER BASIN, SUMMER 1980 (FROM fo.CKENDRICK ET AL. 1982) 

Category 

Total vegetation 

Overstory (>10 an dbh) 
~ glai.Jca 

Understory (!.5 - 10 an dbh) 
Picea glauca 
ATrii:iS s1nuata 

Shrub layer (>0.5 m tall, <2.5 em dbh) 
Pice a mariana 
A'Iii"US c r 1 s a 
Rosa acicu aris 

Ground layer (<0.5 m tall) 
Feather mosses 
Ptilium spp. 
Eguisetum arvense 
Eguisetum silvaticum 
l1nnaea boreal1s 
Betula glandulosa 
Rosa acicularis 
mainagroshs canadensis 

* Number of areas sampled was 5. 

White spruce 

white spruce 
Sitka alder 

White spruce 
American green.alder 
Prickly rose 

Feather moss 

Meadow horsetail 
Woodland horsetail 
Twin flower 
Resin birch 
Prickly rose 
Bluejoint 

Average 
Cover** 
(percent) 

1 DO 

35 
35 

11 
3 
6 

4 
1 
4 
3 

94 
30 
24 
11 

6 
15 

6 
5 

23 

**Includes only those species with at least 5 percent cover in any one area 
sampled. 

-· 

-

-
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TABLE WB 
COVER PERCENTAGES FOR TOTAL VEGETATION, VERTICAL STRATA, AND PLANT 
SPECIES ·IN WOODLAND CONIFER VEGETATION/HABITAT TYPE* IN UPPER 
SUSITNA RIVER BASIN, SUMMER 1980 (FROM MCKENDRICK ET Al, 1982) 

Category 

Total vegetation 

Overstory (>10 em dbhl 
Pica glauca 

Understory (2.5 - 10 em dbh) 
Plcea mariana 

Shrub layer (>0.5 m tal I, <2.5 em dbhl 

White spruce 

Black spruce 

Picea mariana · Black spruce 

Ground layer (<0.5 m tal I) 
Feather roosses 
Spha~num spp. 
Empe rum nigrum 
Ledum decumbens 
Tea'Um. groen I and i cum 
~nium uliglnosum 
Equ1sefum silvaticum 
Rubus arcticus 

""R"i:i'5iiS chamaemorus 
Picea mariana 
carex bigelow! i 
~spp. 

* Number of areas .sampled was 6. 

Feather rooss 
Sph agnurn moss 
Crowberry 
Northern Labrad.or tea 
labrador tea 
Bog b I ueberry 
Woodland horsetail 
Nagoonberry 
Cloud berry 
Black spruce 
Bi ge I ow sedge 
Sedge 

Average 
Cover** 
(percent) 

99 

12 
11 

11· 
15 

93 
5 

62 
8 
5 
5 

23 
10 
1 5 

5 
3 
7 
6 

**Includes only those species with at least 5 percent cover in any one area 
sampled. 



TABLE '119 

COVER PERCENTAGES FOR TOTAL VEGETATION, VERTICAL STRATA, AND PLANT 
SPECIES IN CLOSED BALSAM POPLAR FOREST VEGETATION/HABITAT TYPE* IN 
UPPER SUSITNA RIVER BASIN, SUMMER 1980 (FROM MCKENDRICK ET AL. 1982) 

Category 

Total vegetation 

Overstory (>10 em dbhl 
Pica glauca · 
"F'Oj5'ij'"l us ba I sam i fer a 

Understory C2.5 - 10 em dbh) 
Populus balsamifera 

Shrub layer (>0.5 m tal I, <2.5 em dbhl 

Wh ! te spruce 
Balsan poplar 

Balsam poplar 

Populus balsamifera Balsam poplar 

Ground layer (<0.5 m tal I) 
Pti I i um spp. 
Polyfrichum spp. 
Emgetrum nigrum 
Le um decum ens 
~nium ulis1nosum 
Vacclnlum vJf1s-1daea 
Cornus canadensis 
Popu I us ba I samdera 
Spiraea beauverd1ana 

* Number of areas sampled was 1. 

Crowberry 
Northern Labrador tea 
Bog b I ueberry 
Mountain cranberry 
Bunchberry 
Ba\ sam pop I ar 
Beauverd spiraea 

**Includes only those species with at least 5 percent cover. 

Average 
Cover** 
(percent) 

99 

80 
1 

75 

5 
5 

10 
5 

85 
20 

5 
30 
40 
40 
20 
40 

1 
5 

-

-

-' 

~, 

-
-
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TABLE W1 0 
COVER PERCENTAGES FOR TOTAL VEGETATION, VERTICAL STRATA, N-lO PLANT 
SPECIES IN CLOSED BIRCH DEC I DUO US· FCREST VEGETATION/HABITAT TYPE* 
UPPER SUSITNA RIVER BASIN, SUMMER 1980 (FROM MCKENDRICK ET AL, 1982) 

Category 

Total vegetation 

Overstory (>10 em dbh) 
Pica glauca 
~Ia papyrifera 

Understory (2.5 - 10 em dbh) 
Picea glauca 
~a papyrifera 

Shrub layer (>0.5 m tall, <2.5 em dbh) 
Picea glauca 
~a papyrifera 

Ground layer (<0.5 m tal I) 
Pti I ium spp. 
Polyfr1chum spp. 
Vaccinium ul i~inosum 
Vaccin1um vitts-idaea 
Equisetum silvaticum 
Cornus canadensts 
Calamagrostis canadensis 
Gymnocarptum dryopter1s 
Mertensia paniculata 

" Number of .areas samp I ed was 2. 

White spruce 
Paper bl rch 

White spruce 
Paper birch 

White spruce 
Paper birch 

Bog b I ueber ry 
Mountain cranberry 
Wood I and. horseta i I 
Bunch berry 
Bluejoint 
Oak-tern 
Tall bluebell 

Average 
Cover** 
(percent) 

99 

73 
8 

68 

9 
5 
3 

3 
1 
3 

95 
15 

5 
15 

5 
10 
16 
38 
20 
10 

**lncrudes only those species ~~tith at least 5 percent cover in any one area 
sampled. 



TABLE W11 

COVER PERCENTAGES FOR TOTAL VEGETATION., VERTICAL STRATA, AND PLANT 
SPECIES IN CLOSED ASPEN DECIDUOUS VEGETATION/HABITAT TYPE* IN UPPER 
SUSITNA RIVER BASIN, SUMMER 1980 (FROM MCKENDRICK ET AL. 1982) 

Category 

Total vegetation 

Overstory (>10 em dbhl 
Betula papyrifera 
Populus fremul o1des 

Understory (2.5 - 10 em dbh) 
Betula papyrlfera 
Populus fremulo1des 

Shrub layer (>0.5 m tall, <2.5 em dbh) 
Picea glauca 
~a papyritera 
Betula glandulosa 
Rosa acicularis 
saTTx spp. 
POfiUTus tremuloides 

Ground layer (<0.5 m tal ll 
Ptllium spp. 
Polyfr1chum spp. 
Ledum decumbens 

-vaccTn 1 um u I i g i nosum 
Linnaea borealis 
Cornus canadensis 
Mertensia pan1culata 
Epilob.ium angustifol ium 
Geocau I on I iv i dum 
Spiraea beauverd1ana 
Vaccinium vitis-idaea 
Betula nana 
Viburnum edulis 
Lycopodium annotinum 
Lycopodium clavafum 

* Number of areas sampled was 1. 

Paper birch 
Tremb I i ng as pen 

Paper birch 
Trembling aspen 

White spruce 
Paper birch 
Resin birch 
Prickly rose 
Wi I low 
Trembling aspen 

Northern Labrador tea 
Bog b I ueberry 
Twinflower 
Sunchberry 
Tall bluebell 
Fireweed 
Sandalwood 
Beauverd spiraea 
Mountain cranberry 
Dwarf arctic birch 
Highbush cranberry 
Stiff c I ubmoss 
Running c I ubmoss 

**Includes only those species with at least 5 percent cover. 

Averaqe 
Coverl* 
(percent) 

99 

80 
5 

80 

5 
5 
5 

5 
5 
5 
5 
5 
5 
5 

85 
5 
5 

20 
10 

5 
80 

5 
5 
5 
5 

10 
5 
5 
5 
5 

-

-
-
-· 
-

"""*'· 

-

-
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TABLE W12 
COVER PERCENTAGES FOR TOTAL VEGETATION, VERTICAL STRATA, AND PLANT SPECIES 
IN CLOSED MIXED CONIFER DECIDUOUS FOREST VEGETATION/HABITAT TYPE* IN 
UPPER SUSITNA RIVER BASIN, SUMMER 1980 (FROM MCKENDRICK ET, AL, 1982) 

Category 

Total vegetation 

Overstory (>10 em dbh) 
Picea glauca 
Betula papyrifera 

Understory (2.5 - 10 em dbhl 
Picea glauca 
~a papyr•fera 

Shrub I ayer (>0.5 m tall, <2.5 em dbh) 

White spruce 
Paper birch 

White spruce 
Paper birch 

~ g I auca Wh i te spruce 

Ground layer (<0.5 m tall) 
Pti I ium spp. 
Empetrum nisrum 
V8CCintum Vlfts-idaea 
Equisetum si.lvaficum 
Cornus canadensis 
Rubus arcticus 
~agrosf1s canadensis 

*Number of areas sampled was 3. 

Crowberry 
Mountain cranberry 
Woodland horsetail 
Bunchberry · 
Nagoonberry 
Bluejoint 

Average 
Cover** 
(percent) 

98 

50 
33 
35 

8 
3 
4 

4 
3 

88 
40 

3 
8 

24 
13 
7 

30 

**Includes only those species with at least 5 percent cover Jn any one area 
sampled. 



TABLE W13 
COVER PERCENTAGES FOR TOTAL VEGETATION, VERTICAL STRATA, AND PLANT 
SPECIES IN OPEN MIXED CONIFER DECIDUOUS FOREST VEGETATION/HABITAT TYPE* 
IN UPPER SUSITNA RIVER BASIN, SUMMER 1980 (FROM MCKENDRICK ET AL, 1982) 

Category 

Total vegetation 

Overstory (>10 em dbh) 
Picea glauca 
~a papyrifera 

Understory (2.5 - 10 em dbh) 
Picea glauca 
ma papyrifera 

Shrub I ayer (>0.5. m tall, <2.5 em dbh) 
Picea glauca 
~a papyrifera 
Sa I 1 x novae-ang I I ae 

Ground I ayer (<0.5 m tal I) 
Feather rrosses 
Ptilium spp. 
Empefrum nigrum 
Ledum decumbens 
vaccTn 1 urn u I 1 ~ 1 no sum 
Vacc1n1um vifts-1daea 
Equ1sefum s1 lvaf1cum 
Cornus canadensis 
P1cea glauca . 
Calamagrostls canadensis 
Gymnocarpium dryopferis 

* Number of areas samp l eel was 8. 

White spruce 
Paper birch 

White spruce 
Paper bIrch 

White spruce 
Paper birch 
Tal I b I ueberry wi I I ow 

Feather rross 

Crowberry 
Northern Labrador tea 
Bog b I ueberry 
Mountain cranberry 
Woodland horsetail 
Bunchberry 
White spruce 
81 uejoint 
Oak-fern 

Avera~e 
Cover * 
(percent) 

100 

38 
20 
12 

7 
5 
1 

17 
2 
2 

11 

79 
18 
34 

6 
6 

16 
9 
3. 

13 
2 

11 
8 

**Includes only those species with at least 5 percent cover in any one area 
sampled. 

-

-
-

-
-
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TABLE W14 
COVER PERCENTAGES FOR TOTAL VEGETATION, VERTICAL STRATA, AND PLANT 
SPECIES IN WET SEDGE-ffiASS TUNffiA VEGETATION/HABlTAT TYPE* IN UPA:R 
SUSITNA RIVER BASIN, SUMMER 1980 (fROM MCKENDRICK ET AL, 1982) 

Category 

Total vegetation 

Shrub I ayer (>0.5 m tall, <2.5 an dbh) 
Salix planifolia ssp. pulchra Diamondleaf willow 
Salixspp. Willow 

Ground layer (<0.5 m tal ll 
Mosses, unidentified 
Sphagnum spp. 
Salix fuscescens 
~agrosfis canadensis 
Carex aquat i I is 
Carex b1gelow11 

~ Number of areas sampled was 3. 

Sphagnum moss 
As Iaska bog wi II ow 
Bluejoint 
Water sedge 
8 igel ow sedge 

Average 
Cover** 
(percent) 

99 

13 
8 
5 

86 
20 
22 

5 
14 
38 
23 

**Includes only those species with at least 5 percent cover in any one area 
sampled. 



TABLE W15 
COVER PERCENTAGES FOR TOTAL VEGETATION, VERTICAL STRATA, AND PLANT 
SPECIES IN MESIC SEDGE-ffiASS .TUNffiA VEGETATION/HABITAT TYPE* IN 
LIPPER SUSITNA RIVER BASIN, SUMMER 1980 <FROM MCKENDRICK ET AL, 1982) 

Category 

Total vegetation 

Ground layer (<0.5 m tall) 
Potytrichum spp. 
Sal1x spp. 
Carex bigelowi i 
Carex spp. 

* Number of areas sampled was 2. 

Hairy-cap moss 
Willow 
Bigelow sedge 
Sedge 

Averaqe 
Coverlt* 
(percent) 

65 

65 
5 

13 
30 

4 

**includes only those species with at least 5 percent cover in any one area 
sampled. 

-
-
~' 

-
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TABLE W16 
COVER PERCENTAGES FOR TOTAL VEGETATION, VERTICAL STRATA, AND PLANT 
SPECIES IN CLOSED MAT AND CUSHION TUNCRA VEGETATION/HABITAT TYPE* IN 
UPPER SUSITNA RIVER BASIN, SUMMER 1980 (FROM MCKENDRICK ET AL. 1982) 

Category 

Total vegetation 

Ground I ayer (<0.5 m tall l 
Lichens, unidentified 
Cladonia spp. 
Empetrum nigrum 
Ledum decumbens 
~n1um ul 1g1nosum 
Arctostaphylos~ 
Betula glandulosa 
Be:tula·nana 

*Number of areas sampled was 8. 

Crowberry 
Northern Labrador tea 
Bog blueberry 
Bearberry 
Resin birch 
Dwarf arctic birch 

Average 
Cover** 
(percent) 

78 

78 
14 
8 
8 
7 
8 
7 
6 

10 

**Includes only those species with at least 5 percent cover in any one area 
sampled • 



TABLE Wl7 
COVER PERCENTAGES FOR TOTAL VEGETATION, VERTICAL STRATA, AND PLANT 
SPECIES IN CLOSED TALL ALDER VEGETATION/HABITAT TYPE*·IN UPPER 
SUSlTNA RIVER BASIN, SUMMER 1980 (FROM MCKENDRICK ET Ale 1982) 

Category 

Total vegetation 

Understory (2.5 - 10 em dbh) 
Alnus sinuata 
~ crispa 

Shrub layer (>0.5 m tal I, <2.5 em dbh) 
Alnus sinuata 

7iTiiliS cr 1 spa 
~spp. 

Ground layer (<0.5 m tal I) 
Equisetum silvaticum 
R1bes spp. 
7iTi1US s i nuata 
~agrost1s canadensis 

* Number of areas sampled was 3. 

Sitka alder 
American green alder 

Sitka alder 
American green alder 
Currant 

Woodland horsetail 
Currant 
Sitka alder 
Bluejoint 

Average 
Cover** 
(percent) 

96 

57 
25 
32 

38 
28 
10 
8 

62 
31 

8 
7 

35 

**Includes only those species with at least 5 percent cover in any one area 
sampled. 

-
-
-

-· 
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TABLE Wl8 
COVER PERCENTAGES FOR TOTAL VEGETATION, VERTICAL STRATA, AND PLANT 
SPECIES IN CLOSED LON SHRUB VEGETATION/HABITAT TYPE* IN UPPER 
SUSITNA RIVER BASIN, SUMMER 1980 (FROM MCKENDRICK ET AL, 1982) 

Category 

Total vegetation 

Shrub layer (>0.5 m tal I, <2.5 em dbh) 
Betula glandulosa Resin birch 
Salix planifol ia ssp. pulchra Diamondleaf willow 

Ground layer {<0.5 m tall) 
Mosses, unidentified 
Feather mosses 
Empetrum nigrum 
Ledum decumbeos 
Ledum groenlandicum 
~nium ulisinosum 
Vacclnlum v1f1s-1daea 
Arctostaphylos rubra 
Betula glandulosa 
Betula nana 

* Number of areas sampled was 10. 

Feather moss 
Crowberry 
Northern Labrador tea 
Labrador tea 
Bog b I ueberry 
Mountain cranberry 
Red-fruit bearberry 
Resin birch 
Dwarf arctic birch 

Average 
Cover** 
(percent) 

93 

42 
10 
8 

52 
17 
6 
7 

18 
4 
8 
8 
6 

34 
9 

**Includes only those species with at least 5 percent cover in any one area 
sampled. 



TABLE W19 
COVER PERCENTAGES FOR TOTAL VEGETATION, VERT I CAL STRATA, AND PLANT 
SPECIES IN OPEN LOW SHRUB VEGETATION/HABITAT TYPE* IN UPPER 
SUSITNA RIVER BASIN, SUMMER 1980 (FROM MCKENDRICK ET AL. 1982) 

Category 

Total vegetation 

Shrub layer (>0.5 m tal I, <2.5 em dbh) 
Betula glandulosa 

Ground layer C<O.S m tal I) 
Feather mosses 
Ledum ~roenlandicum 
~n1um ui1Tinosum 
Betula glandu osa 
Carex aquati I is 

*Number of areas sampled was 2. 

Resin birch. 

Feather moss 
Labrador tea 
Bog blueberry 
Resin birch 
Water sedge 

Average 
Cover** 
(percent) 

100 

17 
5 

83 
13 
5 

15 
15 
43 

**Includes only those species with at least 5 percent cover in any one area 
sampled. 

-

-
-

-

-
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TABLE W20 

HECTARES AND PERCENTAGE OF TOTAL AREA COVERED BY VEGETATIVE 
CCMMUNITY TYPES IN THE DEVIL 1 S CANYON RESERVOIR AREA (MODIFIED 
FROM MCKENDRICK ET AT, 1982, BASED ON MAPS AT A SCALE OF 1 : 250,000) 

Vegetative Community 

Forest 
coni fer 

wood I and spruce 
open spruce 
closed spruce 

deciduous 
open birch 
c I osed birch 

Mixed 
open 
closed 

Tundra 
wet sedge 
mesic sedge 
herbaceous alpine 
mat and cushion 
mat and cushion/sedge 

Shrub land 
tal I shrub 
low shrubs 
birch 
wi I low 
mixed 

Unvegetated 
water 
rock 
snow and ice 

Total vegetated area 
Total area 

Hectares 

38,077 
6,655 
2,783 
3,872 

31,422 
15,570 
15,852 

71,073 

524 

13,311 
57,238 

49, 171 
30,656 
18,515 
13,029 

5,486 

15,895 
5, 125 

. 10,649 
121 

158,321 
174,216 

Percent of Total Area 

21.86 
3.82 
1.60 
2.22 

18.04 
8.94 
9.10 

40.80 

0.30 

7.64 
32.85 

28.22 
17.60 
10.63 
7.48 

3.15 

9.12 
2.94 
6. 1 1 
0.07 

90.88 
100.00 



TABLE W21 

PERCENT COVER IN EARLY SUCCESSIONAL STANDS ON DOWNSTREAM FLOOD
PLAIN OF SUS I TNA RIVER, SUMMER 1981 (FROM MCKENDR l CK ET AL, 1982 l 

Category 

Physical Features 
Water. 
Bare ground 
Grave I , cobb I es 

Vegetation Categories 
Litter 
Standing dead 
Perennial grasses 
Perennial forbs 
Mosses 
Lichens 
Low shrubs 
Tall shrubs 
Trees 
Total vegetation 

Vegetation by Species or Genus 
Equisetum varie~atum 
Poyulus balsam1 era 
Sa IX alaxensis 
Sa I i x novae-ang I i ae 
-saTiX arbuscu I o ides 
sarrx sp. 
1i5Tragalus sp. 
Hedysarum sp. 
Calamagrostis canadensis 
Eriophorum sp. 
Sci rpus sp. 
Alnus tenuifolia 
ATiiiJSs1nuafa 
A"rf8rii1 s 1 a te I es i i 
Nephroma sp. 

Variegated horseta i I 
Balsam poplar 
Feltleaf willow 
Tall blueberry willow 
Little tree willow 
Wi I low 

• M i I k-vetch 
Sweet-vetch 
Bluejoint 
Cottongrass 
Bull rush 
Thinleaf alder 
Sitka alder 
Wormwood 
Nephroma 

Mean 
(percent) 

+ 
53 

2 

13 
+ 
1 

25 
+ 
+ 
4 
+ 
8 

38 

25 
8 
4 
1 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

-

-
~, 

-
-
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TABLE W22 

PERCENT COVER IN IMMATURE BALSN-1 POPLAR STANDS ON DOWNSTREN-1 
FLOODPLAIN, SUMMER 1981 (FROM MCKENDRICK ET AL, 1982) 

Category 

Physical Features 

Vegetation Categories 
Ltffer 
Standing dead 
Perennial grasses 
Perennial forbs 
Mosses 
Low shrubs 
Tal I shrubs 
Trees 
Total vegetation 

Vegetation by Species or Genus 
Populus balsamifera 
Alnus fenu1tol ta 

"'ATii"ij'5 s i n u a fa 
~agrostis canadensis 
Viburnum edule 
Arfem1s1a~si i 
Herac!eum lanafum 
Mertensia paniculata 
Rosa actcularis 

""P"T'C'ea g I au c a 
Sa It x novae-ang I i ae 
Pyrota secunda 
Pyrola sp. 
Rubus idaeus 
"'SaiiQu"i sorba st i pu I ata 
Galiumsp. 
Matteuccia struthiopteris 
Sfrepfopus amplextcaul ts 

Sal sam pop I ar 
Thinleat alder 
Sitka alder 
Bl uejoint 
Hi ghbush cranberry 
Wormwood 
Cow parsnip 
Tall bluebell 
Prickly rose 
White spruce 
Tall blueberry willow 
One-sided wintergreen 
Wintergreen 
Raspberry 
Sitka burnet 
Bedstraw 
Ostrich tern 
Cucumber-root 

Mean 
(percent) 

95 
+ 

23 
9 
+ 
6 

48 
62 
91 

62 
40 

8 
23 

3 
3 
1 
1 
3 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 



TABLE W23 
PERCENT COVER IN BIRCH-SPRUCE STANDS ON DOWNSTREAM 
FLOODPLAIN, SUMMER 1981 (FROM MCKENDRICK ET AL. 1982) 

Category 

Vegetation Categories 
Litter 
Standing dead 
Perennial grasses 
Perennial forbs 
Mosses 
Low shrubs 
Tall shrubs 
Trees 
Total vegetation 

Vegetation by Species or Genus 
Betula papyritera 
Picea glauca 
~·tenuifolia 

iliTilli'S s 1 n u a fa 
vrE'U'rnum edu I e 
Ribes spp-;-
"R'O'S'aac i cu I ar i s 
"Cal"'amagrosf 1 s canadensis 
Dryopfer1s d1 Iafata 
Gymnocarpium sp. 
Echinopanax horridum 
Cornus canadensiS 
Merfensta pantculata 
Rubus idaeus 
~bium an¥ustifolium 
Ep 1 I ob.1 urn I a 1 to I 1 um 
Sa It x novae-ang I i ae 
Rubus sp. 
Rubus arcticus 

· TrTeii"ta I is europaea 

Paper birch 
White spruce 
Thinleat alder 
Sitka aider 
Highbush cranberry 
Currant 
Prickly rose 
Bl uejoint 
Spinulose shield-tern 
Oak-fern 
Dev i I 1 s c I ub 
Bunchberry 
Tal I bluebell 
Raspberry 
Fireweed 
Dwarf f i reweed 
Tal I blueberry willow 
Bramble 
Nagoonberry 
Arctic starflower 

illean 
(percent) 

100 
+ 

18 
44 

1 
40 
14 
52 
93 

42 
12 
10 
5 

19 
5 

20 
18 
7 
4 
4 
1 
1 
3 
1 
+ 
+ 
+ 
+ 
+ 

.~ 

-

-

-
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TABLE W24 
HECTARES AND PERCENT OF TOTAL AREA COVERED BY VEGETATION/ 
HABITAT TYPES WITHIN THE HEALY TO FAIRBANKS TRANSMISSION 
CORRIDOR (FROM MCKENDRICK ET AT, 1982) 

Vegetative/Habitat Type* Hectares Percent 

Forest 86,830 
Wood 1 and spruce l, 812 
Open spruce 31 '739 
Closed spruce 1,347 
Woodland deciduous 993 
Open deciduous 12,553 
Closed deciduous 10,384 
Wood I and coni fer-deciduous 961 
Open confier-deciduous 12,502 
Closed confier-deciduous 4,125 
Open spruce/open deciduous 948 
Open spruce/wet sedge-grass 1,993 

open deciduous 
Open spruce/low shrub/wet 7,008 

sedge-grass/open deciduous 
Open spruce/low shrub 465 

Tundra 4,407 
Wet sedge-grass 2,268 
Sedge grass 277 
Sedge shrub 566 
Sedge-grass/mat and cushion 1,296 

Shrubland 17, 199 
low mixed shrub 15,405 
wi I low shrub 58 
low shrub/wet sedge-grass 1, 736 

Agricultural land 175 

Disturbed 431 

Unvegetated 2,467 
Lakes 196 
River 2,143 
Gravel 128 

Total Area 111,509 

*The Tana~a Flat portion of the transmission corridor is an area of 
extremely complex mosaics of various vegetation types. As a result, 
various complexes were recognized. 

of Total 

77.9 
1.6 

28.5 
1.2 
.9 

11.3 
9.3 
0.9 

11.2 
3.7 
0.9 
1.8 

6.3 

0.4 

3.9 
2.0 
0.2 

.5 
1.2 

15.4 
13.8 

.05 
1.6 

.2 

.4 

2.2 
.2 

1.9 
• 1 

100.0 

Area 



TABLE W25 
HECTARES AND PERCENT OF TOTAL AREA COVERED BY VEGETATION/ 
HABITAT TYPES WITHIN THE WILLOW TO COOK INLET TRANSMISSION 
CORRIDOR CFROM MCKENDRICK ET AL, 1982) 

Vegetative/Habitat Type* Hectares Percent of Total 

Forest 25,851 67.0 
Woodland spruce 2,457 6.3 
Open spruce 3,402 8.8 
Glosed spruce 3,226 8.4 
Open birch 16 .04 
Closed birch 3,638 9.4 
Open balsam pop I ar 100 .3 
Closed ba.lsam poplar 172 .5 
Open conifer-deciduous 1,697 4.4 
Closed conifer-deciduous 11' 143 28.9 

Wet sedge-grass 9,123 23.7 

Shrub land 2,213 5.7 
Closed tall shrub 92 .2 
Low mixed shrub 2, 121 5.5 

Lakes 1,011 2.6 

Disturbed 381 1.0 

Total Area 38,579 100.0 

Area 

-
~·· 

-
~ 
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-

-
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TABLE W26 
HECTARES AND PERCENT OF TOTAL AREA COVERED BY VEGETATION/ 
HABITAT TYPES WITHIN THE DA.'-1 TO INTERTIE TRANSMISSION 
CORRIDOR CFROM MCKENDRICK ET AL. 1982) 

Vegetative/Habitat Type* Hectares Percent of Total 

Forest 34,388 35.3 
Woodland spruce-black 3,028 3.2 
Woodland spruce-white 4,957 5.2 
Open spruce-black 2,527 2.7 
Open spruce-white 4,284 4.5 
Op~n birch 805 .9 
C I osed birch 1' 749 1.8 
Closed balsam poplar 449 .5 
Open conifer-deciduous 5, 119 5.4 
Closed confier-deciduous 11,469 12.1 

Tundra 24,975 26.3 
Wet sedge-grass 314 .3 
Sedge grass 3,670 3.9 
Sedge shrub 5,870 6.2 
Mat and cushion 15, 121 15.9 

Shrub land 31 '548 33.3 
Open tal I shrub 4,717 5.0 
Closed tall shrub 5,696 6.0 
Birch shrub 10,909 11.5 
W r I I ow shrub 1,169 1.2 
Mixed low shrub 9,057 9.5 

Grassland 109 • 1 

or sturbed 10 .01 

Unvegetated 3, 778 4.0 
Lake 608 .7 
River 1,438 1.5 
Rock 1 '542 1.7 

Total Area 94,808 100.0 

Area 



Vegetation/Habitat 
Type 

Forest 
Wood I and spruce
black 

Wood I and spruce-
white 

Open spruce-black 
Open spruce-while 
Open birch 
Closed birch 
Closed balsam poplar 
Open oon i fer-

deciduous 
Closed coni fer

deciduous 
Tundra 

Wet sedge-grass 
Sedge-grass 
Sedge shrub 
Mat and cushion 

Shrub land 
Open tall shrub 
Closed tall shrub 
BIrch shrub 
Wi I low shrub 
'~ixed low shrub 

Herbaceous 
Grass I and 
Disturbed 
U nveget ated 

Rock 
Snow and Ice 
R.iver 
Lake 

Total 

Dam and 
Spillways 

34 

8 

1 
13 

46 
6 

17 
1 

22 

13 
1 

12 

93 

5 

7 

TABLE W27 
HECTARES OF DIFFERENT VEGETATION TYPES TO BE IMPACTED BY THE WATANA 
FACILITY COMPARED WITH TOTAL HECTARES OF THAT TYPE IN THE ENTIRE 
UPPER BASIN AND IN THE AREA WITHIN 16 KM OF THE SUSITNA RIVER 

Impoundment 

10784 

3870 

397 
2864 

769 
325 
460 

3 

1337 

759 
84 
84 

1719 
227 
287 
443 

66 
651 
45 

2104 
59 

2007 
38 

14691 

Camp 

63 

34 

29 

63 

Borrow Areas 

Village Airstrip A D E F H 

62 17 

35 13 

27 4 

8 

8 

181 53 180 

179 16 

71 

2 62 

5 

32 

70 8 
8 

70 
81 224 

1 
1 12 
4 88 

75 124 

2 
2 

47 

81 451 

224 

69 

11 
121 

106 

199 38 

195 
4 17 

21 

34 

15 

19 

Total 

11798 

4297 

537 
3000 

844 
326 
478 

3 

1480 

833 
162 
92 

70 
2449 

234 
317 
813 
87 

953 
45 

2128 
62 

2019 
47 

10 17 333 287 180 280 489 34 16537 

* An area 16 km on elt~r side of the Susltna River from Gold Creek to the mouth of the Maclaren River. 

Percent of 
Upper Bas In 
Total For 
That Type 

3.4 

3.1 

3.1 
4.0 
4.0 

33.7 
148 .0** 
*** 

6.4 

5.2 
0.1 
1 .9 

0.1 
0.4 
0.4 

2.4 
0.8 
0.2 

0.8 
0.1 

13.7 
0.2 

1.0 

Percent of 
16 km* 

Area For 
That Type 

8.3 

6.8 

4.0 
10.6 
8.o 

21.8 
20.5 
0.5 

15.4 

6.3 
0.1 
2.6 

0.1 
1 .4 
1 .5 
2.0 
1.9 
1 .o 
1 .o 

250.0 

7.9 
0.4 

47.7 
o.8 

3.6 

**Hectares of closed birch are apparently greater In the Impact areas than for the entire basin, because the basin was mapped at a much 
smaller scale, and many of the closed birch stands did not appear at that scale. 

***Areas of this type were too small to be mapped at the scale of which the upper Susltna River basin was mapped. 

J 
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Vegetation/Habitat 
Type 

Forest 
Wood I and spruce
black 

Woodland spruce-
white 

Open spruce-black 
Open spruce-white 
Open birch 
Close birch 
Open balsam poplar 
Closed balsam poplar 
Open coni fer-

deciduous 
C I osed con I fer

deciduous 
Tundra 

Wet sedge-grass 
Sedge grass 
Sedge shrub 
Mat and cushion 

Shrub land 
Open tal I shrub 
Closed tall shrub 
Birch shrub 
Willow shrub 
Mixed low-shrub 

Herbaceous 
Grassland 
DIsturbed 
Unvegetated 

Rock 
Snow and Ice 
River 
Lake 

Total 

TABLE W28 
HECTARES OF DIFFERENT VEGETATION TYPES TO BE IMPACTED BY THE DEVIL 
CANYON FACILITY COMPARED WITH TOTAL HECTARES OF THAT TYPE IN THE 
ENTIRE UPPER BASIN AND IN THE AREAS WITHIN 16 KM OF THE SUSITNA RIVER 

Dam and 
Spillways 

16 

4 

3 

7 

2 

2 

18 

I mpou ndme nt 

2289 

133 

20 
300 
329 

57 
439 

6 
8 

279 

727 
11 
11 

70 
2 
1 

49 
,14 

4 

826 
15 

810 
1 

3 196 

Camp VIllage 

36 39 

36 39 

36 39 

Borrow 
Area K 

119 

11 

108 

18 

18 

11 

11 

148 

Percent of 
Upper Basin 
Total For 

Total That Type 

2 499 0.7 

133 0.3 

20 0.3 
315 1.3 
329 1.3 

57 5.9 
433 133. 7** 

6 *** 
8 *** 

286 1 .2 

912 5.7 
11 0 .o 
11 0.2 

88 o.o 
2 o.o 
1 0 .o 

67 0.2 
14 0.1 
4 o.o 

839 0.3 
15 0 .o 

811 5.6 
13 0.1 

3 437 o.2 

Percent of 
16 km* 
Area For 

That Type 

1.8 

0.2 

0.2 
1 .1 
3.2 
3.8 

18.6 

1 .4 

3.0 

6.9 
o.o 
0.3 

0.1 
o.o 
o.o 
0.1 
0.2 
o.o 

3.1 
0 .I 

19.2 
0.2 

0.7 

* An area 16 km on either side of the Susltna River from Gold Creek to the mouth of the Maclaren River. 
**Hectares of closed birch are apparently greater In the Impact areas than for the entire basin, because the 

basin was mapped at a much smaller scale, and many of the closed birch stands did not appear at that 
scale. 

***Balsam poplar stands were to small to be mapped at the scale of which the upper Susltna River basin was 
mapped. 

l 
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TABLE W29 
PROXIMITY TO ~~E SUSITNA RIVER OF RELOCATIONS OF 9 MALE (M) AND 29 FEMALE (f) 
t!OOSE RAD I 0-COLLARED ALONG THE SUS ITNA RIVER BETWEEN DEVIL CANYGI At-D THE 
DELTA ISLANDS, ALASKA, 1980-81 (from Modafferi 11982)) 

Number Distance of Relocations from River (ml) 

Locatlon 1 Sex Individuals Relocations River 0-1 1-3 3-5 5-10 10-15 15-20 

Upstream 
22 M 74 3 36 29 6 

F 10 222 21 82 90 22 6 0 

Downstream 
63 Westside M 162 13 10 55 21 43 0 19 

F 15 403 101 41 67 14 87 74 19 

Eastside M 14 45 0 0 2 0 9 11 

F 45 166 5 4 17 32 77 22 9 

Upstream - rroose captured north of Talkeetna. 
Downstream - moose captured south of Talkeetna. 
Westside - captured moose that spent the breeding season to the west of the Susltna River. 
EastsIde - captured moose that spent tha breeding season to the east of the Sus ltna R lver. 

2 One Individual studied 1-1/2 years. 

3 One Individual studied 1-1/2 years. 

4 Individual studied for 1-1/2 years. 

5 Three Individuals studied for 1-1/2 years. 

J c~ ] J J J J j 

20+ 

22 

:1 -.J J 
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TABLE W30 
SUMMARY ·Q=" MOOSE CENSUS DATA AND SUBSEQUENT FOPULATJON 
ESTIMATES FCR COUNT AREAS 7 AND 14 DERIVED FRCM SURVEYS 
CONDUCTED ALONG 11-iE SUS I TNA RIVER FRa-1 f\OVEMBER 5 
THROUGH NOVEMBER 8, 1980 

CT ab I e mod 1 f 1 ed from Ba I I ard et a I • [ 1 982 1 ) 

Moose Density Stratum Low Medium High 

Number of sample areas 11 9 6 
censused 

Total number of samples 26 27 18 
areas In each stratum 

Area of each stratum (km2) 864 920 663 

Moose density per stratum . 1 .125 1.847 3. 726 

R:>pul atlon estimate per 375 656 954 
stratum 

Total population estimate 
90% Cl = 1986 + 371 

S I ghtab II lty correct I on 
factor= 1.03 

Corrected population 
estimate = 2046 + 382 



TABLE W3l 
DENSITY CMOOSE/KM OF RIVER> OF MOOSE OBSERVED ON 3 AERIAL 
CENSUSES IN 4 ZONES OF RIPARIAN HABITAT ALONG THE SUSITNA 
RIVER FROM COOK INLET TO DEVIL CANYON, ALASKA, 1981-82 

( Fran i"'Cd a f fer 1 [1982 a, bl) 

Aerial census numberb 

R1ver Zonea 2 3 

0.45 0.23 0.10 

II 0.53 0.63 0.17 

Ill 2.26 2.94 2.06 

IV 3.08 2.40 2.30 

All zones 1.50 1.41 1 .11 

a 1 =Devil Canyon to Talkeetna; 80 km. 
I I = Ta I keetna to fl.bntana Creek, 30 km. 

II I =Montana Creek to Yentna River, 65 km. 
IV = Yentna River to Cod< lnlet, 40 km. 

b 1 = December 9 - 10, 1981. 
2 =December 28, 1981 and January 4, 1982. 
3 = February 2 and 6, 1982. 
4 = March 1 ... 2, 1982. 
5 = ~~arch 23 - 24, 1982. 
5 = Apr I I 1 2, 1 982. 

4 

o.o9 

0.57 

3.66 

2.68 

1. 72 

5 

0.31 

0.83 

2.55 

1.03 

1.20 

-

6 

0.09 

0.60 

0.88 

NA 

0.47 

~I 



TABLE W32 
SUMMARY <F MOOSE SEX AND AG:: COMFDSITION DATA COLLECTED ANNUALLY 
IN CA 6 IN GAl-E W.NAGEJ'.ENT UN IT 13 OF SOUTHCENTRAL ALASKA 

<Table modified from Ballard et al. [19821> 



Date 

1957 
1 958 
1959 
1960 
1961 
1962 
1 963a 
1964b 
1 965" 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 

Remarks: 

TABLE W33 
SUMMARY CF MOOSE SEX AND AGe COMFOS IT ION DATA COLLECTED ANNUALLY 
IN CA 7 l N GAME MA.NAGE!'-ENT UNIT 1 3 OF SOUTHCENTRAL ALASKA 

(Table modified from Ballard et al. [19821) 

nc ence 
of Twins 

Total Small Calves Fer 100 
Males Per Moose % per 100 Females Calf % 
100 Females In Herd Females With Calf In Herd 

N 0 D AT A 
N 0 D A T A 
N 0 D A T A 
N 0 D AT A 
N 0 D A T A 
N 0 D A T A 

47.7 3.3 38.5 o.o 20.7 
39.7 6.3 31.4 2.8 18.4 
59.8 7.8 16.2 o.o 9.2 
48.3 3.8 20.1 o.o 1 1 .9 
41 .o 4.4 20.6 2.5 12.8 

N 0 D A T A 
N 0 D A T A 

34.7 5.0 42.1 8.6 23.6 
26.3 5.3 33.2 7.1 20.8 
20.6 2.0 1 7.5 3.7 12.6 
21.9 6.0 16.3 2.9 1 1 .8 
12.6 3.0 28.3 6.3 20.1 
1 o.o 3.4 15.9 4.8 12.7 
12.3 3.2 21.6 7.1 1 6.1 
10.8 3.0 28.7 6.0 20.6 
1 4.8 5.9 20.2 4.1 1 5.0 
8.8 1.8 23.3 5.8 17.7 

13.3 5.6 25.1 1 .1 17.9 
14.2 3.4 31.6 o.o 21.7 

~ />rea boundary change - check maps 1969, kea No. 7. 
Early 1965 data used for 1964. 

-Total 
Sample 

'"""' 

121 
207 
412 
293 -642 

864 
624 
665 
890 
672 
695 -, 
865 
954 

1030 
838 
946 

1284 

1"1'1 

~! 
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Date 

1957 
1958 
1959 
1960 
1961 
1962 
1963a 
1964b 
1965a 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 

TABLE W33 
SUMMARY a= MOOSE SEX AND AG;: Cef.1FOS IT ION DATA COLLECTED ANNUALLY 
IN CA 7 IN GAME MANAGEMENT UNIT 13 OF SOUTHCENTRAL ALASKA 

(Table modified from Ballard et al. [19821) 

nc ence 
of Twins 

Total Small Calves Per 100 
Males Per ~ose% per 100 Females Calf % 
100 Females In Herd Females With Calf In Herd 

N 0 D AT A 
N 0 0 A T A 
N 0 D A T A 
N 0 DATA 
N 0 D AT A 
N 0 D A T A 

47.7 3.3 38.5 o.o 20.7 
39.7 6.3 31 .4 2.8 18.4 
59.8 7.8 16.2 o.o 9.2 
48.3 3.8 20.1 o.o 11 .9 
41 .o 4.4 20.6 2.5 12.8 

N 0 0 AT A 
N 0 0 A T A 

34.7 5.0 42.1 8.6 23.6 
26.3 5.3 33.2 7.1 20.8 
20.6 2.0 1 7.5 3.7 12.6 
21.9 6.0 16 •. 3 2.9 11 .8 
12.6 3.0 28.3 6.3 20.1 
1 o. 0 3.4 15.9 4.8 12.7 
12.3 3.2 21.6 7.1 16.1 
10.8 3.0 28.7 6.0 20.6 
14.8 5.9 20.2 4.1 1 5.0 
8.8 1.8 23.3 5.8 17.7 

1 3.3 5.6 25.1 1 • 1 17.9 
14.2 3.4 31 .6 o.o 21.7 

Remarks: ~ Area boundary change- check maps 1969, Area No. 7. 
Early 1965 data used for 1964. 

Total 
Sample 

121 
207 
412 
293 
642 

864 
624 
665 
890 
672 
695 
865 
954 

1030 
838 
946 

1284 



TABLE W34 
SUMMARY CF MOOSE SEX AND AGE CCMRJS IT ION DATA COLLECTED ANNUALLY 
INCA 14 IN GAr-£ fvlANAGEr-ENT UNIT 13 OF SOUTHCENTRAL ALASKA 

(Table modified from Sal lard et al. [198211 

nc ence 
of Twins 

Total Small Calves Per l 00 
Males Per M:>ose % per 100 Females Calf% Total 

Date 100 Females In Herd Females With Calf In Herd Sample 

1955a 105.6 10.5 73.2 10.6 26.0 200 
1956 N 0 D A T A 
1957 72.5 5.2 50.3 4.9 22.6 381 
1958a 86.8 5.0 37.0 7.4 16o6 441 
1959 N 0 D A T A 
1960a 71 • 1 8.6 56.7 21 .4 24.5 139 
1961 a 62.0 12.2 55.7 7.6 25.6 555 
1962 56.3 1 o.1 23.8 1.8 13.2 416 
1963 N 0 D A T A 
1964 N 0 D A T A 
1965 28.6 7.2 21.6 o.o 14.4 278 
1966a 20.0 5.9 33.5 o.o 21 .a 238 
1967 39.0 3.9 34.1 2.9 19.7 355 
1968a 9.4 2.8 36.5 3.8 25.0 108 
1969 17.5 4.0 40.1 2.0 25.4 405 
1970 19.4 2.2 44.4 2.1 25.9 185 
1971 27 o1 5.7 20.7 5.0 14.0 300 
1972 21.4 6.2 25.5 o.o 17.4 288 
1973 22.0 5.1 17.3 2.0 12.4 411 
1974 15.4 3.4 35.2 3.7 23.4 500 
1975 9.9 3.3 21.7 1.9 16.5 333 
1976 9.2 3.6 19.9 3.0 15.4 447 
1977 N 0 D A T A 
1978 20.5 6.6 18.3 2.0 13.2 379 
1979 N 0 D A T A 
1980 13.7 7.4 16.2 3.8 12.5 447 
1981 N 0 D A T A 

Remarks: a Area boundary change - check maps. 
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TABLE W35 

SUMMARY OF MOOSE SEX AND AGE COMPOSITION DATA OBTAINED DURING 
SURVEYS OF RIPARIAN COMMUNITIES ALONG THE LOWER SUSITNA RIVER 

(Based on fo.bdafferl l 1982al l 

Incidence 
w ns 

Total Mates Calves Fer 100 Calf 
Fer 100 Fer I 00 Females % In Total 

River Zonea Females Females With Calf Herd Sample 

40.0 40.0 o.o 22.2 36 

II 37.5 62.5 25.0 31 .3 16 

Ill 10.9 45.7 13.5 30.6 147 

IV 33.3 53.0 12.9 28.5 123 

TOTAL 23.1 48.4 12.5 28.9 322 

a I = Devil canyon to Talkeetna. 
II = Talkeetna to t-bntana Creek. 

Ill = Montana Creek to Yentna River. 
IV = Yentna RIver to Cook Inlet. 



calving, 
HabItat Cows 

Spruce forest o.o 

Tundra-herbaceous 72.5 

Shrub I and 26.7 

Bare substrate o.a 

Total slghtlngs 120 

TABLE W36 

ffiOF\JRT I ON CF RAO I 0-COLLARED CAR I SOU 
SIGlTINGS IN EACH VEGETATION TYPE 

<Data from Pitcher 19B2a> 

summer Autumn Rut, WI nfer, 
Bu II s Cows Bulls ·Cows 

24.6 36.4 25.0 56.5 

37.9 29.1 20.8 1 1.6 

37.9 16.4 41.7 24.3 

3.3 1 a.2 1 2.5 5.5 

30 55 24 164 

Spr lng Fofal 
Bu Its Cows Bulls -77.7 34.2 50.9 

9.3 36.0 19.4 

9.3 23.9 24.1 
,..,!!fl 

3.7 5.9 5.6 

54 339 108 
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TABLE W37 

NELCHINA CARIBOU HERD FOPULATION ESTIMATES 
(Fall estimates for years after 1962) 

Total Female Male Calf 
Year Estimate Estimate Estimate Estimate 

1955 40,000a 
1962 71 , ooob 
1967 61 ,oooc 
1972 7,842 4,800 1,622 1 ,420 
1973 7,693 4,646 1,268 1. 779 
1976 8,081 4,979 1 ,663 1 '439 
1977 13,936 7,509 2,868 3, 559 
1978 18,981 9,866 4,429 4,686 
1980 18,713 d 9,164 5,673 3,876 
1981 20,730 10,172 6,195 4,364 

a Watson and Scott (1956l, February census. 
b Slnlff and Skoog {1964l, February census perhaps should be adjusted 

downward by as many as 5,000 caribou due to presence of Mentasta herd. 
c Felt by some to be an unreasonably high estimate. 
d Preliminary estimate, awaiting final female harvest data. 



Year 

1972 
1973 
1974 
1975 
1976 
1977 
1976 
1979 
1980 
1981a 

TABLE W38 

REPORTED HUNTER HARVEST OF THE NELCH\NA 
CARIBOU HERD, 1972-1961 

F'emales t:lales 
Total Harvest No. (~) No. 

555 153 (28) 338 
629 203 (33) 411 

1 ,036 343 {34) 656 
669 201 (31) 441 
776 201 (26) 560 
360 77 (22) 275 
539 111 (21) 416 
630 90 ( 14) 509 
621 117 (21) 453 
856 144 { 18) 675 

a Pre I i m i nay data. 

(~) 

(72) 
(57) 
{56) 
(59) 
(74) 
(76) 
{79) 
(81) 
(79) 
(82) 

~I 
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Year 

1950 
1967 
1968 
1973 
1974 
1976 
1977 
1978 
1980 
1981 

*A legal 

Legal 
Rams* 

10 
6 
4 
4 
5 
9 
2 

TABLE W39 
COMPILATION OF HIGHEST YEARLY COUNTS COMPLETED 
IN WATANA HILLS SHEEP TREND COUNT AREA 

% Legal % 
Lambs ToTa I Rams Lambs Surveyor 

0 Scott 
230 Ni cools 
183 26.6 Nicools, AugusT 

40 176 5.6 22.7 Mcilroy, AugusT 
18 76 7.9 23.7 Harkness, Apri I 
30 130 3.1 23.0 Eide, AugusT 
33 152 2.6 21 .7 Spraker, July 11 
34 189 2.6 18.0 Eide, July 23 
42 174 5.1 24.1 Tobey, July 22 
43 209 >1.0 20.6 WesTlund, July 28 

ram is def i ned as t'av i ng a 3/4 curl or greaTer h::lrn. 
Beginning In 1979 a legal ram is def l ned as having a 7/8 curl or greaTer 
oorn. 



Date 

5/06 
5/08 
5/09 
5/13 
5/14 
5/18 
5/21 
5/22 
5/23 
5/24 
5/25 
5/26 
5/27 
5/30 
6/02 
6/03 
5/03 

.6/04 
6/05 
6/06 
6/07 
6/08 
6/09 
6/10 
6/11 
6/12 
6/13 
6/13 
5/14 
6/15 
6/15 
6/16 
6/17 
6/19 
6/19 
6/21 
6/24 

a Bluff 

Time 

a.m. 
1645 
0900 
1355 

1700 
1145 
1840 
1152 
1808 
2225 

1405 
1408 
1926 
1900 
2146 
2025 
2115 

0955 

1939 
1154 
1154 
0933 
1509 
1509 
1102 
1155 
1000 
1000 
1545 
0847 

TABLE W40 
NUMBER AND AGE-SEX CLASSIFICATION OF SHEEP OBSERVED AT 
JAY CREEK MINERAL LICKS FROM MAY 6 THROUGH JUNE 24, 1981 

Location Sheep Ewes Year I i ngs Lambs 

West sidea 5 
West side 15 2 2 
West side 4 
West side 2 
West side 4 
West side 4 
West side 8 
West side 8 1 1 
East side 9 2 1 
West sideb 9 1 2 
East side 14 1 1 

0 
0 

East side 5 
0 

Upstream E.c 1 
Upstream W. 9 

0 
East side 9 
West side 9 
East side 9 
East side 10 
West side 7 7 
West side 4 2 2 
West side 4 3 
Upstream 10 
East side 1 1 
Upstream w. 7 4 3 

0 
West side 4 4 
Upstream 3 2 
Upstream w. 4 3 
Upstream E. 1 1 
Upstream 1 4 
West side 1 1 
West side 14 
West side 7 

on western bank of lower Jay Creek. 

b Directly across Jay Creek from above site. 

c Two miles upstream from above site. 

-
Rams 

6 
~ 

5 
6 

6-7 
12 

1 
9 
0 
9 ~ 

-
.... ; 
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TABLE W41 
NUMBER OF AERIAL BROWN BEAR OBSERVATIONS BY 
MONTH IN EACH OF 5 MAJOR HABITAT CATEGORIES 

(From Miller and MeAl I ister [1982]) 

October/ All 
Habitat May June July Ausust September A~ri I Months 

Spruce 44 50 17 16 9 5 141 
% of Months 31 .2 35.5 12.1 11.3 6.4 3.5 (25.0) 
% of Habitats 31 .o 29.6 19.3 17.6 25.0 13.2 

..... 
Riparian 16 26 22 20 4 1 89 

% of Months 18.0 29.2 24.7 22.5 4.5 1 • 1 (15.8) 
% of Habitats 11 .3 15.4 25.0 22.0 11 .1 2o6 

"""" 
Shrub land 39 75 46 52 21 5 238 
% of Months 16.4 31.5 19.3 21 .a 8.8 2.1 (42.2) 

~ % of Habitats 27.5 44.4 52.3 57.1 58.3 13.2 

Tundra 12 14 1 1 0 0 28 
% of Months 42.9 50.0 3.6 3.6 0 0 (5.0) - % of Habitats 8.5 8.3 1 • 1 1 • 1 0 0 

Other 31 4 2 2 2 27 68 -, % of Months 45.6 5.9 2.9 2.9 2.9 39.7 (12.1} 
% of Habitats 21.8 2.4 2.3 2.2 5.6 71.1 

All Habitats 142 169 88 91 36 38 564 - (25.2) (30.0) ( 15 .6) (16.1) (6.4) (6.7) (100.0) 
I·.:· 
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Area 

Kodiak Island, AK 

Yellowstone 
National Park 

Sout twestern 
Yukon 

Nortrern Yukon 

Western Montana 

Nel china Basin 

Nort twestern 
Alaska 

TABLE W42 

COMP AR I SON OF REPORTED HOME RANGE S I Z ES OF 
BROWN/GRIZZLY BEARS IN NORTH AMERICA 

(Adapted from Reynolds, 1980) 

Mean 
Sample Home R~nge 

Sex Size ( km ) Source 

M 7 24 Burns et al, 1977 
F 23 12 

M 6 161 Craighead, 1976 
F 14 73 

M 5 287 Pearson, 1975 
F 8 86 

M 9 414 Pearson, 1976 
F 12 73 

M 3 513 Rockwell et al, 
F 1 104 1978 

M 14 790 This study ( 1978 and 
F 19 316 1980 resu I ts on I y) 

M 8 1350 Reynolds, 1980 
.F 18 .344 

-

~ 

.._. 

·'!'l'lli 

-
-
1~. 

,.~-t 

-

-



J 

TABLE W43: DENSITIES OF SELECTED NORTH AMERitAN BROWN BEAR POPULATIONS 

mi 2/Bear 

0.6 

6.oa 

8.2 

11.0 

9-11 

16-24 

88 (16-300)C 

100 

km2/Bear 

1. 6 

15.5 

21.2 

28.5 

23-27 

41-62 

288 (42-780)C 

260 

(From Miller and McAllister [1982]). 

Location 

Kodiak Island, AK 

Alaska Peninsula, AK 

Glacier National Park, Montana 

Glacier National Park, BC 

SW Yukon Territory 

Upper Susitna River, AK 

Western Brooks Range (NPR-A), AK 

Eastern Brooks Range, AK 

a Data refer to an 1,800 mi2 intensively studi~d area of the central Alaska Peninsula. 

b Taken from Pearson, 1975. 

Source 

Troyer and Hensel, 1964 

Unpublished data (Glenn pers. comm.) 

Martinka, 1974b 

Mundy and Flook, 1973b 

Pearson, 1975 

Mil ler and Ballard, 1980 

Reynolds, 1980 

Reynolds, 1976 

c Mean is for the entire National Petroleum Reserve, Alaska; the range represents values for different 
habitat types in this reserve. The highest density occurred in an intensively studied experimental area. 



M 
Average 

Spring Age 
Subpopulatlons (Years) 

GMU 13 fall 
harvests, 
1970-1980 8.0 

1979 Upper Susltna 
studies (Miller & 
Ballard 1980) 7.4 

Upper Susitna Basin 
(1980-1981): all 
captures 7.7 

Radlo-callared 
bears ( 1980-1981) 
with >5 captures 6.0 

TABLE W44 
AVERAGE AGE AND SEX RATIOS OF BROWN BEAR POPULATIONS IN THE 
UPPER SUSITNA AND NELCHINA RIVER BASINS 

(from Miller and MeAl I ister 1982) 

a I e s F e m a I e s 
Average Average 

Spring Age Both Sexes 
(Range) n (Years) (Range) n (Years) 

(3.5-23.5) 208 7.7 (3.5-28.5) 191 7.9 

(3.5-21.5) 17 7.4 (3.5-16.5) 15 7.4 

(3.5-14 .5) 14 7.9 (3.5-13.5) 15 7.8 

( 3.5-10 .5) 4 8.6 (3.5-13.5) 13 8.o 

a Because adult male bears lost thai r oollars more easily than adult females, this ratio underestimated the 
percentage of males • 

. J j 

Sex 
Ratio % 
Males 

52 

53 

48 

24a 
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TABLE W45 
LITTER SIZES OF VARIOUS NORTH AMERICAN BROWN BEAR POPULATIONS 

(From Miller and McAllister 11982 ) 

Average Litter Size (No. of Litters Observed) 
Age of Litter 

Source Area 0.5 1.5 0.5-1.5 

Pearson 1975 Southwestern Yukon Territory 1.7(11) 1.5(11) 1.6(22) 

Martinka 1974 Glacier National Park, Montana 1.7(35) 1.8(30) 1.7(65) 

This Study Nelchina Basin, Alaska 2.3(9) 1,6(16) 1.7(10) 

Reynolds 1976 Eastern Brooks Range, Alaska 1.8(13) 2 .0( 7) 1.9(20) 

Reynolds 1980* Western Brooks Range, AI aska 2.0(33) 1.9(21) 2.0(54) 

Mundy 1963 Glacier National Park, B.C. 1 .9(81) 1 .8(45) 1.9(126) 

Klein 1958 Southeastern Alaska 2.2(25) 1.9(35) 2.0(60) 

Glenn et al. 1976 McNeil River, Alaska 2 .5(41) 1.8(69) 2.1(110) 

Glenn 1976 & updated Black Lake, Alaska Peninsula 2.1(19) 2.1(51) 2.1(70) 

Hensel et al. 1969 Kodiak Island, Alaska 2.2(98) 2.0(103) 2.1(201) 

Craighead at al. 1976 Yellowstone National Park 2.2(68) 

*Calculations from data presented in Table 3 of Reynolds (1980) 

j 



TABLE W46 

REPRODUCTIVE RATES OF NORTH AMERICAN BROWN BEAR POPULATIONS 

{from Miller and MeAl I lster 119821) 

Mean Age at 1st Potential 
Production to ReproductIon Potential x Reproduct.lve Rate 
Maximum Age Life~ Reproductive Litter Production {No. cubs/adu It 

Area of BreedIng Interval Size of Cubs female/:tear) 

Yellowstone Park 6.3 - 24.8 18.5 years X 2.24 12.2 0.66 
(Craig head et al. 1976) 3.40 

Alaska Peninsula 6.3- 24.8 18.5 'ears X 2.50 12.3 0.66 
(Glenn et al. 1976)** 3. 7 

Eastern Brooks Range 0.1 - 24.8 14.7 years X I. 78 6.2 0.42 
(Reynolds 1976>** 4.24 

Western Brooks Range 8.4 - 24.8 16.4 years X 2.03 8.3 0.50 
(Reynolds 1980) 4.03 

Nelchlna Basin 5.2 - 24.8 19.6 3ears. X 2.3 13.7 0.70 
<This study) 3. 

Nelchina Basin 5.2 - 14.4*** 9.2 years X 2.3 6.4 0.70 
<This study) 3.3 

* This potential may be close to actual in lightly hunted populations In Yellowstone and the Brooks Range, It 
probably over estimates productivity of teavlly tunted population (Alaska Peninsula). 

**Reynold's (1980) analysis of data presented by others. 

***Maximum age based on age of 30 females (2_12 years) In the sport tarvest 1970-1980. 

J' 1 
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Habitat May June 

SPRUCE 82 95 
% by Months 22.9 25.5 
% by Habitat 50.3 46.3 

RIPARIAN 23 33 
% by Months 19.0 27.3 
% by Habitat 14. 1 16.1 

SHRUB LAND 50 70 
% by Months 12.9 16.0 
% by Habitat 30.7 34.1 

TUNDRA 3 3 
% by Months 17.6 17.6 
% by Habitat 1.8 1 .5 

OTHER 5 4 
% by Months 20.8 16.7 
'f, by Habitat 3.1 2.0 

TOTALS 163 205 
( 16 .a) (22.6) 

TABLE W48 
NUMBER Of AERIAL BLACK BEAR OBSERVATIONS BY 
MONTH IN EACH OF 5 HABITAT CATEGORIES 

(From Miller and MeAl lister !19821) 

July August September OcTober-Apr i I 

54 68 44 15 
15.1 19.0 12.3 4.2 
35.8 31.8 30.8 46.9 

23 18 23 
19.0 14.9 19.0 .8 
15.2 6.4 16. 1 3.1 

69 119 71 9 
17.6 30.7 18.3 2.3 
45.7 55.6 49.7 28. 1 

3 6 2 0 
17.6 35.3 11.8 0 
2.0 2.6 1.4 0 

2 3 3 7 
8.3 12.5 12.5 29.2 
1.3 1 .4 2.1 21.9 

151 214 143 32 
( 16.6) (23.6) (15.7) (3.5) 

All MonThs 

358 
(39.4) 

121 
( 13.3) 

366 
(42.7) 

17 
( 1 • 9) 

24 
(2.6) 

906 
(100.0) 

~ 
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TABLE W49 
SUMMARY OF REPORTED BLACK BEAR HARVESTS FROM 
ALASKA'S GAME MANAGEMENT UNIT 13, 1973-1980 

(From Millar and MeA II ister I 19821 l 

Total % Total Harvest 
Sport Average Age ( n) a % Males Taken In Fall 

Year Take Males Females Soth serl ng tall Both Males Females 

1973 70 5.9(39) 5.2(20) 5.6 NA 63 63 100 100 

1974 48 5.7(26) 7 .8( 14) 6.4 86 64 67 81 93 

1975 67 75 75 75 67 67 

1976 63 5.2(5) 63 70 67 63 55 

1977b 58 5.1(26) 4 .8( 12) 5.0 81 64 69 66 82 

1978c 70 5.4( 13) 80 63 68 64 81 

1979c 70 68 50 55 64 79 

1980 85 77 74 75 67 71 

7~80 531 5.6(121) 5.9(58) 5.7 74 65 68 71 79 

Fall Only - 5.5(88) 5.9(49) 5.6 

Spring Only - 5.7(33) 6.3(9) 5.8 

a Mean age given only when n > 5. 
b Only fall bears aged. 
c On I y sprIng bears aged. 
d A % of total take by non-residents. 

B Number taken by tunters report! ng aIrcraft as 
C % of tota I w hera meat was sal vagad for food. 

primary source of transportation. 

r 

Both Ad ad cd 

100 49 14 

85 21 25 

67 19 36 

62 21 26 55 

71 19 26 52 

69 20 7 64 

70 11 18 73 

69 24 32 67 

74 23 184 63 



Food Items 

Adult Moose 

Calf Moose 

TABLE W50 
COMPARISONS OF FOOD REMAINS IN WOLF SCATS COLLECT AT DEN 
AND RENDEZVOUS SITES IN 1980 AND 1981 FROM THE EASTERN 
SUSITNA BASIN AND ADJACENT AREAS 

(From Ballard et al. 1982) 

1980 1981 
727 Scats 290 Scats 

No. Items i Occurrences No. Items i Occurrences 

105 12.00 24 6.15 

369 42.17 87 22.31 

Moose, Pge Unknown 22 2. 51 21 5.38 

Adult Caribou 30 3.43 31 7.95 

Calf Caribou 13 1.49 19 4.87 

Caribou, Age Unknown 8 0.91 5 1.28 

Moose or Caribou 31 3.54 9 2.31 

Beaver 48 5.49 37 9.49 

Muskrat 26 2.97 24 6. 15 

Snowshoe Hare 55 6.29 21 5.38 

Microtine 40 4.57 37 9.49 

Unidentified Small 15 1 0 71 20 5.13 
Mammal 

Bird 16 1.83 8 2.05 

Fish o. 11 2 0.51 

Vegetation 22 2.51 5 1.28 

Wolf 4 0.46 0.26 

Unknown 70 8.oo 39 10.00 

Total 875 100.00 390 100.00 
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TABLE W51 

,... ESTIMATE OF NUMBERS OF WOLVES BY. lNDlV I DUAL PAO< INHABITING 
THE SUSITNA HYDROELECTRIC STUDY AREA IN SPRING AND FALL 
1980 AND 1981 

(From Ballard e-t a I. 1982) 
~ 
), 

f-:.. 
Pack Area Spring 1980 Fall 1980 Spring Fall 

(Post-Hunt) (Pre hunt) 1981 1981 

f""' 
Butte Lake 3-4 3-4+ 3 5 

Fish Lake ? 2 9 12+ 

Jay Creek 6 7-8 1 10 -f Keg Creek ? 1 2-3 2-3 

Maclaren River 2 4-5 ? 2-3 

Portage Creek ? ? 1 6 

Stephan Lake 2+ I 1 1 ? 

Susitna 4 10 '5 4 

Susitna-Sinona 4 4-5 2 ? 

"'"' 
Tolsona 9 16 13 15 

Tyone Creek 4 2 0 ? 

,... Upper Talkeetna River ? 7 1 2 

Watana 5 14 8 14 

- Total 40 77 42-43 72-74 



TABLE W52 
NUMBER OF SAMPLE UNITS CONTAINING INDICATED LEVEL OF 

4 BEAVER ACTIVITY DURING SUMMER 1982 DOWNSTREAM SURVEY 

(See text tor explanation) 

-
None Low r..1od. High 
No Sign Tracks, Dams, Dens, 

~ 
Seen Cuttlnss Trai Is Lodges 

Main Channa I 22 

Side Channel 22 5 4 UPPER ~ 

SECTION 
Slough 2 3 5 n = 38 

Clearwater 2 2 3 

Main Channel 4 

Side Channel 6 3 MIDDLE ~ 

SECTION 
Slough 3 n = 11 

Clearwater 4 
""""' 

Mal n Chan. 

Side Chan. 3 9 LOWER 
SECT ION 

Slough 3 n = 8 

Clearwater * 

* Lower Section contained no clearwater habitat in sample units surveyed. 

-
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TABLE W53 

Aerial counts of beaver structures along 15.2 km of lower Deadman CreeK 
Immediately downstream from Deadman Lake, and a marshy section of upper Deadman 
Creek from its mouth at Deadman Lake 3.2 km upstream from the lake. 

Lodoes Dams 
Location Catches Active Inactive Active Inactive 

Lower Deadman Creek 8 gl 5 3 4 

Upper Deadman Creek 5 5 0 0 0 

TOTAL 13 14 5 3 4 

1rwo apparently active lodges were observed within 30 meters of each other and 
only one food cache was noted between the lodges. Possibly both of these 
lodges had been active during summer, but only one would remain active through 
winter. 



Lake 
Number 

001 

002 

003 

004 

005 

006 

007 

008 
009 
010 
011 
012 
013 

014 
015 

016 

017 

018 
019 

. 020 

021 
022 
023 

024 

025 

TABLE W54 
RESULTS OF SURVEYS FOR MUSKRAT PUSHUPS UPSTREAM FROM 
GOLD CREEK DURING SPRING 1980 (From Gipson eT al 1982) 

LocaTion or Lakes 
ElevaTion No Quarter 

MSL .(m) Pushups Section Section Ranse Townsh.ip 

267 2 sw 31 \W 32N 
SE 31 1W 32N 

472 4 SE 30 1W 32N 
sw 29 1W 32N 

526 14 NE 30 1W 32N 
NW 29 1W 32N 

640 0 NE 20 1W 32N 
NW 21 1W 32N 
SE 20 1W 32N 

500 26 SE 15 1W 32N 
sw 14 1VI 32N 
SE 14 1W 32N 
NW 23 1W 32N 

495 0 NW 23 1W 32N 
NE 23 1W 32N 

480 0 NW 24 1W 32N 
sw 24 1W 32N 
SE 23 1W 32N 
NE 23 1W 32N 

463 0 sw 6 1E 31N 
463 0 SE 6 1E 31N 
442 0 sw 32 1E 32N 
472 o· SE 32 1E 32N 
419 0 SE 32 1E 32N 
542 0 sw 4 1E 32N 

SE 4 1E 32N 
724 0 N\11 28 1E 32N 
724 0 NE 21 1E 32N 

NW 22 1E 32N 
sw 22 1E 32N 
NW 27 1E 32N 
SE 21 1E 32N 

712 0 sw 16 1E 32N 
SE 16 1E 32N 
sw 15 1E 32N 
NW 22 1E 32N 
NE 21 1E 32N 

754 0 NE 22 1E 32N 
NW 23 IE 32N 

572 0 NW 35 \E 32N 
503 0 sw 35 1E 32N 

NW 2 IE 31N 
541 0 SE 35 1E 32N 

NE 2 1E 31N 
724 0 NW 36 1E 32N 
724 0 NW 36 1E 32N 
686 0 sw 24 1E 32N 

SE 24 IE 32N 
sw 19 2E 32N 
NVI 30 2E 32N 
NE 25 IE 32N 
N\11 25 IE 32N 

724 0 NE 19 2E 32N 
NW 20 2E 32N 

722 0 NW 20 2E 32N 
NE 20 2E 32N 
SE 20 2E 32N 
sw 20 2E 32N 

·~. 

-· 

-
~ 

-
~ 

~ 
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TABLE W54 

';..""iJa RESULTS OF SURVEYS FOR.MUSKRAT PUSHUPS UPSTREAM FROM 
GOLD CREEK DURING SPRING 1980 (From Gipson et al 1982) (Cont 'd) 

~:'f{is; 

Location of Lakes 
Lake Elevation No Quarter 
Number MSL (ml Pushups Section Section Range Towns hi~ 

026 709 0 sw 21 2E 32N 
027 533 0 NW 27 2E 32N 

NE 27 2E 32N 
SE 27 2E 32N 
SW 27 2E 32N 

028 754 0 NE 7 4E 31N 
029 716 0 sw 8 4E 31N 
030 602 0 NW 17 4E 31N 

!"""" 031 602 0 NE 17 4E 31N 
032 693 1 NW 5 5E 31N 

sw 5 5E 31N 
033 693 0 SW 5 5E 31N 
034 716 0 sw 4 5E 31N 

SE 5 5E 31N 
035 680 0 sw 9 5E 31N 

SE 9 5E 31N 
NE 16 5E 31N 

,,.;.;,. NW 16 5E 31N 
NE 17 5E 31N 
NW 17 5E 31N 
NE 18 5E 31N 

r- SE 7 5E 31N 
sw 8 5E 31N 
SE 8 5E 31N 

036 678 8 SW 10 5E 31N 
SE 9 5E 31N 

037 693 0 SE 3 5E 31N 
sw 3 5E 31N 
SE 10 5E 31N 
sw 10 5E 31N 

~ NE 9 5E 31N 
038. 643 0 SE 11 5E 31N 

sw 11 5E 31N 
NW 14 5E 31N 
NE 15 5E 31N 
sw 15 5E 31N 
NW 15 5E 31N 
sw 10 5E 31N 

039 709 0 NW 3 5E 31N - 040 683 0 sw 21 5E 32N 
041 678 1 NW 21 5E 32N 
042 683 0 NE 21 5E 32N 
043 689 1 NE 21 5E 32N 

NW 22 5E 32N - SE 21 5E 32N 
NE 21 5E 32N 

044 693 0 sw 15 5E 32N 
NW 22 5E 32N 

045 683 0 SE 16 5E 32N 
NE 21 5E 32N 

046 693 0 SE 15 5E 32N 
sw 45 5E 32N - 047 683 7 NW 15 5E 32N 
ME 16 5E 32N 

048 739 6 MW 10 5E 32N 
049 716 0 MW 14 5E 32N 

sw 14 5E 32N 
.~ 050 716 0 NW 14 5E 32M 

051 716 0 NW 14 5E 32N 





TABLE W54 

"""" RESULTS OF SURVEYS FOR 1'-USKRAT PUSHUPS LPSTREAM FROM 
GOLD CREEK DURING SPRING 1980 (From Gipson et al 1982) (Cent 'd) 

,;:,. 

[ocatlon of Lakes 
Lake Elevation No Quarter 
Number MSL (m) Pus hu2s Section Section Ranse Towns hiE! 

081 823 0 SE 6 8E 31N 
sw 5 8E 31N 

082 564 2 sw 8 8E 31N 
083 770 0 sw 33 8E 32N 

"""" NE 33 8E 32N 
084 770 0 NW 3 8E 31N 
085 808 0 sw 2 8E 31N 

SE 2 8E 31N - 086 808 0 SE 2 8E 31N 
087 808 a SE 2 8E 31N 
088 741 1 SE 7 9E 31N 
089 866 25 SE 25 11 E 30N 

sw 30 11E 30N 
NW 31 11 E 30N 
NE 36 11 E 30N 

a9o 870 2 SE 30 11 E 30N 
NW 31 11 E 30N 

"""" 091 869 0 NW 31 11 E 30N 
092 777 1 sw 5 11E 29N 

NW 8 11 E 29N 
093 777 a NW 8 liE 29N - NE 8 liE 29N 

SE 8 11 E 29N 
sw 8 11E 29N 

094 780 0 SE 5 11 E 29N 

~ 
NE 8 11E 29N 

095 777 0 sw 4 11 E 29N 
096 777 0 NW 9 11 E · 29N 
097 777 0 NW 9 11 E 29N 
098 777 0 NW 9 11E 29N 

sw 9 11 E 29N 
099 777 0 SE 8 11 E 29N 

sw 9 11 E 29N 
lao 853 1 NE 26 lOE 30N 

.!"'-
101 853 0 NE 26 1aE 30N 

NW 25 lOE 30N 
102 853 0 sw 24 lOE 30N 
103 853 0 sw 23 3E 30N 

NW 26 3E 30N 

-



TABLE W55 ~ 

NUMBERS OF FURBEARER TRACKS SEEN DURING AERIAL TRANSECTS 
IN THE UPPER SUSITNA BASIN, AUTUMN 1980 

""""' (From G i pso n et a I • 1982) 

~ 

Transect6 S FOrt-ta i I ed 
Number Marten Fox Weasel Mink Otter Totals 

01 41 3 5 2 52 

02 80 0 7 6 94 

03 91 9 5 3 0 106 -
04 198 0 20 0 3 221 

05 64 0 11 0 96 

06 163 0 6 0 170 

07 202 23 39 0 2 266 
~ 

08 86 11 0 2 5 104 

09 85 11 2 0 99 

10 125 20 95 2 3 245 

11 39 30 58 2 130 

12 40 38 96 5 180 ~ 

13 7 60 77 5 3 152 

14 112 10 328 6 3 459 
""""' 

Totals 1353 213 746 34 30 2376 

-a See Figure S for transecT locaTions. 

-
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Checkpol nt 
Numbers 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

Totals 

TABLE W56 
NUMBER OF TRAO<.S OF OTTER AND M 1 NK OOSERVED 
AT NORTH AND SOUTH SIDES OF 37 SUSITNA 
RIVER CHEO<. POINTS, NOVEMBER 10-12, 1980a 

(From GIpson et al ;. 1982) 

North South 
otters Mink Otters Mink 

3 0 0 0 
0 2 0 0 
0 0 0 0 
0 0 3 1 
0 0 2 0 
0 0 0 0 
0 1 0 1 
0 0 0 2 
0 0 1 0 
0 0 0 2 
4 1 0 1 
3 1 0 0 
0 0 0 1 
2 0 3 1 
0 0 4 0 
3 1 0 2 
0 3 0 4 
0 0 0 2 
0 0 1 2 
2 0 1 0 
1 1 0 0 
0 0 0 0 
2 1 0 2 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 4 0 
0 0 4 0 
0 0 0 2 
0 0 0 0 
0 0 0 0 
0 0 0 3 
0 2 0 3 
0 1 0 2 
0 1 2 3 
0 0 2 2 
0 1 0 2 

20 16 27 38 

a See Figure S for locations of river check points. 



TABLE W57 i"'l'\ 

RESULTS OF MARTEN SCAT ANALYSES BY SEASON, BASED UPON 
PERCENT FREQUENCY OF OCCURRENCE 

(fran Gipson et al. [ 19821) 

-Autumn Winter Spring Autumn Unknown 
1980 1980-81 1981 1981 Season Total 

Unknown Mammal o.o 0.7 3.9 0.7 o.o 1 .2 
Mi croti ne 83.3 85.6 82.7 98.7 85.7 88.8 
Shrew 16.7 2.7 2.9 o.o 1.3 2.4 
Sci ur id 4.2 9.6 15.4 o.o 3.9 6.8 
Ungulate 16.7 o.o 1.9 1 .4 6.5 2.6 
Snows toe Hare o.o 1 .4 o.o o.o 3.9 1 .o ~ 

Muskrat o.o 3.4 2.9 o.o o.o 1 .6 
Bird 4.2 17.1 12.5 3.4 5.2 9.6 
Berry 41 .7 39.7 29.8 1.4 19.5 23.3 
Fish o.o 0.7 1 .o o.o 1 .3 0.6 
Human Foods o.o o.o o.o o.o 7.8 1 .2 

Total Scats 24.0 146.0 104.0 148.0 77 .o 499.0 
Food Items/Scat 1 • 7 1. 7 1.6 1.1 1.4 1.5 -

'-
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TABLE W58 
TRAO<S OF RED FOXES ENCOUNJERED DURING 
FALL 1980 AERIAL TRANSECT SURVEYS 

(From Gipson et al. 1982) 

Number of Fox Tracks 
E I evat ion (m) North s1de Sus1fna South s1de Susifna 

516 - 547 

548 - 581 

582 - 613 

614 - 645 

646 - 677 

678 - 709 

710 - 741 

742 - 774 

775 - 806 

807 - 838 

839 - 870 

871 - 902 

903 - 935 

936 - 967 

968 - 1000 

1001 - 1032 

1033 - 1064 

1065 - 1096 

1097 - 1129 

Total 

Transects 1 - 11 

2 

5 

20 

9 

10 

12 

5 

5 

7 

3 

79 

67 

4 

2 

6 

18 

2 

47 

3B 

2 

2 

11 

15 

151 

51 



TABLE W59: LOCATION AND STATUS OF RAPTOR AND RAVEN NEST SITES IN THE UPPER SUSITNA BASIN, ALASKA 

Corresponding 
U of A Museum 
No. (Kessel USGS 

Nesting at el, 1982, Stat usa Talkeetna Mountains 
Location B. Cooper 

1974b 1982d 
15 ft X 30 ft Estimatede 

S ecies No. ers. comm., 1982) 1980c 1981c Quad No. Townshi Section Elevation 
m 

Golden Eagle GE-1 v, C, ii X X NC C-1 TJON R11E 7 716-7.31 
(2,350-2,400) 

GE-2 D, T, gg X X NC D-2 T31N R9E 17 610-655 
(2,000-2, 150) 

GE-3 E, kk, 11 X X 1\C D-2 T31N R8E 715 
(2, 400/ 

GE-4 qq 0 X D-2 T31N R8E 15' 22 564 
(1,850) 

GE-5 F X 0 1\C D-2 T31N RBE 9, 10 549 
(1 ,800) 

GE-6 0 NC D-2 T31N RBE 8, 9 (579 
(( 1 '900) 

GE-7 R X NC D-3 T31N R7E 14 945 f 
(3, 100) 

GE-8 G X 0 NC D-3 T32N R6E 28 518 
(1,600-1,700) 

GE-9 ff 0 NC. D-3 T32N R6E 29 518 
(1,600-1,700) 

GE-10 0 NC D-4 T33N RSW 28 1,189 
(3,900) 

GE-11 dd 0 1\C D-4 T32N R4E 25 490-518 
( 1 ,6g0-1, 700) 

GE-12 0 1\C D-4 T31N R.3E 15, 14 ( 549? 
(( 1, BOD?) 

GE-13 z 0 0 NC D-4 T31N R3E 17, 18 427-442 
( 1 '400-1 ' 4 50) 

J -} 
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TABLE W59: LOCATION AND STATUS OF RAPTOR AND RAVEN NEST SITES IN THE UPPER SUSUNA BASIN, ALASKA (Cant 'd) 

Corresponding 
U of A Museum 

No. (Kessel USGS 
Nesting at el, 1982, Stat usa Talkeetna Mountains 
Location B. Cooper 

1974b 1982d 
15 ft X 30 ft Estimatede 

s ecies No. ers. comm. 1982 1980c 1981c Quad No. Section Elevation 
m 

Golden Eagle GE-14 0 NC D-4 D1N R.3E 12 427-457? 
(contd) 1 '400-1, 500?) 

GE-15 X, y 0 NC D-5 T32N R2E 22, 23 518-579 
( 1 ' 700-1 '900 

GE-16 I X X NC D-5 T32N R2E 27 470-485 
(1,540-1,590) 

GE-17 pp 0 NC D~5 T31N R2E 17 610-625 
(2,000-2,050) 

GE-18 M X NC D-5 T32N R1E 32 3}5 
( 1 • 1 00) 

Bald Eagle BE-1 0 NC C-1 T31N R12E 28, 33 686-694 
(2,250-2,275) 

BE-2 B X X NC C-1 T29N R11E 9, 10 663-671 
( 2. 17 5-2' 21 0) 

BE-3 hh X 0 NC C-2 T30N R10E 16 579 
(1,900) 

BE-4 s X X NC D-2 T.31N RBE 11 540-549 
( 1 , 77 5-1 , BOO) 

BE-5 A X X 0 NC D-3 T.31N R7E 2 497-503 
(1,630-1,650) 

BE-6 K X X NC D-3 T.33N R5E 34 760 
(2,500) 

BE-7 N X NC C-4 noN R3E 564-572 
( 1 ,850-1,875) 

BE-8 L 0 X X NC D-6 T31N R2W 9, 10 230 
(750) 



TABLE W59: LOCATION AND STATUS OF RAPTOR AND RAVEN NEST SITES IN THE UPPER SUSITNA BASIN, ALASKA (Cont'd) 

Corresponding 
U of A Museum 
No. (Kessel USGS 

Nesting at el, 1982, Stat usa Talkeetna Mountains 
Location B. Cooper 

1974b 1982d 
15 ft X 30 ft Location Estimatede 

Species No. pers. comm., 1982) 1980c 1981c Quad No. fownship Range Sect ion Elevation 
m (ff) 

Gyrfalcon GYR-1 u x? X NC C-2 noN R1DE 11 686 
(2,250) 

GYR-2 11 X X 0 NC D-5 T31N R2E 17, 18 587 
(1, 925) 

GYR-3 X NC D-5 T31N H1E 5 579-610? 
(1,900-2,000?) 

Goshawk GOS-1 X X D-2 T31N R8E 10, 15 518 
( 1 • 700) 

GOS-2 ? NC D-4 T31N R4£ lD 442 
(1,450) 

GOS-3 0 X NC D-5 T31N R1E 4 549 
(1,800) 

Raven R-1 0 t£ C-1 T30N R11E 7. 8 Tl7? 
(2,350?) 

R-2 X NC C-2 T30N H10E 11 6 71? 
(2,200?) 

R-.3 jj X 0 NC C-2 T30N R10E 11 641 
(2,100) 

R-4 X NC C-2 T30N R1DE 7; 8 610-778 
(2,000-2,550) 

R-5 X NC D-2 T31N R8E 12 641 
(2,100) 

R-6 0 NC D-2 T31N R8E 15 610 
(2,000) 

R-7 X NC D-3 T31N R8E 7 534-549 
(1,750-1,800) 

) 
. ·~ ] J 1 
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TABLE W59: LOCATION AND STATUS OF RAPTOR AND RAVEN NEST SITES IN THE UPPER SUSITNA BASIN, ALASKA (Cont'd) 

Corresponding 
U of A Museum 

No. (Kessel USGS 
Nesting at el, 1982, Status a Talkeetna Mountains 
Location B. Cooper 

1974b 1982d 
15 ft X 30 ft Estimatede 

s ecies No. 1982) 1980c 1981c Quad No. Townshi Section Elevation 
m 

Raven R-8 X NC D-.3 T32N R7E 33 519 
(1,700) 

R-9 X NC D-3 T32N R6E 25 488 
(1,600) 

R-10 X 0 NC D-3 T32N R6E 28 488 
(1,600) 

R-11 0 NC D-3 T .32N R5E 26, .35 564 
(1,850) 

R-12 Q X NC D-3 T32N R5E 23, 26 625 
(2,050) 

R-13 P, ee X NC D-4 T32N R5E 20 549 
(1,800) 

R-14 mm, nn, cc 0 fiC D-4 f31N R4E 14 549-580 
(1,800-1,900) 

R-15 o, aa, bb X NC D-4 T31N R4E 15 519-580 
(1,700-1,900) 

R-16 0 NC D-4 T31N R3E 18 442 
(1,450) 

R-17 0 NC D-4 T31N R3E 13 442 
(1,450) 

R-18 0 NC D-5 T32N R2E 36 427 
(1,400) 

R-19 J X X NC D-5 T32N R2E 27 458 
(1,500) 

R20 w 0 NC D-5 T32N R2E 33 366 
(1,200) 



TABLE W59: LOCATION AND STATUS OF RAPTOR AND RAVEN NEST SITES IN THE UPPER SUSITNA BASIN, ALASKA (Cant 'd) 

S ecies 

Raven 
(Cant d) 

Nesting 
Location 

No. 

R-21 

Corresponding 
U of A Museum 
No. (Kessel 
at el, 1982, 

B. Cooper 
1982) 1974b 

0 

Status 8 

NL 

USGS 
Talkeetna Mountains 

15 ft X 30 ft 
Quad No. 

D-5 

astatus unknown, x = possibly active, x = active, 0 = inactive, - =pot reported (1974) or 
not located (1980- 1981) (although suitable habitat was present in most eases), NC =not 
checked. 

boata from White (1974). 
coata from Kessel, et al, (1982), B. Kessel and B. Cooper (unpubl. data). 
dData from Kessel and Cooper (unpubl. data). 
eDifferences occur between elevations given here and those reported by Kessel, et al, (1982). 

Original estimates were. obtained by attempting to locate nests as accurately as possible on 
USGS 1:63 360 maps with contour intervals of 100' (majority) or 50' (Talkeetna Mtns C-1), but 
it was often difficult to precisely locate nests and to locate them relative to tightly 
spaced eontotJr intervals (Cooper, pers. comm. 1982). All elevations have been reviewed and 
some revisions were made; however, in some cases estimates given here may contail) errors of 
as much as +100'. All elevations must be considerd approximate (unless otherwise noted) 

f until the majority are rechecked with an altimeter (handhold or he 1 icopter). 
Elevation checked with helicopter altimeter on October 11, 1982. 

-I J j 

Townshi e Section 

T32N R1E 32 

J 

Est irnatede 
Elevation 

m 

427 
( 1 '400) 



Species Status a Arr1va ourtsh1p 

Golden eagleb M 5 Mar~3o Apr 

Bald eagleb M/R 10 Mar- 1 May 

Gyrfal conb R Mar-10 Apr 

Ravenc R Mar-15 Apr 

aM = migrant, R = resident 

1 } ] 

TABLE W60 
BREEDING CHRONOLOGIES OF EAGLES, GYRFALCON, 
AND COMMON RAVEN IN INTERIOR ALASKA 

ngs 

Apr-10 May 15 Apr-20 June 1 June-1 Sept 

20 Mar-10 May 30 Apr-30 June 20 May-15 Sept 

Apr-20 May . 5 Apr-25 June 15 May-15 Aug 

Apr- 5 May 5 Apr-25 May 25 Apr-25 June 

b Data summarized from Roseneau at al. (1981) 
c Based on calculations from Kessel (unpublished data) and Brown (1974) 

l 

Aug-25 Sept 

Aug-30 Sept 

10 July-30 Sept 

25 May-15 July 

l 



Year and 
Status 

80 81 82 

N 

N 
N 

N 

N 

N 
N 
N 

N 

N 
N 
N 
N 

N 
N 
N 
N 

N 
N 

N 

A A 

A I 
A A 

A 

A 
A A 

A 

A A 
A 
A 
A 
A 

A A 

A 

A 
A 

I 
A 
I 
I 
A 
A 
A 
I 
A 
I 
I 
I 
I 
I 
I 

No. 
Chicks 

1982 

0 
2 
2 

1 
>1 

>I 
-1 

2 
>1 

0 
>1 
-o 

0 

0 
0 
0 
0 
0 
0 

62"47'N 149"38'W: 

62"40 1N 149"55 1W: 
. 62"20 •N 150"1 o •w: 

62"21 1N 150"03 1W: 

62"19'N 150"08'W: 
62"13 1N 150"06'W: 

62"10 1N 150"10 1W: 

62"01 1N 150"06 1W: 
61"49 1N 150"10 1W: 
61"47'N 150"10 1W: 
61"46 1N 150"13 1W: 
61"45 'N 150"15 1W: 
61"43 1N 150"19'W: 

61"43 1N 150"17 1W: 
61"40 1N 150"19'W: 
61"39'N 150"20'W: 
61"39'N 150"21 •w: 
61"37'N 150"23 1W: 
61"35'N 150"25 1 W: 
61"28 1N 150"30 1W: 
61"28 1N 150"32'W: 
61"24 1N 150"30'W: 
61"22 1N I50"36'W: 
61"22 1N 150"37'W: 
61"20'N 150"38'W: 
61"20 1N I50"28'W: 
61"25 1N 150"28'W: 
61"22 1N 150"31 1W: 
61"22 1N 150"01'W: 
62"20 1N 150"05 1W: 
62"17 1N 150"08'W: 
62"16'N 150"09 1W: 
61"59 1N 150"07'W: 
61"54 1N 150"07 1W: 
61"46 1N 150"13'W: 
61"28'N 150"32 1W: 
61"27 1N 150"30 1W: 
61"57'N 150"06 1W: 

TABLE W6l 
DATA ON BALD EAGLE NESTS ALONG THE SUSITNA RIVER, BETWEEN DEVIL CANYON ANO COOK INLET. NESTS 
IN 1980 WERE OBSERVED IN APRIL BY u.s. FISH AND WILDLIFE SERVICES; 1981 NESTS WERE LOCATED ON 
26 JUNE BY TERRESTRIAL ENVIRONMENTAL SPECIALISTS, INC.; THE 1982 NESTS WERE RESULTS OF 
UNIVERSITY OF ALASKA MUSEUM SURVEYS. ALL 1982 NESTS WERE LOCATED IN LARGE,. OLD COTTONWOOD TREES. 

Locality 

North bank of Susltna River 1 km upstream from confluence with 
Indian River 

Island In Susltna River 4 km downstream from Sherman 
Confluence of Chulitna and Susltna rivers 
South bank of Talkeetna River 3 km upstream from ronfluance 

with Susltna River 
West bank·of Susltna River opposite Talkeetna 
East bank of Susltna River 4.5 km upstream from Parks 
Hlg~ay Bridge 

East bank of Susltna River 2 km downstream from Parks 
H lghway Bridge 

Island In Susltna River near Steep Creek Slough 
Island In Susitna River west of Kashwitna Lake 
Island In Susltna River opposite mouth of Willow Creek 
Island In Susltna River 2 km west of mouth of Willow Creek 
NorttrNest oorner of Delta Islands 
West bank of Susltna River .5 krn upstream from mouth of 

Kroto Creek 
East bank of Susltna River opposite mouth of Kroto Creek 
East bank of Susltna River opposite Kroto Slough 
Island In Susltna River near Kroto Slough 
Island In Susltna River near Kroto Slough 
Island In Susltna River 5 km upstream from Yentna River mouth 
Island at confluence of Yentna and Susltna rivers 
East bank of Susltna River east of Flat Horn Lake 
West bank of Susitna River east of Flat Horn Lake 
South end of Bell Island 
Nortrern end of Big Island 
West bank of Susltna River west of Big Island 
West side of Big Island 
West side of Big Island 
East bank of Susltna River near Maid Lake 
Island In the Susltna River west of Beaver Lake 
Confluence of the Chunllna and Talkeetna rivers 
Island 1 km up to Talkeetna River 
Island In Susltna River 3 km downstream from Talkeetna 
West bank of Susltna River 6 km downstream from Talkeetna 
Island In Susitna River near mouth of Sheep Creek 
East bank of Susltna River near mouth of 196 'Mile Creek 
North end of Delta Islands 
West bank of Sus ltna River west of Be II Island 
Island In Susltna River east of Bell Island 
Island In Susltna River 1 km upstream from Caswell Creek mouth 

Nest Tree Broken 
Height Height Topped 

(m) (m) 1 

23 

21 
25 
27 

30 
22 

12 
23 
30 
~ 

28 

22 
23 
20 
27 
23 

23 
23 

20 
18 
20 
20 

23 

21 
33 
~ 

33 
33 

23 
30 
34 
30 
28 

30 
27 
27 
30 
30 

27 
25 

34 
23 
23 
20 

Yes 

Yes 
No 
No 

No 
No 

No 
No 
No 
Yes 
Yes 

No 
Yes 
No 
No 
No 

Yes 
Yes 

No 
No 
Yes 
Yes 
Yes 
Yes 

Tree 
dead or 
alive 

live 

dead 
dead 
live 

live 
live 

live
live 
dead 
live 
live 

live 
live 
live 
live 
live 

live 
live 

I ive 
live 
dead 
dead 

·-----~- .. r--- .r-...... ,r- r- ~-- ,- ~-- ~- ,-
"'-··- "I- -~.-+ A - -~.__.,f...t •• .,... ,....,........,+ I - t.,.,.,...+f, ....... nco.,,+ 

DIstance 
from 

river 
(m) 

4 

250 
200 

3 

10 
5 

~ 

10 
90 
40 

100 

20 
5 

100 
5 

100 

5 
3 

1 
2 

20 
20 

Elevation 
(m/ft) 

244 (800) 

182 (600) 
107 (350) 
116 (380) 

107 ( 350) 
91 (300) 

91 (300) 

76 (250) 
30 (100) 
~ (100) 
24 (80) 
24 (80) 
30 (100 

27 ( 90) 
30 ( 100) 
24 (80) 
24 (80) 
20 ( 60) 
1 7 (50) 
10 ( ~) 
10 (30) 

7 ( 20) 
3 ( 10) 
3 ( 10) 
3 ( 1 0) 
3 (10) 
3 ( 10) 
3 ( 10) 

137 (450) 
107 (350) 
107 (350) 
107 (350) 
60 (200) 
45 (150) 
30 ( 100) 

7 ( 20) 
7 (20) 

55 (180) 
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TABLE W62 
SUMt~ARY OF TOTAL NUMBERS AND SPECIES COMPOSITION OF 
WATERBIRDS SEEN ON I,AKES SURVEYED IN SPRING, SUMMER 
AND FALL IN THE UPPER SUSITNA BASIN 

(Based on Kessel et al. 1982) 

Fall 1 Summer1 1981 
Species 1980 l'§8T 

Spring 1 

1981 Adults Broods 

Common loon 
Arctic loon 
Red-throated 
Loon spp. 
Red-necked grebe 
Ho·rned grebe 
Whistling swan 
Trumpeta.r swan 
Swan spp. 
Canada goose 
Mal lard 
PInta II 
B I ue-w i nged tea I 
Green-winged teal 
Northern s hqve I er 
American wigeon 
Canvasback 
Redhead 
Scaup, greater and lesser 
Ring-necked duck 
Goldeneye, common and Barrow's 
Bufflehead 
0 I dsquaw 
White-winged seater 
Surf scoter 
Black scoter 
Scatter spp. 
Common merganser 
Red-breasted merganser 
t,erganser spp. 
New gui I 
Bonapart 1s gui I 
'A ret I c tern 

Total birds 

Total wetland area surveyed Ckm2) 

Density (bi rds/km2 of ·t~etl ands) 

8 

5 
17 
35 

104 
21 

438 
201 

1 
125 

28 
721 

1854 
14 

471 
396 
57 
1 1 
18 

105 
134 

161 

4925 

9 

16 

42 
30 

101 
50 

467 
32 

16 

152 

786 

247 
118 

54 
82 
29 
10 

162 
3 

133 

2539 

141.73 79.78 

34.1 31 .a 

4 
5 
2 
7 
4 
2 
8 

21 

296 
257 

152 
40 

198 
1 

28 
616 

89 
12 
86 
16 
39 
43 
86 

7 
2 

25 

2046 

60.76 

81 .a 

22 
2 
8 

7 
5 

16 

10 
7 

2 
7 
8 

70 

6 

47 
81 
33 
26 

6 

1 
1 

83 
5 

48 

461 

20.5 

22.5 

3 
0 

1 
5 

1 
2 

1 
1 
6 

5 

11 
0 
2 

11 
1 

7 
0 
0 

60 

20.5 

2.9 
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TABLE W63 

AVERAGE DENSITY OF WATERBIRDS IN LAKES IN 
THE UPPER SUSITNA BASIN IN FALL 1980 AND 
SPRING AND SUMMER 1981 

<Data from Kessel, pers • comm.) 
~ 

Average Density (birds/km2) 
Summer 

Lake/Lake Groue Fall sering Adults Broods 

Maclaren R - Tyron R 89.1 29.02 NS* NS 

Tyrone R - Ashetna R NS 28.48 49.5 2.9 -· 
Gl a renee Lake area 64.84 36.67 21.9 3.8 

Watana Lake 76.60 17.06 6.4 o.o ~~ 

Lower Watana Creek area NS NS NS NS 

Fog Lakes 16.5 11 .65 18.3 3.8 -
Lower De;;~dman creek area 17.92 88.0 21.3 6.4 

8 ig Lake 2.17 NS NS NS -Deadman Lake 41 .30 21 .09 NS NS 

Upper Deadman Creek area 23.81 NS NS NS -Lower Dev II - NS 4.97 12.0 4.0 
Lower Portage Creek 

Murder Lake 260.00 .342 .oo 153.3 6.7 

S-tephen Lake 43.94 28.08 24.5 0.6 

S-tephen Lake area 37.1 11.83 12.8 1.7 
"""1 

Lower Portage Creek area NS 17.26 NS NS 

Swimming Bear Lake NS 8.19 57.9 7.0 
~ 

*NS = Not surveyed 

-· 

-

-



Fall 1980n 
Mean Mean 

Si2e No. Dens It~ 
Waterbod:t (km ) Birds ( no/km ) 

Murder Lake 0.15 39.0 260.0 

Stephan Lake 3.55 156.0 43.9 

WB 140 <Tyone R - 0.90 53.5 59.4 
As ll:Jtna R group) 

WB 131 <MacLaren R - 1.04 212.8 204.6 
Tyone R group) 

WB 145 (Clarence Lake 1 .60 103.8 64.8 
area group) 

WB 059 (Fog Lake 1.44 72.8 50.5 
group) 

Watana Lake 1.25 95.8 76.6 
(Lower Deadman) 

Pistol Lake (Lower 0.76 19.0* 17.9* 
Deadman Creek group) 

WB 032 0.07 
(fog Lake group) 

Swimming Bear Lake 0.57 

* Combines WB 064-067 

) 

TABLE W64 
SEASONAL POPULATION STATISTICS FOR THE MORE IMPORTANT OF 
SURVEYED WATERBODIES OF THE UPPER SUSITNA RIVER BASIN, 
1980-81. INCLUDED ARE WATERBODIES THAT WERE AMONG THE 
SIX HIGHEST IMPORTANCE VALUE RATINGS IN AT LEAST ONE SEASON. 

Fall 1981H serlng 1981tt 
Mean Mean Mean Mean Mean Mean Mean 

No. No. Dens it~ No. No. Dens It~ No. No. 
seecles Birds ( no/km ) seecies Birds (no/km ) Seecies Adults 

4.3 38.0 253.3 3.0 51 .3 342.2 5.0 23 

9.5 168.5 47.5 5.0 99.7 28.1 7.3 87 

5.0 30.5 33.9 2.5 48.3t 53. 7t 3.7t 75 

6.5 123.0 118.3 5.0 54. 7t 52.6t 3.7t 

7.0 42.5 26.6 4.5 58.7 36.7 7.0 35 

6.5 55.0 38.2 3.0 21.3 14 .a 4.7 54 

3.8 34.5 27.6 2.0 21.3t 17.1 t 3.0t 8 

4.0* 4 .ot 5.3 1.5t 85.0 111 .a 6.0 15 

8 

11 .5 20.2 0.5 4 .7t 8.2t 0.7t 33 

**11, 16, 20 and 26 September 1980; 15 and 26 September 1981 
t 100 percent frozen on at least one survey 
tt3, 10 and 26 May 1981 
- Not surveyed 

Summer 1981 
Density 

of No. No. 
Adults seecles Broods 

153.3 5 

24.5 9. 2 

83.3 11 4 

21.9 8 6 

37.5 11 5 

6.4 3 0 

19.7 8 5 

114.3 4 6 

57.9 5 4 



TABLE W65 

-MEAN NUMBER OF TERRITORIES OF EACH BIRD SPECIES ON 10-HA CENSUS PLOT, UPPER SUSITNA RIVER BASIN, ALASKA, IN 1981 AND 1982 
(+ = SMALL PORTION OF A BREEDING TERRITORY ON CENSUS PLOT, COUNTED AS 0.1 IN DENSITY AND DIVERSITY CALCULATIONS; V = VISITOR TO PLOT) 

(Based on Kessel et al, 1982, and Kessel pers. comm.) 

HABITAT1 
White Spruce- White Spruce- Open 

Mat and Dwarf--Low Medium Low-Medium Tall Balsam Paper Paper Paper White White Black 
Cushion Birch Birch Willow Alder Poplar Birch Bl rch (Mixed) Bi-rch (Mixed) Spruce Spruce Spruce 

S~ecies Tundra Shrub Shrub Shrub Shrub Forest Forest Forest I Forest II Forest Woodland Woodland 

Pintail - v 

Goshawk v v + 

Marsh Hawk v v 

Spruce Grouse v v v 0.5 0.6 + v v 

Ruffed Grouse + 

Willow Ptarmigan 0.3 v v 

Rock Ptarmigan 0.4 

White-Ta i I ed Ptarm lgan + 

American Golden Plover 0.3 

Whlmbrel + 

Greater Yeliowlegs 0.3 

Common SnIpe v v + 0.3 0.5 

Long-Billed Dowitcher v 

Baird 1s Sandpiper 1.4 v 

Long-Tailed Jaeger v 

Great Horned Owl v 
Hawk Owl v 
Short-Eared Owl v v 

J J J 
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TABLE W65 
-MEAN NUMBER OF TERRITORIES OF EACH BIRD SPEC!'ES ON 10-HA CENSUS PLOT, UPPER SUSITNA RIVER BASIN, ALASKA, IN 1981 AND 1982 

(+=SMALL PORTION OF A BREEDING TERRITORY ON CENSUS PLOT, COUNTED AS 0.1 IN DENSITY AND DIVERSITY CALCULATIONS; V = VISITOR TO PLOT) (Cont 1d) 

(Basad on Kassel at al, 1982, and Kassel pars. comm.) 

HABITAT1 
White Spruce- White Spruce- Open 

Mat and Dwarf-Low ~1ad I urn Low-Medium Tall Balsam Paper Paper Paper White White Black 
Cushion Birch Birch Willow Alder Pop I ar Birch Bl rch (Mixed) Birch (Mixed) Spruce Spruce Spruce 

S~acias Tundra Shrub Shrub Shrub Shrub Forest Forest Forest I Forest II Forest Wood I and Woodland 

Common F II cker v v 

Hal ry Woodpecker 1.0 0.5 

Downy Woodpecker 0.3 

Nortoorn Three-Toed Woodpecker v 0.8 v v 

Alder Flycatcher 0.5 

Olive-S lded Flycatcoor v + 

Horned Lark 0.5 0.2 

Tree Swallow v v v v 

Violet-Green Swallow v 

Gray Jay 0.5 v 0.7 0.8 0.8 + v 

Black-Belled Magpie v 

Common Raven v v 

Black-Capped Chickadee 1 .9 v v v 

Boreal Chickadee v 1 .4 1 .5 v v 0.5 

Brown Creeper 1 .1 1.0 

American Robin 0.3 + v + 0.3 0.7 

Varl ed Thrush + 1.0 6.8 2.8 2.3 2.2 2.0 v v 

Hermit Thrush 2.0 v 5.1 1 .9 v 



TABLE W65 .. 
-MEAN NUMBER OF TERRITORIES OF EACH BIRD SPECIES ON 10-HA CENSUS PLOT, UPPER SUSITNA RIV.ER BASIN, ALASKA, IN 1981 AND 1982 

(+ = SMALL PORTION OF A BREEDING TERRITORY ON CENSUS PLOT, COUNTED AS 0.1 IN DENSITY AND DIVERSITY CALCULATIONS; V = VISITOR TO PLOT) (Cont'dl 

(Based on Kessel et al, 1982, and Kessel pers. comm.l 

HABITAT1 

White Spruce- White Spruce- Open 
Mat and Dwarf-Low Med lum Low-Medium Tall Balsam Paper Paper Paper White White Black 
Cushion Birch Birch Willow Alder Pop I ar Birch Birch (Mixed) Birch (Mixed) Spruce Spruce Spruce 

S~ecles Tundra Shrub Shrub Shrub Shrub Forest Forest Forest I Forest II Forest Woodland Woodland 

Swalnson 1s Thrush + 4.7 3.3 4.8 7.0 3.5 v v 

Gray-c IJeeked Thrush 3.4 v v v 2.6 2.5 

Wheatear v 1.0 

A ret I c Warb I er 4.9 3.3 2.4 

Ruby-Crowned Kinglet v v 3.1 2.4 4.2 1.2 2.9 

Water Pipit 1 .3 

BohemIan WaxwIng v 

Orange-Crowned Warbler 0.4 v + v v 

Yellow-Rumpad Warbler 0.4 4.5 6.9 5.9 7.7 2.0 0.4 2.2 

Blackpoll Warble~ 3.5 3.5 1 .3 0.3 + 1 .o 1 .2 

Northern Waterthrush 4.2 + 1 .9 + v 

Wilson's Warbler 5.8 6.6 1.8 2.0 2.9 3.8 0.2 v 6.6 

Rusty B I ackb I rd v 

Common Redpoll v v v 0.7 v 1 .3 1 .o 1.0 1 .5 0.5 0.3 0.8 

PIne Grosbeak v v v 

Pine Siskin v v 

White-Winged Crossbill v v v v v v v 

Savannah Sparrow 1 .o 7.1 3.1 9.3 0.5 v 1 .3 0.4 

J 
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TABLE W65 
-MEAN NUI~BER OF TERRITORIES OF EACH BIRD SPECIES ON 10-HA CENSUS PLOT, UPPER SUSITNA RIVER BASIN, ALASKA, IN 1981 AND 1982 

(+=SMALL PORTION OF A BREEDING TERRITORY ON CENSUS PLOT, COUNTED AS 0.1 IN DENSITY AND DIVERSITY CALCULATIONS; V =VISITOR TO PLOT) (Cont 1d) 

(Based on Kessel et al, 1982, and Kessel pers. comm.) 

HABITAT I 
White Spruce- White Spruce- Open 

Mat and Dwarf-Low Med lum Low-Medium Tall Balsam Paper Paper Paper White White Black 
Cushion Birch Birch WI I low Alder Poplar Birch Bi·rch (Mixed) Bl rch (Mixed) Spruce Spruce Spruce 

SJ!ecl es Tundra Shrub Shrub Shrub Shrub Forest Forest Forest 1 Forest II Forest Woodland Woodland 

Dark-Eyed Junro 2.6 0.9 2.9 3.4 4.8 3.0 1.0 I. 7 

Tree Sparrow 2.7 9.8 11.3 0.8 5.8 2.1 

W hI te-e row ned Sparrow 0.2 3.1 3.6 + 2.5 5.5 2.3 

Golden-Crowned Sparrow 0.4 

Fox Sparrow v v 2.4 4.3 I .5 2.5 v 2.8 3.2 

Lincoln's Sparrow v v 

Lap I and Longs pur 1.0 0.7 

Snow BuntIng 0.1 

1Habitat designations have been modified from Kessel. et al ( 1982) by Kessel (pers. comm.) to a:>lnclde with habitat types described In Section 3. 
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TABLE W66 

MEAN AVIAN HABITAT OCCUPANCY LEVELS, UPPER 
SUSITNA RIVER BASIN, BREEDING SEASON, 1981 AND 1982 

(Based on Kessel et al, 1982 and Kessel, pers. comm.) 

Dens y 
Biomass! No. species (No. Species -(No. breedIng territories/ (Grams/ DIversity 

Avian Census Plot s2ecies 10 ha) 10 ha} ( H') 

Balsam Poplar Forest 19 (14.5} 43.0 2658 2.425 

White Spruce-Paper 18.5 ( 13) 30.6 1455 2.080 
Birch Mixed Forest II 

White Spruce-Paper 15 ( 12.5) 34.1 1491 2.348 
Birch Mixed Forest" 

Paper Birch Foresl- 14.5 (9.5) 29 .a 1437 2.035 

White Spruce Woodland 19 (12.5) 63.0 1297 2.120 

Black Spruce Woodland 18 ( 12) 20.8 1019 2.280 

Open White Spruce 20.5 ( 10.5) 16.9 944 1 .835 
Forest 

Tall Shrub 14 (9.5) 12.2 735 2.035 

Low-Medium Willow Shrub 11 (7 .5) 35.4 1140 1.680 

Medium 8irch Shrub 9 (5) 26.6 789 1.489 -Dwarf-Low Birch 
Shrub2 

1. 1 (6) 11 .5 408 1 .1 DO 

Mat-cushion Tundra2 9 (65) 5.5 :£>7 1.695 

1 Does not include grouse and ptarmigan 
2 Based on 25-ha plots; other plots were 10 ha 



seecles 

Goldeneye sp. 
Semipalmatad Plover 
Spotted Sandpiper 
Herring Gull 
Arctic Tern 
Downy Woodpecker 
Hairy Woodpecker 
N. Three-toed Woodpecker 
Alder Flycatcher 
Black-capped Chickadee· 
Brown Creeper 
Varied Thrush 
Gray-cheeked Thrush 
Swalnson 1s Thrush 
American Robin 
Ruby-crowned Kinglet 
BohemIan Waxwing 
Orange-crowned Warbler 
Yellow Warbler 
Yellow-rumped Warbler 
B I ackpoll Warbler 
Northern Waterthrush 
Wilson's Warbler 
Common. Redpoll 
Fox Sparrow 
White-crowned Sparrow 
Dark-eyed Junco 

Total number of species 

TABLE W67 
RELATIVE ABUNDANCE OF BIRDS BY HABITAT AND VEGETATION SUCCESSION 
STAGE, LOWER SUSITNA RIVER FLOODPLAIN, 10-21 JUNE 1982. FIGURES 
ARE THE NUMBER OF BIRDS RECORDED PER 100 MINUTES IN EACH HABITAT 

Early Successional Stands f.lld-Success lonal Stands Late 

Dwarf Tall Tall Mixed Tall AI dar-
& Low Medium Wi I low Alder Tall Immature Cottonwood 

AlluvIa Shrub Shrub Shrub Shrub Shrub Cottonwood Forest 

0.3 
--------2.1---------------
-------13.0~-----~---~----

* 
--------4.2---------------

0.3 
1.5 0.9 0.6 1.4 0.6 

13.3 9.1 7.0 0.5 2.0 
0.4 2.5 

0.9 0.6 1;.0 5.4 
4.6 8.2 2.9 7.1 
0.4 3.7 

3.3 1 .4 2.8 

1 • 1 
1 .9 

3.3 1.8 1 .9 7.3 0.3 
3.2 I .3 3.9 6.2 

6.7 3.2 9.5 2.4 6.5 
1 .s 7.3 12.0 2.9 12.5 

1 .9 o.8 
0.9 5.7 0.6 

1 • 5 3.3 4.1 1 .9 4.3 
13.8 2.3 1 .3 0.5 -2.5 

0.6 1. 7 

4 + 4 5 14 14 9 19 
8 17 

No. minutes of censuses/habItat 127 + 65 30 219 158 206 352 
192 613 

Relative abundance/habitat 19.3 + 18.5 30.0 40.6 54.4 22.8 61 • 1 
25.5 37.5 

Success iona I Stands 
Mixed 

Paper Birch- Mixed 
Cottonwood- Paper Birch-

White Spruce White Spruce 
Forest Forest 

0.6 
1.7 2.1 
1 • 7 

0.3 
1. 7 2.1 
8.3 1.7 
5.0 7.4 
3.3 0.6 
I. 7 2.4 

0.3 
3.3 

18.3 13.3 
6.7 5.3 

10 .o 3.3 
3.3 0.3 

2.1 
3.3 1 .5 
1. 7 1 .2 
1.7 2.1 

15 17 
22 

60 338 
750 

71.7 46.5 
51 .5 

*Herring GulIs excluded from relative abundance calculations because of their clumped distribution In high-density breeding colonies. 



TABLE W68 

COMPARISON OF BREEDING BIRD DENSITIES, 19a1 AND 19a2, 
UPPER SUSITNA RIVER,IN ALASKA 

(Based on Kessel, pers. comm.) 

Density 
No. Breeding (No. territories/ 

seecles Diversit;t (HI) 10 ha) 

Avian Census Plot 19a1 19a2 19a1 19a2 19a1 19a2 Change2 

Balsam Poplar Forest 16 13 2.55 2 • .?0 60.9 25.0 -5a.9 

White Spruce-Paper 13 13 2.07 2.09 .34 .6 26.6 -23.1 
B lrch (mixed) Forest II 

White Spruce-Paper 14 11 2.47 2.26 41 .a 26.4 -36.a 
Birch (mixed) Forest 

Paper Birch Forest 10 9 2.05 2.02 38.1 21 .4 -43.a 
Ill 

White Spruce Woodland 16 9 2.29 1 .95 43.a 19.2 -56.2 

81 ack Spruce Wood I and 13 11 2.43 2.13 24.a 16.8 -32.3 

Open White Spruce Forest a 13 1.a3 1 .a4 15.7 1a .1 +15.3 

Tall Shrub 10 9 2.05 2.02 12.5 11 .a -5.6 

Low-Medium W II I ow Shrub 6 9 1.56 1.ao 45.4 25.4 -44 .t 

Medium Birch Shrub 5 5 1 .4a 1.49 32.5 20.7 -36.3 

Dwarf-Low Birch Shrub 1 7 6 1.29 0.91 tl.9 11 .6 0 

Mat-cushion Tundral 10 7 1.73 1 .66 4.a 6.2 +23.1 

1 Based on 25-ha plot; other plots were 10 ha. 
2 Overal I number of territories on 150 ha of censused plots decreased 37.5 percent. 

<%> -
-

-

~ 
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-
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TABLE W69 

- NUMBER OF SMALL MAMMALS CAPTURED PER 100 TRAP NI~ITS DURING FOUR SAMPLING PERIDS BETWEEN AUGUST 1980 AND 
AUGUST 1982, UPPER SUSITNA RIVER BASIN (Number of Captures are Given In Parentheses.) 

(from S. 0. MacDonald, pars. comm.J 

Captures per IOO Trap Nights (NO. of Captures) 
Number of Captures Percent 

seecies Fall 1980 serlng 1981 Fall 1981 Fa II 1982 All Traeplng Periods of Total 

Sorex cinereus 9.12 (361) 0.93 (39) 11.36 (847) 0.56 (42) ( 1289) 34.6 

2.!_ mont i col us 2.42 (96) 0 0.64 (48) 0.03 (2) ( 146) 3.9 

S. arcticus 2.98 ( 118) 0.07 (3) 2.31 ( 172) 0.13 ( 1 0) (303) 8.1 

2.!.~ 0.13 ( 5) 0 0.07 (5) 0 ( 10) 0.3 

Clethrionom~s rutllus 8.41 (333) 2.23 (93) 10.95 (816) 2.89 (216) ( 1458) 39.1 

Microtus penns~lvanicus 0.33 ( 13) 0 0.74 (55) 0.47 (35) ( 1 03) 2.8 

M. occonomus 0.61 (24) 0.05 (2) 2.12 ( 158) 0.53 (40) (224) 6.0 

M. miurus 0 0 0.91 (68) 1.07 (80) ( 148) 4.0 

Lemmus sibiricus 0 0.02 ( 1 ) 0.23 (17) 0.15 ( 11) ( 29) 0.8 

Synaetom~s boreal is 0 0 0.05 (4) 0.15 ( 11) ( 1 5) 0.4 

Total captures 24.00 (950) 3.30 ( 138) 29.38 (2 190) 5.98 (44 7) (3725) 100.0 

Number of trap nights 3960 4176 7455 7470 



TABLE W70 

- STANDARDIZED HABITAT NICHE BREADTH VALUES FOR TEN SMALL MAMMAL 
SPECIES SAMPLED BY SNAP AND PITFALL TRAPPING AT 43 SITES, 
UPPER SUSITNA RIVER BASS IN, FALL 1981 (N i ch9 Breadth Measures 
were Calculated Using Formula Employed by Krebvs and Wingate 
1976) 

(from Kessel et al 1982) 

Masked shrew (464.7) 

Northern red-backed vole (454 .8) 

Dusky shrew (28 .3) 

Arctic shrew (96.3) 

Brown lemming (10.2) 

Tundra vole (87.7) 

Nortt"arn bog I emmi ng (2.2) 

Meadow vole (43.8) 

Pygmy shrew (2.8) 

Singing vole (42.7) 

Standard lzed 
Habitat Niche Breadth Valuea 

0.60 

0.59 

0.45 

0.38 

0.21 

0.17 

0.09 

o.os 
0.08 

0.05 

aH ig h va I ues of B indIcate that a species l'ab itat nl che i nci•Jdes a wide 
range of habitats '"hareas low values indicate that a species occurs in 
very few habitat types. 

-

-

-
-
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TABLE W71 

LOSS OF EIGHT. COVER TYPES COMMONLY USED BY MOOSE, IN RELATION 
TO THEIR AVAILABILITY. THE PROPORTIONATE SEASONAL USE OF EACH 
TYPE BY RADIO-COLLARED MOOSE IS ALSO SHOWN. 

WATANA DEVIL CANYON 
Proportion of Relocatlonsb Area AHected ( ha) ProportIon ate Area AHected l ha) Proportionate 

Forest Cover Tne lmEoundment Construction Loss o.- Impoundment Construction Loss SErlng 

Moderate to dense 4267 567 0.03 153 0 0.06 0.56c 
spruce forest 

Sparse spruce forest 3633 75 0.03 629 15 0.17 0.29c 

Birch forest 785 19 0.62 487 3 _d <0.01 

Mixed forest 2099 207 0 .• 29 1506 162 0.04 _d 

Tall shrub 514 37 <0.01 3 0 <0.01 

BIrch shrub 443 288 0.04 49 18 <0.01 
0.14 

Willow- low shrub 717 283 <0.01 18 0 <0.01 

Tundra 84 78 <0.01 11 0 <0.01 

a Proportionate loss Is expressed as the amount of the cover type l~t (ha) In relation to Its total coverage (ha) 
in the respective water~ed. (See Section 3.3- Botanical Resouroos for a description of the watershed and area 
estimates of the forest cover types.) 

b Proportion of moose relocations In that habitat during April-May, June-October, and November-March, respectively. 

c Ballard et al. (1982) included mixed forest communities In their spruce forest classifications and therefore moose 
use In mixed forest cover types cannot be separately estimated. 

d Vegetation In areas beyond the Impoundment and ronstructlon zones was mapped at a scale too small to adequately 
assess the availability of this cover type. 

Summer-Fall Winter 

0.43 0.40 

0.28 0.30 

<0.01 <0.01 

0.29 0.29 

N 

791 

504 

7 

445 



Watana 

Borrow Areas 
Impoundment 

Dev i I. Canyon 

Borrow Areas 
Impoundment 

TABLE W72 
NUMBER OF V.KES WITH MUSKRAT PUSHUPS IN SPRING 1980 
OCCURRING WITHIN BORROW AREAS AND IMPOUNDMENTS 

Lakes Sam£! led With Pushups Pushups 

20 5 16 
9 5 13 

5 0 0 
0 D 0 

-
-
-
-

g 
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TABLE W73 
GENERAL TYPES OF IMPACTS TO RAPTORS 

(From Roseneau et al, 1981) 

Disturbance 

Construction and Operation Activities 

- sudden loud noises <e.g., blasting, gas vent! ng, etc.) can I ead to 
panic flights and damage to nest contents 

-noise, human presence, etc., can lead to disruption of dai ty activities 

Aircraft Passage 

-sudden appearance and noise can lead to panic flights and damage to nest 
contents 

Human Presence Near Nests 

- Inadvertent- chance occurrence of people (and dogs) near nests; people 
may be unaware of nest, raptors, or-raptor alarm behavior 

-deliberate- curious passersby, naturalists, photographers, researchers 
can have impacts if safeguards are not taken 

Direct Impacts 

Intentionally Destructive Acts (as a result of Increased public access) 

- shooting 
-legal or Illegal removal of eggs, young, or adults 
-rolling of rocks off cliff tops 
-cutting of nest trees 

Man-Made Structures and Obstructions 

- raptors may be struck on roads where they may perch or feed 
-may strike wires, fences, etc. 
- may be electrocuted on power poles 
- raptors sometimes attack aircraft, or may accidentally strike aircraft 

Environmental Contaminants 

-deliberate app! !cation and accidental release of insecticides, 
herbicides, petrochemicals, and toxic industrial materials can affect 
raptors and prey by affecting hormones, enzymes, she! I thickness, bird 
behavior, egg fertility and viability, and survival rates of nestlings, 
fledglings, lmmatures and adults 

Changes In Prey Availability 

- decrease In prey abundance or loss of nearby hunting areas may affect 
territory size, efficiency of hunting, nest occupancy, nesting 
success, condition of adults and young 

-changes may result from aircraft overflights, construction and 
maintenance activities, public access, etc. 

Habitat loss 

Abandonment of area due to destruction, of nest, perch or Important hunting 
habitat 



TABLE W74 

NUMBER OF KNOWN RAPTOR DR RAVEN NEST SITES IN THE UPPER SUSITNA RIVER BASIN, ALASKA, THAT WOULD BE INUNDATED BY THE 
AND DEVIL CANYON RESERVOIRS, OR THAT MAY BE AFFECTED BY DEVELOPMENT OF ASSOCIATED ACCESS ROUTES AND TRANSMISSION RDI 

WATI 
Nests That Will be Flooded 

Total No. or Destroyed by Impoundment Nests That Ma~ 

of Recently Borrow Sites and Campsites Access and Tr1 
Active Total No. Recently Recently 
Nesting of Inactive Active Inactive Active 
Locations Nesting Nesting Nesting (Percent Nesting 

Species (1980 - 1982) Locations Locations Locations of Total) Locations 

Cliff -nesting locations 
Golden Eagle 9 7a 4b 2c (38) 0 
Bald Eaglee 1 0 1 0 ( 100) 0 
Gyrfalcon 2f 1 0 0 (0) 0 
Common Raven 4 17h 1 8i - 9j (43 - 4B) 1 

Total cliff-nesting 
locations 16 25 6 9 - 10 (37 - 39) 

Tree-nesting locations 
Bald Eaglee 5 2 3k 0 (43) 
Goshawk 2 1 1 1L (66) 0 

Total tree-nesting 
locations 7 3 4 0 (40) 

aDoes not include two nesting locations reported by White (1974), but not relocated in 1980- 19B1--these two locat: 
White's original map, and may represent two of the total seven confirmed inactive golden eagle nesting locations r1 

bincludes one nesting location (GE-B) that will be inundated, and that is also approximately 0.1 km north of Borrow 

clncludes one nesting location (GE-9) that will be inundated, and that is also approximately 0.1 km north of Borrow 
within Borrow Site E (see Table W75). 

dRepeats location GE-11, and thus not included in total number and percentage of total. 

eCombined cliff and tree-nesting locations for bald eagles are 6 1 2, 4, o, (50), 1, 0, (13), 5, (63), 0, 0, (0), 1, 
_ respectively. 

fincludes one nesting location occupied by gyrfalcons in 1974 (White, 1974), and occupied in 1980 by an unknown spe 

gincludes one gyrfalcon nesting location where young were found in 1974 (White, 1974) that was not relocated in 19B 

hincludes six confirmed active and six unconfirmed active raven nests reported in 1974 (White, 1974). 

ilncludes three raven nesting locations that will be inundated, and that are also within 0.5 km of Borrow Site J (s 

jlncludes one raven nesting location reported by White (1974) that may be as low as about 2,000 ft, or as high as a 

klncludes one bald eagle nesting location (BE-2) that is very near maximum operating level (2,185 ft)--this locatio 

LThis nesting location is only 0.2 km from Borrow Site I and is likely to be affected by Watana development, but it 
Devil Canyon reservoir if Devil Canyon development occurs. 



WATANA 
TES 

NA 

be Affected by Total Nests That May be 
nsmission Routes Affected by Overall Project 

nactive 
esting (Percent (Percent 
ocations of Total) Total No. of Total) 

[1]d [6] 6 (38) 

0 (0) 1 ( 1 00) 

D (D) 0 (D) 

D (5) 10 - 11j (48 - 52) 

(5) 17 - 18 (41 - 44) 

0 (14) 4 (57) 

D (D) 2 (66) 

0 (1 D) 5 (50) 

ions (GE-6 and GE-12) may have been mislocated on 
ather than representing two additional nesting locations. 

i Site J. 
i 

! Site J, and one location (GE-11) 

0, (13), 1, (13), 4, (50), 2, (25), 6 and (75), 

lcies (~robably gyrfalcons). 

10 - 1981. 

>ee note b above). 

!bout 2,550 ft (and thus not inundated). 

,n is assumed lost as a result of shoreline erosion. 

will also be inundated at a later date by the 



TABLE 'rf74 - Page 2 

NUMBER OF KNOWN RAPTOR OR RAVEN f\£ST SITES IN THE UPPER SUSITNA RIVER BASIN, ALASKA, THAT WOULD BE INUNDATED BY 

AND DEVIL CANYON RESERVOIRS, OR THAT MAY BE AFFECTED BY DEVELOPMENT OF ASSOCIATED ACCESS ROUTES AND TRANSMISSIOI 

Nests That Will be Flooded 
Total No. or Destroyed by Impoundment Nests Tha 
of Recently Borrow,S~tes and Camesites Access an 
Active Total No. Recently Recently 
Nesting of Inactive Active Inactive· Active 
Locations Nesting Nesting Nesting (Percent Nesting 

Species (1980- 1982) Locations Locations Locations of Total) Locations 

Cliff-nesting locations 
Golden Eagle 9 7a 0 - 2 (6 - 12) 1 

Bald Eagle9 1 0 0 0 (0) 0 

Gyrfalcon 2f t 0 1 (33) 1 

Common Raven 4 nh 0 4 ( 19) 0 

Total cliff-nesting 
locations 16 25 0 5 (12) 2 

Tree-nesting locations 
0 0 (0) 1 Bald Eaglee 5 2 
0 oL (o)L 0 Goshawk 2 

Total tree-nesting 0 (10) 

locations 7 3 

Total Nests That Would be Flooded Total Nes 
Total No. by Watana and Devil Canyon or by WatanE 
of Recently Affected bx Imeoundment Borrow Sites Access ar 
Active Total No. 
Nest! ng of Inactive 
Locations Nesting (Percent 

Species ( 1980 - 1982) Locations Total No. of Total) Total No. 

C I Iff-nesting locations 
[2]d Golden Eagle 9 7a 7 - sa (44 - 50) 

Bald Eaglee 1 0 1 (100) 0 

Gyrfalcon 2f 1 1 (33) 2g 

Common Raven 4 nh 13- 14j (62 - 67) 1 

Total cliff-nesting 
locations 16 25 21 - 22 (51 - 54) 5 

Tree-nesting locations 
3 (43) 2 Bald Eaglee 5 2 

2 (66) 0 Goshawk 2 

Total tree-nesting 5 (50) 2 

locations 1 3 



rHE WATANA 
ROUTES 

DEVIL CANYON 

May be Affected by 
Transmission Routes 

Inactive 
Nesting 
Locations 

0 
a 

a 

(Percent 
of Total) 

(6) 
(a) 

(33 - 66) 
(a) 

(7) 

(14) 
(o)L 

(1 0) 

1ts That May be Affected 
~ and Devil Canyon 
1d Transmission Routes 

(Percent 
of Total) 

(12) 
(a) 
(33 - 66) 
(5J 

( 12) 

(29) 
(0) 

(20) 

Total Nests That May be 
Affected by Overall Project 

Total No. 

2 - 3 
0 
zg 

4 

B 

1 
aL 

2 

_; 

(Percent 
of Total) 

(12 - 18) 
(0) 

(33 - 66) 
(19) 

(2a) 

(14) 
(o)L 

(2a) 

Total Nests That May be 
Potentially Affected by Watana 
and Devil Canyon Projects 

(Percent 
Total No. of Total) 

8 - 9a (51 - 56) 
1 (1ao) 
2g (33 - 66) 

14 - 15j (67 - 72) 

26 - 27 (63 - 66) 

5 (71) 
2 (66) 

7 (7a) 



Nesting 
Location 

Number 

GE-2 

GE-4 

GE-5 

IGE-61 

GE-8 

GE-9 

] 1 

TABLE W75 

RAPTffi AND RAVEN NESTING LOCATIONS IN THE UPPER SUSITNA BASIN. ALASKA. 
THAT MAY BE AFFECTED BY THE SUSITNA HYDROELECTRIC PROJECT DEVELOPMENT 

Estimated a 
Elevation 

lm <ff>J 

610 - 655 
(2 000 - 2 150) 

564 (I 850) 

549 ( I 800) 

1<579 (<I 900)1 

490 - 518 
(I 600- I 700) 

490 - 518 
( I 600 - I 700) 

Project Action 

Filling Watana Reservoir 

F II II ng Watana Reservoir 

Filling Watana Reservoir 

[FII ling Watana Reservoir! 

Watana Borrow Site J 

Filling Watana Reservoir 

Watana Borrow Site J 

Filling Wa'tana Reservoir 

Potential Effects 

Inundation 

Inundation 

Inundation 

[Inundation; however. GE-6 may 
correspond to nearby GE-5. The 
elevation of this nesting 
location is unclear. l'ltllte 
(1974) marked this nesting 
location at a place where 
suitable nesting habitat does 
not appear to occur.) 

Watana Borrow Site J is located 
within 0. I km of GE-8 and 
considerable disturbance may 
result from material excavation 
during construction of the dam 
and prior to Inundation as the 
reservoir Is fll led. 

Inundation (see potential effect 
of Watana Borrow Site J) 

Watana Borrow Site J is located 
within 0.1 km of GE-9 and 
considerable disturbance may 
result from material excavation 
prior to the fll ling of the 
reservoir and flooding of this 
nesting location. 

Inundation 

1 l 



Nesting 
Location 
Number 

GE-10 

GE-11 

I GE-121 

GE-13 

J 

TABLE W76 
RAPTCR AND RAVEN NESTING LOCATIONS IN THE UPPER SUSITNA BASIN, ALASKA, 
THAT MAY BE AFFECTED BY THE SUSITNA HYDROELECTRIC PROJECT DEVELOPMENT (Cont'd) 

Estimated a 
El.evation 

lm (ft)) 

189 (3 900) 

490 - 518 
( I 600 - I 700) 

I <5491 
(<1 BOO?> I 

427 - 442 
C1 400 - I 450) 

Project Action 

Watana Borrow Site F 

Denali-Watana Access Road 

Watana Borrow Site E 

Transmission Corridor 

[filling Devil Canyon 
.Reservoir) 

Filling Devil Canyon 
Reservoir 

Potential Effects 

Minimal disturbance Is 
anticipated although GE-10 lies 
within 1.2 km of Watana Borrow 
Site F. The elevation and 
location of the nest on the 
opposite side of Tsusena Butte 
from the borrow site wll I 
probably minimize any direct 
influence that excavation and/or 
transport of materials may 
have. 

Minimal disturbance Is antici
pated since the road I ies 1.9 km 
to the northeast. 

Nesting location will be 
physically destroyed as It lies 
within Watana Borrow Site E. 

Sorne disturbance may result from 
activities associated with the 
Instal latlon and maintenance of 
the power transmission line 
about 0.1 km from GE-11. 

[Inundation; however, GE-12 may 
correspond to nearby GE-13. 
White (1974) marked this nesting 
location at a place where suit
able nesting habitat does not 
appear to occur.! 

I nundat Jon 



1 ) 

Ne.sting 
Location 

Number 

GE-14 

GE-17 

GE-18 

TABLE W76 
RAPTOR AND RAVEN NESTING LOCATIONS IN THE UPPER SUSITNA BASIN, ALASKA, 
THAT MAY BE AFFECTED BY THE SUSITNA HYDROELECTRIC PROJECT DEVELOPMENT (Cont 1 d) 

Estimated a 
Elevation 

(m (ft)J 

427 - 4571 
( I 400 - I 5007) 

610 - 625 
(2 000 - 2 050) 

335 ( 1 100) 

Project Action 

Transmission Corridor 

F II I i ng Dev II Canyon 
Reservoir 

Transmission Corrldur 

Watana-Devil Canyon 
Access Road and Bridge 

Devil Canyon Dam 
Construction 

Potential Effects 

The power transmission line is 
routed about 0.4 km from GE-14 
and some disturbance may result 
from activities associated with 
its Instal latlon and 
maintenance. 

Possible Inundation. The 
elevation of this nest site Is 
unclear. White (1974) marked 
this nesting location at a place 
where suitable nesting habitat 
does not appear to occur. GE-14 
may have been located on one of 
two smal I cliff areas 1.4 or 
2.0 km further downstream. 

Minimal disturbance is expected 
since the corridor Is 1.5 km 
north of GE -17. 

The access road route Is 0.2 km 
from and near the top of the 
cliff on which GE-18 is located 
and the access road bridge 
crosses the river 0.9 km down
stream from the nest location. 
Considerable disturbance may 
result from these nearby 
construction activities. 

The Devil Canyon damslte Is 
0.9 km upstream from GE-18 and 
the construction and maintenance 
may result In considerable 
disturbance. 

1 



Nesting 
Location 

Number 

BE-2 

BE-3 

BE-4 

BE-5 

BE-6 

BE-8 

GYR-2 

TABLE W76 
RAPTOR AND RAVEN NESTING LOCATIONS IN THE UPPER SUSITNA BASIN, ALASKA, 
THAT MAY BE AFFECTED BY THE SUSITNA HYDROELECTRIC PROJECT DEVELOPMENT (Cont1 d) 

Estimated a 
Elevation 

lm (ft)J 

663 - 671 
(2 175 - 2 200) 

579 ( 1 900) 

540 - 549 
( 1 775 - 1 800) 

497 - 503 
(1 630 - 1 650) 

760 (2 500) 

230 (750) 

587 ( 1 925) 

Project Action 

Filling Watana Reservoir 

Filling Watana ReservoIr 

Filling Watana Reservoir 

Fi I ling Watana Reservoir 

Denal i-Watana Access Road 
and Borrow Pits 

Dev II Canyon Ra II road 

Transmission Corridor 

Potential Effects 

Possible Inundation. BE-2 lies 
near the limit of the impound
ment flooding and the estimated 
elevation span of this nesting 
location extends slightly above 
and below the 2, 185-ft maximum 
operating level of the Watana 
reservol r. 

Inundation 

Inundation 

Inundation 

This nesting location lies 
within one of the access road 
borrow pits and directly In the 
path of the access road which 
will result in the destruction 
of this nesting location. 

Devil Canyon railroad is 0.5 km 
from this nesting location and 
construction and operation 
activities may result In 
considerable disturbance. 

The power transmission line 
route lies 0.5 km to the north 
of GYR-2 and some dl shrbance 
may result from Installation and 
maintenance-related activities. 



l 

Nesting 
Lpcation 

Number 

GYR-3 

GOS--1 

GOS-2 

GOS-3 

l J 

TABLE W76 
RAPTOR AND RAVEN NESTING LOCATIONS IN THE UPPER SUSITNA BASIN, ALASKA, 
THAT MAY BE AFFECTED BY THE SUSITNA HYDROELECTRIC PROJECT DEVELOPMENT (Cont 1 d) 

Estimated a 
Elevation 

lm <ft>l 

579 - 610? 
( 1 900 - 2 0001) 

516 (1 700) 

442 (1 450) 

549 ( 1 800) 

Project Action 

Devil Canyon Quarry 
SiteK 

Transmission Corridor 

Filling Watana Reservoir 

Watana Borrow Site I 

Filling Devil Canyon 
Reservoir 

Watana-Devil Canyon 
Access Road Borrow Pit 

Transmission Corridor 

Potential Effects 

GYR-3 may I I e wl thIn this quarry 
site and material excavation 
could result In the destruction 
of this nesting location. 

The power transmission corridor 
lies about 0.6 km to the south 
of GYR-3 and some dl shrbance 
may result from the installation 
and maintenance activities asso
ciated wl th the power I i nes. 

Inundation 

This material site Is 0.2 km to 
the west of GOS-2 and consider
able disturbance may result from 
excavation and transport of 
materials from this site prior 
to til ling the reservoir and 
flooding of the nesting 
location. 

Inundation (see potent I a I ef feet 
of 1'/atana Borrow Site I) 

The borrow pit for the access 
road is 1.0 km west of GOS-3 but 
minimal disturbance Is 
ant I ci pated. 

The transmission corridor lies 
1.1 km south of GOS-3 but mini
mal disturbance Is anticipated. 



Nesting 
Location 
Number 

R-3 

R-4 

R-5 

R-6 

R-7 

R-8 

R-9 

TABLE W76 
RAPTOR AND RAVEN NESTING LOCATIONS IN THE UPPER SUS!TNA BASIN, ALASKA, 
THAT MAY BE AFFECTED BY THE SUSITNA HYDROELECTRIC PROJECT DEVELOPMENT (Cont 1d) 

641 (2 100) 

610 - 778 
(2 000 - 2 550) 

641 (2 I 00) 

610 ( 2 000) 

534 - 549 
(I 750 - 1 000) 

51 9 (I 700) 

488 ( 1 600) 

Pro ect Action 

Filling Watana Reservoir 

Filling Watana Reservoir 

Filling Watana Reservoir 

Fl I ling Watana Reservoir 

Filling Watana Reservoir 

Fi 111ng Watana Reservoir 

Watana Borrow Site J 

Fl II lng Watana Reservoir 

Potential Effects 

Inundation 

Possible Inundation. The eleva
tion of R-4 Is unclear. White 
( I 974) marked the genera I I oca
tion of R-4 In the vicinity of 
two small cliff areas on the 
north bank of the Susltna River. 
The nest was not found In 1980 
or 1981 but Is estimated to be 
within the Indicated elevations 
and potent I a II y f I ooded by the 
2,002-ft maximum flood level of 
the Watana reservoir. 

Inundation 

Inundation 

Inundation 

Inundation 

Material excavation from Watana 
Borrow Site J for dam construc
tion will occur within the river 
basin as close as 0.2 km to R-9. 
Considerable disturbance may 
result from these activities 
prior to the filling of the 
reservoir and eventual flooding 
of this nesting location. 

Inundation (see potential effect 
of Watana Borrow Site J) 



Nesting 
Location 

Number 

R-IO 

R-11 

R-12 

TABLE W76 · 

RAPTOR AND RAVEN NESTING LOCATIONS IN THE UPPER SUSITNA BASIN, ALASKA, 
THAT MAY BE AFFECTED BY THE SUSITNA HYDROELECTRIC PROJECT DEVELOPMENT (Cont'dl 

Estlmateda 
Elevation 

lm (ftll 

488 C I 600) 

564 Cl 850) 

625 (2 050) 

Project Action 

Watana Borrow Site J 

Filling Watana Reservoir 

Watana Borrow Site J 

Fl I ling Watana Reservoir 

Watana Camp 

Denall-Watana Access 
Road 

Filling Watana Reservoir 

Potential Effects 

Watana Borrow Site J Is 0.1 km 
from R-10 and considerable dis
turbance may result from excava
tion and transport of materials 
from this material site prior 
to the f II II ng of the reservoir 
and eventual flooding of this 
nesting location. · 

Inundation (see potential effect 
of Watana Borrow Site J) 

Watana Borrow Site J Is 0.1 km 
from R-11 and considerable dis
turbance may result frbm excava
tl.on and transport of materlal.s 
from this material site prior to 
the f I Ill ng of Watana reservoIr 
and eventual flooding of this 
nesting location. 

Inundation (see potential effect 
of Watana Borrow Site J) 

The camp Is 1.4 km west of R-12. 
Minimal disturbance Is antici
pated as a result of construc
tion or use of the camp. 

The access road Is 1.9 km west 
of R-12. Little or no distur
bance Is anticipated as a result 
of the proximity of the access 
road. 

Inundation 



Nesting 
Location 

Number 

R-13 

R-14 

R-15 

R-16 

R-17 

R-18 

R-20 

R-21 

TABLE W76 
RAPTOR AND RAVEN NESTING LOCATIONS IN THE UPPER SUSITNA BASiN, ALASKA, 
THAT MAY BE AFFECTED BY THE SUSITNA HYDROELECTRIC PROJECT DEVELOPMENT (Cont 1 d) 

Est imateda 
Elevation 

lm (ft)J 

549 (1 800) 

549 - 580 
( 1 800 - 1 900) 

519 - 580 
( 1 700 - 1 900) 

442 ( 1 450) 

442 ( 1 450) 

427 ( 1 400) 

366 ( 1 200) 

427 ( 1 400) 

] 

Project Action 

Watana Camp 

Denali-Watana Access 
Road and Borrow Pit 

Watana Damslte 

Watana Borrow Site H 

Watana Borrow Site H 

F i I I I ng Dev II Canyon 
Reservoir 

F II I I ng Dev i I Canyon 
Reservoir 

F II I I ng Dev II Canyon 
ResGrvolr 

F II I i ng Dev i I Canyon 
Reservoir 

Dev II Canyon Dam 
Construction 

Potential Effects 

R-13 lies within 1.9 to 2.8 km 
of the camp, access road borrow 
pit and Watana damslte; however, 
little disturbance Is antici
pated. 

ThIs borrow s·l te Is 0.8 km from 
R-14 and some disturbance may 
result from excavation and 
transportation of materials from 
this site. 

This borrow site Is 0.2 km from 
R-15 and considerable distur
bance may result from excavation 
and transportation of materials 
from this site. 

Inundation 

lnundat I on 

Inundation 

Inundation 

The damsite Is 0.7 km upstream 
from R-21 and considerable dis
turbance may result from 
construction-related activities 
associated with the dam. 

] 
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Nesting 
Location 
Number 

1 - l 

TABLE W76 

RAPTffi. AND RAVEN NESTING LOCATIONS IN THE UPPER SUSITNA BASIN, ALASKA, 
THAT MAY BE AFFECTED BY THE SUSITNA HYDROELECTRIC PROJECT DEVELOPMENT (Cont 1 dl 

Estimated a 
Elevation 

[m (ftll 
Project Action 

Watana-Devll Canyon 
Access Road 

Potential Effects 

This road Is 0.2 km from R-21 
and lies near the top of the 
cliff on which R-21 was 
indicated by White ( 1974). 
Considerable disturbance may 
result from the construction 
and/or use of this road. 

aDifferences occur between elevations given here and those reported by Kessel et al (1982). 
Original estimates were obtained by attempting to locate nests as accurately as poss lble on 
USGS 1:63 360 maps with contour intervals If 100ft (majority) or 50ft (Talkeetna Mountains 
c.-n, but It was often difficult to precisely locate nests and to locate them relative to 
tightly-spaced contour Intervals (Cooper pers. comm., 1982) •. All elevations have been reviewed 
and soma revisions were made; however, In soma cases, estimates given here may contain errors 
of as much as 100ft. All elevations must be considered approximate (unless otherwise noted) 
until the majority are rechecked with an altimeter (hand-held or helicopter). 

] 



TABLE W77 
LINEAR DISTANCES OF CLIFFS IN VICINITY OF PROPOSED 
IMPOUNDMENTS, AND DISTANCES THAT WOULD BE INUNDATED, 
SUSITNA HYDROELECTRIC PROJECT 

Length 
Remaining 

Type at Length >15 m Above 
Cliff Inundated Waterline 

( km) ( km) 

Watana Reservoir 

A 15.1 0.9 
8 5. 1 o.o 
c 1.6 0.3 

Devi I Canyon Reservoir 

A 27.4 24.9 
B 8.3 7.9 
c 2.4 1.6 

Cliffs were ranked as follows. 
A- "Good potential raptor cliffs" {solid subsrate generally, 
currently used by nesting raptors). 
8- Fair or moderate potential for nesting (less solid and 
less massive subsrates generally, not currently used by 
nesting raptors. 
C- Poor potential for nesting, less desirable, loose soil 
or gravel cutbanks, or very low rock, not currently used, 
nor I ike 1 y to be used by nesting rap tors. 

.... 

"""! 

~. 
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TABLE. W78. 

FACTORS THAT AFFECT THE SENSITIVITY 
OF RAPTORS TO DISTURBANCES 

(From Roseneau et al, 1981) 

Characteristics of the Disturbance 

-type of disturbance 
- severity (speed, I oudness, suddenness, persistence, etc.) 
- frequency of occurrence 

Characteristics of the Bird 

the individual (individual differences in response) 
- sex 
- age 
- 'mood' (a factor of recent activities, weather) 
-territorial status (breeder, territorial non-breeder, or non-territorial 

floater) 
-stage of .annual life cycle (winter, migration, courtship, egg-laying, 

rearing young, etc.) 
- occurrence of other disturbances or natural stresses at the same time 
- previous experience with this type of disturbance (habituation may occur) 

Topography 

- nearness of disturbance to raptor or nest 
-relative elevations (is nest or raptor above or below the disturbance? 

by what distance?) 
-presence of screening features (trees, intervening hi I I} 
-direction faced by nest relative to sun, wind, disturbance 
- type of nest (exposed ledge, overhung ledge, cave) 
- distance of nest above foot of c l iff and be I ow I i p of c I iff ( i.e. , 

'security' of nest) 

Time of Day 

Weather at Time of Disturbance 

Potential Predators Nearby 

Type of Prey Uti I ized by the Bird (species, location, abundance) 



TABLE W78a 
PROPORTIONATE HABITAT LOSS FOR BIRDS 

~ 

Area Affected (ha) ... ~ 
Percent Percent of

2 of Upper Devil Oevi J Upper Basin 
Habitat Watana Watana Susitn~ Canyon Canyon CWatana and 

T:z:ee lmeoundment Construction Basin lmeoundment Construction Devi I Can:z:on -Wood I and spruce 4 267 567 2.6 153 0 2.7 
forest 

Open spruce 3 633 75 3.1 629 15 3.7 
forest 

Birch forest 785 19 62.3 487 3 100.0 

Mixed to rest 2 099 207 5.8 006 162 8.8 ~ 

Tall shrub 514 37 0.4 3 0 0.4 

Birch shrub 443 290 2.2 49 18 2.4 -
Wi I low and 717 323 0.2 18 0 0.2 
mixed low shrub 

Sedge tundra 84 a <0. 1 11 0 <0.1 
habitat 

Mat and cushion 0 70 a. 1 0 0 o. 1 
tundra -, 
1Percent loss is expressed as proportion lost over t4!'! 

2 
proportion of total availability of that habitat. 

Some stands of birch forest in the upper basin wi II 
be unaffected, but are too small to be mapped as 
a separate cover. 

'~ 

-



Timing 

Winter 

Arriva I and 
courtship 

Egg-laying 

Incubation 

Nest I i ng phase 

F I edg I i ng phase 

Night 

General 

TABLE W79 
INFLUENCE Or TIMING OF DISTURBANCE ON 

THE POSSIBLE EFFECTS ON RAPTORS 

(From Roseneau et a I , 1 981) 

Possible Effects of Disturbance 

Raptor may abandon nest, roosting cliff, or hunting 
area (e.g., gyrfalcon) 

Migrant raptor may be forced to use alternative nest 
site (if available), may remain but refuse. to breed 
or may abandon nest site 

Partial clutch may be abandoned and remainder (or 
full clutch) laid at alternative nest; breeding 
effort may cease or site may be abandoned 

Eggs may be chilled, overheated, or preyed upon if 
parents are kept off nest too long; sudden flushing 
from nest may destroy eggs; male may cease incubating; 
clutch or site may be abandoned 

Chilling, overheating, or predation of young may occur 
if adults are kept off nest; sudden flushing of parent 
may injure or kil I nestlings; malnutrition and death 
may result from missed feedings; premature flying of 
nestlings from nest may cause injury or death; adults 
may abandon nest or site 

Missed feedings may result in malnutrition or death; 
fledgl lngs may become lost if disturbed In high winds; 
Increased chance of injury due to extra moving about; 
parents may abandon brood or site 

Panic flight may occur and birds may become lost or 
suffer injury or death 

Undue expense of energy; increased risk of Injury to 
alarmed or defending birds; missed hunting opportunities 



S(!ecies 
ImpoundmenT 
1981 1982 

Goshawk 36 
Spruce grouse 209 96 
Rutted grouse 36 
Willow ptarmigan 11 9 
Rock ptarmigan 16 
White-tailed ptarmigan 
Lesser golden plover 
Greater yeilowlegs 4 4 
Common snipe 407 27 
Baird 1 s sandpiper 
Hairy woodpecker 105 <1 
Downy woodpecker 
N. 3-toed woodpecker 395 182 
Alder flycatcher 
Olive-sided flycatcher 36 
Horned lark 7 
Gray jay 473 914 
Black-capped chickadee 1 
Boreal chickadee 669 313 
Brown creeper 105 104 
American robin 26 390 
VarIed thrush 2 014 867 
Hermit thrush 988 407 
Swainson's tfirush 2 921 2 487 
Gray-cheeked thrush 1 123 1 020 
Arctic warb I er 475 405 
Ruby-crowned kinglet 3 554 2 934 
Water pipit 
Orange-crowned warb I er 51 
Yeliow-rumped warbler 3 907 3 196 

..... I 

TABLE W79a 
ESTIMATED NUMBER OF BREEDING PAIRS OF SMALL AND MEDIUM-SIZED UPLANq 
BIRDS THAT WILL BE ELIMINATED BY THE SUSITNA HYDROELECTRIC PROJECT 

(Based on Kessel et al, 1982, and Kessel pars. comm.) 

Watana 
ConsTrucfion Tofal ImpoundmenT 

Dev i I Canfon 
Consfrucf-on Total 

1981 1982 1981 198:2 1981 1982 1981 l982 1981 1982 

2 38 6 <1 6 
·22 8 231 104 101 36 5 101 411 

2 38 6 19 25 
9 5 20 14 <1 1 <1 1 

13 29 1 1 
1 1 

4 4 
1 1 5 5 <1 <1 

50 10 457 37 14 1 14 1 
6 14 6 14 

11 116 <I 52 1 10 62 1 
1 1 1 1 

24 11 419 193 78 31 4 82 32 
1 1 

2 38 6 <1 6 
2 10 2 17 1 <I 1 

37 30 510 944 113 122 11 18 124 140 
1 3 3 3 3 

72 33 741 346 270 151 26 29 296 180 
11 11 116 115 149 50 10 10 159 60 
30 41 56 431 B 18 8 18 

137 63 2 151 930 646 316 61 31 707 347 
61 14 1 049 421 489 196 38 1 527 197 

219 185 3 140 2672 952 762 135 94 087 856 
161 125 1 284 1 145 235 40 235 40 
244 217 719 622 24 22 4 5 28 27 
317 256 3 871 3 190 535 617 48 70 583 687 

4 14 4 14 
4 55 5 1 6 

342 260 4 249 3 456 440 918 168 103 608 021 

Access Grand Total 
1981 1982 1981 1982 

1 45 
39 10 371 155 

1 63 1 
4 1 25 15 
5 35 

1 
1 

5 5 
1 2 472 40 
2 2 8 16 

22 3 200 4 
1 1 2 2 

13 4 514 229 
3 4 

1 45 
1 4 3 22 

34 38 668 122 
5 5 8 9 

53 58 090 584 
24 20 299 195 

4 3 68 452 
176 78 3 034 355 
100 13 1 676 631 
307 212 4 534 3 740 

16 11 1 535 1 196 
63 59 810 708 

118 161 4572 4 038 
1 5 5 19 

2 63 
374 224 6 231 4 701 

.J 
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TABLE ~J79a 

(Based on Kessel et al, 1982, and Kessel pars. comm.) 

Watana Dev i I Can¥on 
lmpounament Construction Total lmeounamenf Construct 10n Total Access Grand Total 

seecies 1981 1982 1981 1982 l981 1982 1981 1982 1981 1982 1981 1982 1981 1982 1981 1982 

Blackpoll warbler 1 207 666 125 51 1 332 717 336 207 23 9 359 216 66 23 1 757 956 
Northern waterthrush 271 147 27 15 298 162 139 74 24 13 163 87 64 33 525 282 
Wilson's warbler 2 006 124 646 280 2 652 404 450 291 48 35 498 326 240 117 3 390 847 
Comllk)n red po I I 1 194 557 157 43 1 351 600 370 70 50 2 420 72 119 8 1 890 680 
Savannah sparrow 1 486 849 473 438 1 959 1 287 60 92 8 20 68 112 155 148 2 182 1 547 
Dark-eyed junco 2 970 3 004 435 233 3 405 3 237 736 793 85 81 821 874 214 194 4 440 4 305 
Tree sparrow 2 789 1 507 977 560 3 766 2 067 130 67 13 10 143 77 230 136 4 139 2 280 
White-crowned sparrow 1 602 1 241 403 295 2 005 1 536 69 49 4 2 73 51 76 43 2 154 1 630 
Golden-crowned sparrow 57 26 83 1 1 6 90 
Fox sparrow 621 2 064 201 229 822 2 293 197 306 19 29 216 335 68 76 2 106 2 704 
Lap I and long spur 18 II 22 16 40 27 2 1 1 <1 3 ' 8 6 51 34 
Snow bunting 1 1 1 2 

TOTAL 32 602 24 713 5 243 3 506 37 845 28 219 7 606 5 254 811 569 8 417 5 823 2 607 710 48 869 35 752 

1Estimates were made by extrapolating by habitat the number of breeding pairs 
per census plot to the area affected by various project. components. 



seecies 

Goshawk 
Spruce grouse 
Rut fed grouse 
Wi flow ptarmigan 
Rock ptarmigan 
White-tailed ptarmigan 
Lesser golden plover 
Greater yell ow I egs 
Common snipe 
Baird's sandpiper 
HaIry woodpecker 
Downy woodpecker 
N. 3-toed woodpecker 
Alder flycatcher 
01 Iva-sided flycatcher 
Horned lark 
Gray jay 
Black-capped chickadee 
Boreal chIckadee 
Brown creeper 
American robin 
VarIed thrush 
Hermit thrush 
Swalnson 1s thrush 
Gray-cheeked thrush 
Arctic warbler 
Ruby-crowned kinglet 
l~ater pI pIt 
Orange-crowned warbler 
Yeilow-rumped warbler 

TABLE WSO 
ESTIMATED PERCENTAGE LOSS OF BREEDING PAIRS OF SMALL- AND MEDIUM-SIZE~ 

UPLAND BIRDS FROM VARIOUS ASPECTS OF THE SUSITNA HYDROELECTRIC PROJECT 

Watana Devil Can~on 
Construction Construction 

Impoundment Zone Total Impoundment Zone 

3.0 0.2 3.2 0.5 <0,1 
5.3 0.6 5.9 2.6 
3.0 o. 1 3. 1 0.5 1.6 
1.3 1.0 2.3 0.1 
1.4 1. 1 2.5 o. 1 

o. 1 o. 1 
0.4 o. 1 0.5 
2.2 0.3 2.5 o. 1 

o. 1 o. 1 
5.3 0.6 5.9 2.6 0.5 

3.2 0.2 3.4 0.6 <0.1 

3.0 0.2 3.2 o.s <0.1 
0.1 o. 1 

1. 7 o. 1 1.8 0.4 <0.1 

4.5 0.5 5.0 1.8 0.2 
5.3 0.6 5.9 7.8 0.5 
0.2 0.2 0.4 <0.1 
3.1 0.2 3.3 1.0 o. 1 
2.7 0.2 2.9 1.3 o. 1 
4.7 0.3 5.0 1. 5 0.2 
1. 9 0.3 2.2 0.4 
0.2 o. 1 0.3 <0.1 <0. 1 
3.4 0.3 3.7 o.s <0.1 

o. 1 o. 1 
0.5 <0.1 0.5 <0.1 
5.0 0.4 5.4 1.9 0.2 

Access 
Route Total 

0.6 4.3 
1.0 9.5 

5.2 
0.5 2.9 
0.4 3.0 

<0. 1 0.1 
<0.1 0.5 
<0. 1 2.6 

o. 1 
1. 1 10.1 

0.1 4. 1 

3.7 
0. I 0.2 
o. 1 2."3 

0.4 7.4 
1. 2 19.9 

<0.1 0.5 
0.2 4.6 
0.3 4.6 
0.5 7.2 

<0.1 2.6 
<0.1 0.4 
o. 1 4.3 

<0.1 o. 1 
<0.1 0.6 
0.5 a.o 
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TABLE W80 
ESTIMATED PERCENlAGE LOSS OF BREEDING PAIRS OF SMALL- AND MEDIUM-SIZE~ 

UPLAND BIRDS FROM VARIOUS ASPECTS OF THE SUSITNA HYDROELECTRIC PROJECT (Cont 1d) 

Watana Devl! 1s Canlon 
Construction Construction Access 

S~ecles lmeoundment Zone Total lm~oundment Zone Route Total 

Blackpoll warbler 3.2 0.3 3.5 1.0 0.1 0.2 4.8 
Northern waterthrush 5.5 0.5 6.0 2. 8 0.5 i.3 11.6 
Wilson's warbler 0.4 O.i 0.5 <O.i <O.i <0. i 0.6 
Common redpo I I i.2 o .. i i.3 0.4 o. i o.i i. 9 
Savannah sparrow 0.2 <O.i 0.2 <O.i <O.i <O.i 0.4 
Dark-eyed junco 2.5 0.4 2. 9 0.6 O.i 0.2 3.8 
Tree sparrow 0.3 o.i 0.4 <O.i <0. i <O.i 0.5 
White-crowned sparrow i. 7 0.4 2. I o. i <0. 1 <0. i 2.3 
Golden-crowned sparrow <O.i <0.1 <O.i <0.1 <O.i 0.2 
Fox sparrow 6.6 o.8 7.4 o.8 o. i 0.3 8.6 
Lapland lo.ngspur 0.2 0.3 0.5 <O.i <0.1 o.i 0.7 
Snow bunting o. i o. i O.i O.,i 

iBird populations In the upper Susltna basin were estimated by extrapolating the breeding bird densities from 
census plots, by habitat, to the upper basin. The values In the body of this table are the estimated numbers of 
breeding pairs affected by each project activity (from Table Bird Impacts 2) divided by the estime~ted number of 
paIrs of that specIes In the upper bas In, expressed as a percent. 



TABLE W81: 

Reference 

Illinois Power 
Co. 1972 

Si e t ke. (In 
Saurola 1978) 

Stahlecker 1975, 
1 97 9 

Nelson 1978, 
1979a, 1980b 

Nelson 1980a, 
1980b 

Bridges 1980 

Lee 1 980 

THE SUCCESS OF ARTIFICIAL NESTING STRUCTURES 
INSTALLED ON POWER POLES AND TRANSMISSION TOWERS 
(EXCERPTED FROM OLENDORFF ET AL. 1981). 

Location 

Illinois 

East Germ any 

Co 1 a r ado 

Id aha 

Id aha 
Oregon 

North Dakota 

Oregon, 
Washington, 
Montana 

Type and No. 
of Structures 

1 Wooden Nestbox 

30 Iron Platforms 
on Poles 

12 Wooden Platforms 
1975 25 Nestboxes 
1976 25 Nestboxes 
1977 25 Nestboxes 

6 Wooden Platforms 
(2 to 4 Years Each) 

40 Steel Platforms 
on Towers 

20 Wooden or Wire 
Mesh Platforms 

1 977 4 Wood en/ 
Fiberglass Platforms 

1978 5 Wooden/ 
Fiberglass Platforms 
1979 5 Wooden/ 
Fiberglass Platforms 

*No. Occupied 
(and species) 

(Kestrel) 

Almost All Used 
Each Year 
(Ospreys) 

None 
12 (Kestrel) 
19 (Kestrel) 
24 (Kestrel) 

4 (Golden Eagle) 
(R e d - t a i 1 e d 

Hawk) 
(Osprey) 

**1 (Bald Eagle) 

Too Early for 
Results 

Too Early for 
Results 

(Red-tailed 
Hawk) 

(Osprey) 
(Osprey) 

(Osprey) 

*Minimum number of times used in time periods specified. 
**A pair occupied a platform early one season, but did not nest successfully. 

-
-

-



PARTIAL AVOIDANCE~---- TOTAL AVOIDANCE 

SOME MINIMIZATION 

TOTAL RECTIFICATiON 

SOME REDUCTION 

PARTIAL COMPENSATION 
TOTAL COMPENSATION 

r 

OPTION ANALYSIS 

( PREPARED BY TES) FIGURE E.3.1 
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design and ·permit 
construction application construction 

planning and review 

~ tf' 
field impact 

studies quantification monitoring 

~ 
mitigation 
strategies 

Mitigation 
Planning 

' long term 
mitigation 

RE4ATlONSHIP OF FIELP ~TUPlES AND M9N1TpR1NG 
TO IMPACT ASSESSMENT AND MITIGATION PLANNING 

; ' : 
' 

FIGURE E.3. 2 
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SUSITNA BASIN WITH FIELD STATIONS AND MAJOR GLACIAL STREAMS DEFINED, 

ADULT ANADROMOUS INVESTIGATIONS, SU HYDRO STUDIES, 1981. 
FIGURE E 3.4 

SOURCE ADF AND G 1981 b 
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SLOUGH LOCATIONS AND PRIMARY TRIBUTARIES 
OF THE SUSITNA RIVER FROM THE CONFLUENCE 

OF THE CHULITNA AND TALKEETNA RIVERS 
TO DEVIL CANYON, ADULT ANADROMOUS, 

SU HYDRO STUDIES, 1981 . 

SOURCE~ ADF,SG ~~~lb 
FIGURE E 3.5 
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Mckenzie Creek 

Lower Mcken:z:•e Creek 

A 

SLOUGH LOCATIONS AND PRIMARY TRIBUTARIES 
OF THE SUSITNA RIVER FROM THE CONFLUENCE 

OF THE CHULITNA AND TALKEETNA RIVERS 
TO DEVIL CANYON, ADULT ANADROMOUS, 

SU HYDRO STUDIES , 1981 • (CONT.). 

FIGURE E 3.6 
SOURCE: ADF,.ZG 1981 b 
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SLOUGH LOCATIONS AND PRIMARY TRIBUTARIES 
OF THE SUSITNA RIVER FROM THE CONFLUENCE 

OF THE CHULITNA AND TALKEETNA RIVERS 
TO DEVIL CANYON, ADULT ANADROMOUS, 

SU HYDRO STUDIES, 198 I . (CONT.)_ 

SOURCE : ADF.SG 1981 
FIGURE E 3. 7 
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I • - River Mile j 

Portage Creak 
Devil Canyo1 

SLOUGH LOCATIONS AND PRIMARY TRIBUTARIES 
OF THE SUSITNA RIVER FROM THE CONFLUENCE 

OF THE CHULITNA AND TALKEETNA RIVERS 
TO DEVIL CANYON, ADULT ANADROMOUS, 

SU HYDRO STUDIES , 1981 . (CONT.) 

SOURCE: ADFJSG 1981 FIGURE E 3.8 
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FIGURE E.3.8a: TIMING OF LIFE STAGES Of SALMJN IN THE SUSITNA RIVER FROM TALKEETNA TO DEVIL CANYON (Cont'd) 

J an f eb M ar A \fl_f M ay J une J 1 u A UQ s ep 0 t c N ov D ec 

Coho I I I I I I I I I I I --
- Adult Passage ••• ••• 
- Spawning •• •• 
- Incubation/Emergence ••••••••• •• 
- Rearing 

- Smolt ing ,. ••• 

Socke~e 

- Adult Passage ••• ••••••• 
- Spawning ••• •• 
- Incubat1on/Emergence •••••• •••• 
- Rearing ••• • •• 
- Outmigration* ···-···· 

* Juvenile sockeye appear to be absent from this reach. 

Source: ADf&G 1981a, 1981b, 1981c, 1981d, 1981e, 1981f, and 1982a. 
Trent 1982; and Morrm~ 1980. 

Intense activity 

•••••• Moderate activity 
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FIGURE E.3.8a: TIMING OF LIFE STAGES OF SALHJN IN THE SUSITNA RIVER FROM TALKEETNA TO DEVIL CANYON 

J an Fe b M ar A ~r M ~. J une J l u A ug s ep 0 t c N ov 0 ec 

Chinook I I I I I I I I I I I 
- Adult Passage •• •• 
- Spawning 

- Incubation/Emergence ••••• • •• 
- Reanng 

- Smelting ••• •• 

Pink --
- Adult Passage ••• •• 
- Spawning •• •• 
- Incubation/Emergence •••••• •• 
- Outmigration ··---·· 
Chum --
- Adult Passage ••• •• 
- Spawning •• •• 
- Incubation/Emergence •••••• ••• 
- Rearing •• • •••• 
- Outm igratlon •• ••• 

Intense activity 

•••••• Moderate activity 
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(FROM McKENORICH et al. 1982) 

1 l 1 

OPEN WATER ZONE WATER ZONE 
- USUALLY GREAtER THAN 2.1 mIN DEPTH - WATER FROM 0.8 TO 2.1 mIN DEPTH 

-LITTLE TO NO AQUATIC VEGETATION -USUALLY DOMINATED BY YELLOW POND LILY 

-SIZE VARIABLE DEPENDING ON BOTtOM MORPHOLOGY 

SHALLOW WATER ZONE 

- WATER 0.15 TO 0.8 mIN DEPTH 

- USUALLY DOMINATED BY BUR REED, HORSETAIL, 

MARE'S TAIL, AND BLADDERW.OiiT 

- SIZE VARIABLE DEPENDING ON BOTlOM MORPHOLOGY 

- SPECIES COMPOSITION INFLUENCED BY SUBSTRATE 

EMERGENT WETLAND PERIPHERY 

- WAT'ER FROM GROUND SURFACE TO 0.3m IN DEPTH 

- MAY CONTAIN A FLOATING MAT OF VEGETATION 

- DOMINANTS .INCLUDE SEDGE,COlTON GRASS,REED BENT GRASS , 

MARSH FIVEFINGER,BUCKBEAN,AND SPHAGNUM MOSS 

- SIZE INI'I.UENCED BY BOTtOM MOilPHOLOGY 

AND SUJIROUNDING TOPOGRAPHY 

SCHEMATIC REPRESENTATION 

A SCHEMATIC REPRESENTATION OF THE DOMINANT VEGETATION 
ASSOCIATED WITH MANY OF THE LAKES AND PONDS 

OF THE UPPER SUSITNA BASIN 
FIGURE W2 
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APPENDICES EA TO ED 

SUSITNA HYDROELECTRIC PROJECT 

Environmental Guidelines for Facility Siting, Design 
Construction, Operation, and Rehabilitation. 

A - ALL FACILITIES 

1. A 500-foot maximum width buffer of undisturbed vegetation should be 
maintained between a facility and any stream, 1 ake or wetland. 

2. Siting should minimize requirements for clearing removal of vegeta
tion. 

3. Where removal of vegetation is required, organic overburden should 
be segregated and stockpiled for use in subsequent rehabilitation. 
Stockpiles should be placed in well-drained locations and bermed to 
contain runoff. Depleted or nonoperat i onal borrow pits should be 
used as overburden storage areas where feasible. 

4. Structures should be consolidated to disturb the minimum necessary 
area of ground surface. 

5. Design should minimize gravel requirements by avoidance of wet 
areas or permafrost zones, structures con so 1 id at ion, and balanced 
c ut and f i 1 1 • 

6. Where gravel pads must be used, adequate provision for cross
drainage should be made to avoid impoundment of sheet flow. 

7. A minimum distance of 1/2 mile should be maintained between any 
facility and the following: 

-Salmon spawning area; 
-Bald eagle nest; 
- Golden eagle nest; 
- Brown bear den; 
- Wo 1 f den; 
- Oall sheep lambing area; and 
- M i n er a 1 1 i c k . 

8. Blasting should avoid times and locations which are sensitive to 
fish and wildlife. These times and 1 oc at ions should be determined 
on a case-by-case basis by the environmental consultant and in 
accordance with resource agency g ui del ines. Proper sizing and 
sequencing of blasting charges can minimize fish and wildlife 
impacts. Streamsi.de excavation should not be done by blasting. 
Blasting procedures and schedules must be sufficiently flexible 
to allow alteration at short notice for the protection of wildlife. 
Alaska Department of Fish and Game blasting guidelines should be 
followed. 



9. Excavation spoil should be disposed of in the future impoundment 
area of the dam under construction. ·Where haul distances prohibit 
this, spoil should be used in the rehab-ilitation of depleted or 
nonopera:tional material sites, or for solid waste disposal site 
maintenance. Spoil retained for these applications should be 
stockpiled in stable, well-drained locations, and bermed to contain 
runoff. 

10. Solid waste disposal sites should be established in stable, well
drained locations. Siting should utilize existing excavations such 
as depleted upland borrow pits. Intermittent drainages, ice-rich 
soils, or other -erosion-susceptible features should be avoided. 
Deposited material should be covered daily with nonsilty excavation 
spoil stockpiled for this purpose at the site. Solid waste dis
posal site design and operation should conform with guidelines 
established by the Alaska Department of Environmental Conserva
tion. 

11. Facility siting should avoid thaw susceptible areas (discontinuous 
permafrost zones) capable of slumping or thermal erosion. 

12. Where hydraulic erosion is unavoidable, appropriate measures (rang
ing from filtration fabric to settling ponds) should be employed to 
minimize siltation. 

13. Erosion-prone slopes should be fertilized and dry seeded with a 
fast-growing native grass. 

14. Equipment, structures and materials should be removed from a site 
prior to rehabi 1 itation. The site should be graded to contours 
which are consistent with surrounding terrain and allow complete 
drainage with minimal erosion potential. 

15. Where it can be demonstrated that erosion is not likely to be a 
problem, restoration should emphasize fertilization and scarifica
tion and minimize seeding, to encourage the invasion of native 
plants from the surrounding parent population. Where seeding is 
emp 1 oyed, native grasses appropriate to the climate and geography 
of the project area should be used. 

16. A systematic program to avoid or mitigate project activity-related 
impacts should be developed during Phase II. At a minimum, this 
program should include the following components: 

-A Petroleum and Hazardous Substance Plan which sets forth de
tailed specifications for training of personnel and for proced
ures and equipment to ensure the safe storage, handling, trans
poration, collection-, and disposal of petroleum products and 
hazardous substances. This program should include the prepara
tion of a Petroleum and Hazardous Substances Manual to ba used by 
all project personnel. Special attention should be given to the 
design of this manual so that size, format, and contents facili
tate routine on-the-job use. 
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-An Environmental Briefings Program to familiarize project per
sonnel with environmentally sensitive features of the project 
area, tederal and state regulations, agency permit stipulations, 
and specific project policies and restrictions regarding protec
tion of vegetation, fish, wildlife, and cultural resources. The 
Environmental· Briefings Program should be combined with the 
project Safety Program and involve continuing updates and 
reviews through regularly scheduled weekly meetings. The Envi
ronmental Briefings Program should be positive and informative 
in nature and use visual aids to stimulate interest. The pro
gram should strive to explain why a certain feature or organism 
is vulnerable to disturbance, and therefore why protective meas
ures are needed in each case.· 

17. Storage containers for fuels and hazardous substances should be 
1 ocated at 1 east 1500 feet from water bodies and bermed to cant ai n 
110 percent of the maximum volume to be stored. Containment ar~as 

should be lined with impervious material. 

18. Project construction and operation activities should be planned 
and scheduled to avoid or minimize disturbance to fish streams. 
Where activities affecting fish streams cannot be avoided (e.g., 
construction of stream crossings), activities should be scheduled 
for periods when fish are not present. Where stream crossings are 
planned for winter construction, the thalweg, banks, and other 
locational features should be identified and staked in the field 
prior to snowfall or freeze-up. 

B - CONSTRUCTION CAMPS 

1. 

2. 

3. 

4. 

To minimize scavenging by birds and mammals, with resultant ad
verse contacts between people and animals, all putrescible kitchen 
waste should be stored indoors in sealed containers and inciner
ated on the same day they are produced. 

Camp incinerators should be properly sized and operated by trained 
personnel to ensure that 'all putrescible wastes are completely 
burned to mineral ash. Incinerator capacity should be carefully 
specified to accommodate peak camp occupancy. 

Camp perimeters should be protected with animal-resistant fencing 
designed and built to specifications provided by the environmental 
consultant. 

The liquid waste treatment system should be operated by state of 
Alaska accredited personnel. Grey water must be treated along 
with other liquid wastes. A regular effluent sampling and testing 
program should be followed to ensure compliance with NPDES and 
state of Alaska Wastewater Disposal Standards {18 AAC 72). Efflu
ent testing should be conducted by a state of Alaska certified 
water quality laboratory. Effluent discharge to streams should be 
located to achieve maximum dilution. 



5. Wells should be established for potable water withdrawal. If 
wells are not feasible at a given location, water should be with
drawn from lakes. Streams should be considered only as a last 
resort, and only after a determination is made on a case-by-case 
basis that fish or wildlife will not be adversely affected by 
water withdrawal, particularly during overwintering and reproduc
tive periods. Intake structures should be designed to preclude 
entrapment or entrainment of fish eggs or larvae. 

C - ACCESS ROADS 

1. Road design speeds should be kept to the minimum consistent with 
project requirements and should not exceed 40 miles per hour. 
Lower design speeds allow greater flexibility for alignment adjust
ments to avoid environmentally sensitive features and reduce 
requirements for major road cuts. Lower design speeds also enable 
routing to follow higher, drier terrain, thereby reducing require
ments for gravel extraction and fill placement in wetlands. A 
40-mile-per-hour design speed will increase road safety and enhance 
recreational resource potential. 

2. Road profile elevations should be minimized and side slopes made 
sufficiently gentle to allow free passage of big game. 

3. Routes should avoid wetland and riparian areas, and minimize stream 
crossings and encroachments. 

4. Road design should keep gravel extraction requirements to a minimum 
by avoiding wet areas and emphasizing balanced cut and fill. 

5. Where stream crossings cannot be avoided, 
right angles to the stream and located to 
bank cutting and streambed disturbance. 
wintering areas within streams should be 
ments. 

they should be aligned at 
minimize requirements for 
Fish spawning and over
avoided by route adjust-

6. Bridges should be installed in preference to culverts or low-water 
crossings (fords). Bridge supports should be located outside 
active channels. 

7. Culverts should be properly sized to accommodate all species and 
age groups of fish utilizing that portion of the stream (see Alaska 
Department of Fish and Game stream crossing guidelines). 

8. Culverts should be placed to conform with the slope of the undis
turbed streambed at the place of installation and should not be 
perched. 

9. Low-water crossings should be used only where a stream will sustain 
infrequent, light traffic. Such crossings should conform to the 
slope of the undisturbed streambed and should be constructed of 
materials that will preclude water percolating through rather than 
over them. 

~i 
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10. Where stream crossings are pla.nned for winter construction, the 
thalweg, banks, and other locational features should be identified 
and staked in the field prior to snowfall or freeze-up. Over
wintering areas of fish or aquatic mammals must not be disturbed 
during winter construction. 

11. All access roads not required for project operation or recrea
t i ana 1 purposes, shou 1 d be 11 put to bed 11 as soon as they are no 
longer required, if possible during the same season. Drainage 
structures should be removed and the roadbed recontoured to a 
stable configuration providing proper drainage. Rehabilitation 
should include ·scarification, fertilization, and blockage with a 
berm followed by a cut. Erosion-prone locations should be seeded 
with fast-growing native grasses. Where impoundment of sheet flow 
has occurred, nonoperational roads should be structurally altered 
to restore normal flow. 

12. Road dust control should utilize water rather than oil or other 
synthetic compounds. Water wi thdrawa 1 procedures and sources for 
dust control should be approved on a case-by-case basis by envi
ronmental personnel following site-specific inspection. 

13. Grading or other road maintenance activities should not push 
material into streams. Culverts should be checked periodically 
and kept free of ice and debris to avoid blocking flows. Special 
attention to culverts is required immediately prior to, during, 
and following spring break-up. 

D - MATERIAL SITES 

1. A detailed, site-specific m1n1ng plan should be prepared for each 
borrow operation. Design should be an interdisciplinary team 
effort involving civil engineers and environmental specialists ex
perienced in design, construction, and permit requirements. Mining 

2. 

3. 

plans should include all roads, facilities, mining techniques, 
schedules, and rehabilitation procedures. 

Borrow areas required for dam and ancillary facility construction 
should be sited in the future impoundment area of the dam under 
construction. 

Siting of borrow areas outside the impoundment zone shou 1 d p 1 ace 
first priority on well-drained upland locations. Second priority 
consideration should be given to first-level terrace sites. Active 
floodplain and streambed sites should be avoided unless they are 
within the impoundment area of the dam under construction. Stock
piling within active floodplains should be prohibited. Floodplain 
gravel mining should follow the guidelines set forth in the U. S. 
Fish and Wildlife Service 11Gravel Removal Guidelines Manual for 
Arctic and Subarctic Floodplains, .. 1980. 



4. All material sites should be developed in phases by aliquots. The 
phases should be prioritized to save until last those portions of 
the site which are more sensitive from an environmental standpoint. 

5. First-level terrace sites outside the impoundment zone should be 
located on the inactive side of the floodplain and mined by pit 
excavation rather than by shallow scraping. Excavations should be 
separated from the active floodplain by a 500-foot buffer of undis
turbed, vegetated terrain. 

6. If wet processing is required, water withdrawal and discharge loca
tions should be carefully sited to minimize fish and wildlife dis
turbance. Drawdown in overwintering pools used by fish or aquatic 
mammals and any disturbance to spawning areas must be avoi.ded. 
Water intake structures should be designed to preclude entrapment 
or entrainment of fish eggs or 1 arvae. Gravel washing should 
employ recycled water. If pit dewatering is required because of 
ponding or wet processing, settling ponds should be designed, oper
ated, and monitored to ensure that NPDES standards for discharge 
are achieved. Settling ponds should be designed and sited to avoid 
fish entrapment. Water discharge should be directed in a manner 
that will minimize erosion. Energy dissipaters should be used 
where necessary. 

7. Abandoned access roads, camp pads, and airstrips should be used 
wherever feasible as material sources for operations in lieu of ex
panding existing sites or initiating new ones. Where riprap is re
quired, material produced during excavation of the powerhouse, gal
leries, and tunnels should be used if feasible. 

8. Material site design features should facilitate restoration. Sites 
should have irregular boundaries, including projections of undis
turbed, vegetated terrain into the site. Slopes should incorporate 
a diversity of contours created during actual excavation, rather 
than during restoration. 

9. Where pending will occur, as in first-level terrace sites, irregu-
1 ar boundaries and slope contours should be accentuated. Islands 
of undisturbed vegetated terrain should be left within the per
imeter of the operational site. 

10. Organic overburden, slash, and debris stockpiled during clearing 
should be distributed over the excavated area prior to fertiliza
tion. This includes sites which have ponded. 

11. Once operational material sites are depleted or no longer required, 
they should be rehabi 1 itated by the end of the next growing season 
fallowing 1 ast use. 

-

-

-
-
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E - TRANSMISSION CORRIDORS 

1. Where they are not adjacent to an existing road, transmission cor
ridors should be constructed by helicopter support to avoid neces
sary clearing of vegetation. In tundra locations where clearing is 
not required for access, winter construction on a snow base may be 
an acceptable substitute for helicopter-supported construction, 
provided Rolligon or flat-tread, Nodwell-type vehicles are used. 
Transmission corridor development should avoid creating an alter
nate access route for all-terrain vehicles. 

2. Transmission line additions should be made adjacent to established 
transmission corridors. Where transmission lines have a common 
destination, they should follow a common route. 

3. Transmission towers should not be placed in active floodplains and 
should avoid streams and lakes by a minimum 500 feet. 

4. Herbicides should not b-e used for vegetation control along trans
missfon corridors. 

5. Transmission corridors should follow the forest edge (i.e., the 
transition zone between forest and shrub or forest and tundra) and 
avoid crossing wetlands. 



APPENDIX EE: SCIENTIFIC NAMES OF MAMMAL SPECIES 
FOUND IN ·THE PROJECT AREA 

Common Name Scientific Name 

M:Jose 

Caribou 

Dall Sheep 

Brown Bear 

Black Bear 

Wolf 

Wolverine 

Belukha Whale 

Beaver 

r~uskrat 

River otter 

Mink 

Marten 

Red Fox 

Lynx 

Coyote 

Short-Tailed Weasel 

Least Weasel 

Masked Shrew 

Dusky Shrew 

Arctic Shrew 

Pygmy Shrew 

Collared Pika 

Snoweshoe Hare 

Hoary Marmot 

Arctic Ground Squirrel 

Red Squirrel 

Northern Red-Backed Vole 

Meadow Vole 

Tundra Vole 

Singing Vole 

Brown Lemming 

Northern Bog Lemming 

Porcupine 

~~ 
Rangifer tarandus 

Ovis dalli 

Ursus arctos 

Ursus americanus 

~lupus 

~gulo 

Delphinapterus leucas 

Castor canadensis ---
Ondatra zibethica 

Lutra canadensis 

Mustela ~ 

Martes americana 

Vulpes ~ 

Lynx canadensis 

Canis latrans 

Mustela ermines 

Mustela nivalis 

Sorex cinereus 

~ monticolus 

Sorex arcticus 

~hoyi 

Ochotona collaris 

Lepus americanus 

Marmots caligata 

Spermophilus parryii 

Tamiasciurus hudsonicus 

Clethrionomys rutilus 

Microtus pennsylvanicus 

Microtus oeconomus 

Microtus ~ 

Lemmus sibiricus 

S:ynaptomys borealis 

Erethizon dorsatum 

-

-
-
-
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Species 

Common loon 
Gavia immer ------

Arctic loon 
Gavia arctica 

Red-throated loon 
Gavia stall ata 

Red-necked grebe 
Podiceps grisegena 

Horned grebe 
Podiceps auritus 

Whist! i ng swan 
Olor columbianus 

Trumpeter swan 
Olor buccinator 

Brant 

Canada goose 
Branta canadensis 

White fronted goose 
Anser albitrons 

Snow goose 
Chen caerulescens 

Mallard 
Anas pi atyrhynchos 

Gadwall 
~ strepera 

Pintail 
Anas acuta -----

APPENDIX EF 
STATUS, HABITAT USE AND RELATIVE ABUNDANCE 
OF BIRD SPECIES IN THE UPPER SUSITNA BASIN 

(Based on Kessel et al, 1982) 

Status 1 
MaIn Relative

2 Habitats Abundance 

B I akes u-sp, F· , FC-S 

81 lakes U-sp, s 

81 lakes, rivers u-sp, s 

B lakes u 

B lakes u 

T lakes u-sp, F 

B lakes u-sp, F, FC-S 

T lakes, rivers u-sp, F 

T lakes u-sp 

T lakes U-sp 

B lakes, rivers c-sp, FC-S,F 

T, s lakes R-sp 

B lakes c-sp, FC-S, U-F 

American green-winged teal B lakes FC-sp, S, U-F 
Anas crecca care I i nens is 

Blue-winged teal T lakes R-sp, F 
Anas discors 

Amari can wigeon B lakes FC 
~americana 

Northern shove I er B lakes u 
~ clypeata 

Redhead T lakes U-sp 
Aythya americana 

Ring-necked duck T lakes R-sp, F 
Aythya collaris 



APPENDIX EF 
STATUS, HABITAT USE AND RELATIVE ABUNDANCE 
OF BIRD SPECIES IN THE UPPER SUSITNA BASIN (Cont 1d) 

(Based on Kesse I et al, 1982) 

Species 

Canvasback 
Aythya val islneria 

Greater scaup 
Ayt hya mar i I a 

Lesser scaup 
Aythya affinis 

Comm:>n go I deneye 
Bucephala clangula 

Barrow's goldeneye 
Bucepha"la islandlca 

Bufflehead 
Bucephala albeola 

Oldsquaw 
Clangula hyemalls 

Harlequin duck 
Histrionlcus histrionicus 

White-winged scoter 
Melanitta deglandl 

Surf scoter 
Melanitta persplcillata 

Black scoter 
Melanitta ~ 

Common merganser 
Mergus merganser 

Red-breasted merganser 
Mergus serrator 

Goshawk 
Accipiter genti I is 

Sharp-shinned hawk 
Accl piter striatus 

Red-ta i I ed hawk 
Buteo jamaicensis 

Golden eagle 
Aquila chrysaetos 

Bald eao le 
Hal 1aeeTus leucocephalus 

Marsh hawk 
C i reus cyaneus 

Osprey 
Pandlon hal iaetus 

Status1 

T 

B 

8 

B 

8 

T 

8 

B 

T 

B 

B 

8 

B 

B 

B1 

·B 

B 

B 

B? 

T 

Main 
Habitats 

lakes 

lakes 

lakes 

Relafive
2 Abund.ance 

U-sp 

C-sp, F 

FC-S 

lakes, rivers FC-sp, F, U-S 

lakes, rivers 

lakes U-sp, FC-F 

lakes FC-s p, S; U-f 

rivers 

lakes FC . 

lakes 

lakes 

lakes, rivers U 

lakes, rivers U 

deciduous and U 
mixed forest 

coniferous and U 
mixed forest 

coniferous and U 
mixed forest 

cliffs FC 

forests, ell ffs U 

meadows FC-sp, F; u-s 

lakes R-sp 

--

--~~ 

-
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APPENDIX EF 

STATUS, HABITAT USE AND RELATIVE ABUNDANCE 
OF BIRD SPECIES IN THE UPPER SUSITNA BASIN (Cont 1 dl 

Species 

Gyrfalcon 
Falco.rusticolus 

Peregrine tal con 
Falco peregrinus 

Merlin 
Falco columbarious 

Aroerican kestrel 
Falco sparverius 

Spruce grouse 
· Canach ites canadensis 

Ruffed grouse 
Bona sa umbe I 1 us 

Wi I low ptarmigan 
Lagopus lagopus 

Rock ptarmigan 
Lagopus mutus 

White-tailed ptarmigan 
Lagopus leucurus 

Sandhi I I crane 
Grus canadensis 

American golden plover 
Pluvialis dominlca 

Surfbird 
Aphrixa virgata 

Semipalmated plover 
Charadrius semipalmatus 

Common sn i pe 
Capella gallinago 

Wh imbrel 
Numerniu phaeopus 

Upland sandpiper 
Bartramia longicauda 

Spotted sandpiper 
Actitis macularia 

(Based on Kessel et al, 1962) 

Status1 

B, W 

T7 

B? 

T 

B, W 

v 

B, W 

B, W 

B, W 

T 

B 

B? 

B 

B 

B? 

B? 

B 

Main 
Habitats 

cliffs 

cliffs 

scattered 
woodland, 
forest edge 

open forest 

Relative 
Abundance2 

u 

2 records (1974) 

u 

R-F 

coniferious and FC 
mixed forest 

forest R 

low shrub land C 

low , dwarf C 
shrub I and, 
block fields 

high elevation U 
dwarf shrub 
tundra and 
block fields 

wetlands u 

dwarf shrub C 
mat and meadow 

dwarf shrub mat R 

a I I uv i a I bars 

wet meadows 

d•arf shrub 
meadow 

dwarf shrub 
meadow near 
scattered 
woodland 

alluvial bars 

u 

c 

u 

R 

c 



Species 

Solitary sandpiper 
Tringa solitario 

Greater ye II ow I egs 
Tri nga mal anoleuca 

Lesser yellowlegs 
Tringa flavlpes 

APPENDIX EF 
STATUS, HABITAT USE AND RELATIVE ABUNDANCE 
OF BIRD SPECIES IN THE UPPER SUSITNA BASIN (Cont 1d) 

(Based on Kessel et al, 1982) 

Status 1 

B'? 

B'? 

T, S 

Main 
Habitats 

Relative
2 Abundance 

scattered wood- U 
I and, forest 
edge near takes 

wet, meadows, U 
lakes and river 
soorel I nes 

I aka and river FC-sp; R-S 
store! I nes 

-

-
-
-

Pine grosbeak 
Pinicola enucieator 

T, S (8'?) open con I farous 
fu~rl ~ 

Gray-crowned rosy fInch 
Leucosticta tephrocotis 

Common redpo I I 
Carduel is flammea 

Pine siskin 
Carduel is pinus 

White-winged crossbill 
~ leucoptera 

Savannah sparrow 
Passerculus sandwichensis 

Dark-eyed junco 
~ hyemal is 

Tree sparrow 
Spilella arborea 

W h.ite-crowned sparrow 
Zonotrichia leucophrys 

Go I den-crowned sparrow 
Zonotrlchla atricapilla 

Fox sparrow 
Passerell a i I iaca 

Lincoln's sparrow 
Melosplze I incolnii 

Lapland longspur 
Calcarious lappcnicus 

Smith's I ongspur 
Cal carl us pi ctus 

Snow bunting 
Plectrophenax nivalls 

B'? 

B, W 

B'? 

S, B'? 

B 

B 

B 

B 

B'? 

B? 

B'? 

B 

B? 

B'? 

cl itts, block U 
fields 

I ow shrubs, 
open woodland 

mixed forest, 
tall shrubs 

coniferous 
forest 

A 

u 

FC 

I ow shrubs A 
w it h gram i no i d 
ground cover 

open and C 
closed forest 

low shrubs A 

low and C 
mad I um shrubs 

low shrubs, 
dwarf spruce 

u 

medium and tall FC 
shrubs with 
forest ov~rstory 

low and medium U 
shrubs near 
water 

dwarf shrub, A 
meadow and mat 

dwarf shrub, U 
meadow and mat 

high elevation FC 
cl i tts and block 
fields 

-

-

-



-

-
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-
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Species 

Wt'eatear 
Oenanthe oenanthe 

Townsend's solitaire 
Myadestes townsendi 

Arctic warbler 
Phyllosropus boreal is 

Golden-crowned kinglet 
Regulus satrapa 

Ruby•crowned kinglet 
Regulus calendula 

Water pipit 
Anthus spinoletta 

Bohemian waxwing 
Borribyci II a g~rru Ius 

Nortrern shrike 
Lanius ex cub i tor 

Orange-crowned warbler 
Vermivora eel ata 

Yellow warbler 
Dendra i ca pete chi a 

Yellow-rumped warbler 
Dendra I ca roronata 

Blackpoll warbler 
Dendroica striata 

Nortrern waterthrush 
Seiurus noveboracensis 

Wi I son's warbler 
Wilsonia pusil Ia 

Rusty blackbird 
Euphaqus carol inus 

Wandering tattler 
Heteroscelus incanus 

APPENDIX EF 

STATUS, HAS I TAT USE AND RELATIVE JIBUNDANCE 
OF BIRD SPECIES IN THE UPPER SUSITNA BASIN (Cont 1d) 

(Based on Kessel et al, 1982) 

Status 1 

8 

B 

B 

T 

B 

B 

87 

B 

B 

T, 57 

B 

B 

87 

8 

T, 57 (87) 

(87), T 

T 

Ma1n 
Habitats 

block fields 

cliffs 

scattered 
forest, 
medium 
shrubland 

Relative
2 Abundance 

u 

u -

FC 

roniferous and U 
mixed forest 

ron i ferous C 
forests 

dwarf shrub C 
mat, block 
fie I d 

scattered CTsp,F, u-s 
forest 

scattered U 
forest, ta I I 
shrubs 

scattered U 
forest, med I urn 
and tall 
shrub land 

riparian R 
willows 

forest C 

tal I shrubs, FC 
forest 

tall shrubs FC 
near water 

medium shrubs C 
with or without 
forest overstory 

open. coniferous U 
forest, ta I I 
shrubs 

tundra streams U 

alluvial bar R 



APPENDIX EF 

STATUS, HABITAT USE AND RELATIVE NJUNOANCE 
OF BIRO SPECIES IN THE UPPER SUSITNA BASIN (Cont 1d) 

(Based on Kesse I et al, 1982) 

Species 

Pectoral sandpiper 
Cal !dris melanotos 

Baird's sandpiper 
Ca I 1 d r is ba I rd i I 

Least sandpIper 
Cal tdris minutllla 

Semlpalmated sandpiper 
Cal idris pusilla 

Sander I I ng 
Calldris alba 

Northarn phalarope 
Lob I pes I obatus 

Long-bi lied dowitchar 
L imnoaromus seal opaceus 

La ng-ta i I ed jaeger 
Stercorarlus longicaudus 

Herring gu II 
Larus argentatus 

Mew gull 
Larus canus 

Bonaparte 1s gu I I 
Larus phi I ade I phi a 

Arctic tern 
Sterna paradisea 

Great oorned owl 
Bubo virginianus 

Hawk owl 
Surnia ulula 

S t-ort-eared owl 
Asia flammeus 

Boreal owl 
Aegol Ius funereus 

Bel ted k i ngf Is her 
Megaceryle alcyon 

Common f I i cker 
Co I aptes au ratus 

Status 1 

T 

8 

B? 

T, S 

T 

B? 

T 

B? 

T, S 

B, S 

B, S 

B 

8?, W 

T? 

87, w 

T, S, (87) 

B? W 

B? 

B 

Main 
Habitats 

Relative
2 Abundance 

wet meadows, U 
pond, I ake edges 

dwarf shrub U 
mat 

wet and dwarf FC 
shrub meadow 

lake and river U-sp, R-S 
s oores and bars 

I ake and rIver R-F 
s teres and bars 

wet meadows FC 
with ponds 

I ake and r 1 ver U-sp 
soores and bars 

dwarf shrub FC 
mat and meadow 

lakes, rivers u 

lakes, rivers C 

lakes, rivers, U 
scattered spruce 
woodland 

I akes and FC 
I akes !"ores 

open and U 
closed forest 

tundra 

mixed forest 

open habitat 

mixed forest 

cutbanks, 
rivers 

forest edge 

R 

IJ 

u 

R 

u 

u 

..... 

-
-

-
-



APPENDIX EF 
STATUS, HABITAT USE AND RELATIVE ABUNDANCE· 
OF BIRD SPECIES IN THE UPPER SUSITNA BASIN {Cont 1d) 

(Based on Kessel et at, 1982) 

Status 1 
Main Relatlve

2 seecies Habitats Abundance 

Hairy woodpecker B, w deciduous and u 
Picoides vlllosus mixed forest 

Downy woodpecker B?, w open deciduous u 
Pi co ides pubescens and mixed forest 

Black-backed three-toed B?, w coniferous R 
woodpecker forest 
Picoides arctlcus 

Northern three-toed woodpecker 8, w oon I ferous u 
F Picoides trldactylus forest 

Eastern kingbird A open shrubland 
Tyrannus tyrannus 

Say's proebe B upland cl j ff u 
Sayorn Is say a 

AIder flycatcher B? medium and u 
r Empidonax at norum tall shrubs 
I 

01 ive-sided flycatcher B? open and u 
Nuttallornis borealis scattered 

forest -
Western wood pewee B? deciduous R 

Contopus sordidulus forest 

Horned lark 8 dwarf shrub C-sp, F· FC-S 
alpestris ' Eremophi Ia mat, b I ock. 

field 

Violet-green swallow 8? riparian FC 
cliffs, rivers 

Bank swallow B cutbanks, u 
R i pari a riparia rivers 

Tree swa l I ow 8? rivers, lakes FC 
I r i doprocne bi color 

Cliff swallow 8 rivers, I akes u, L - Petrochelldon pyrroonota 

Gray jay 8, w oon i ferous and c 
' Perisoreus canadensis mixed forest 

B 1 ack-b i II ed magpie S, (8?) w open tall u 
~~ shrubs, scattered 

forest 

Common raven 8, w riparian and c Corvus corax upland cliffs 

B I ack-capped chickadee 8, w deciduous u 
F 

~ atri capt II us forest 



;]I 

Species 

Boreal chickadee 
Parus hudsonicus 

Brown creeper 
Certhia familiaris 

Dipper 
Cinclus mexicanus 

Amer i can robin 
Turdus migratorius 

Varied thrush 
lxoreus naevius 

Hermit thrush 
Catharus guttata 

Swainson 1 s thrush 
Catharus ustulatus 

Gray-cheeked thrush 
Catharus minimus 

APPENDIX EF 

STATUS, HABITAT USE .AND RELATIVE ABUNDANCE 
OF BIRD SPECIES IN THE UPPER SUSITNA BASIN (Cont 1 d) 

(Based on Kessel et al, 1982) 

Status 1 

B, W 

B 

B? W 

B 

B 

B 

B 

B 

Matn 
Habitats 

coniferous 
and mixed 
forest 

deciduous and 
mixed forest 

Rei af1ve 
Abundance2 

FC 

u 

rivers, U 
streams 

forest, medium C-sp,S; U-F 
and tal I 
shrub land 

forest, tall 0-sp,S; U-F 
alder thickets 

strip forested C-sp,F; U-F 
slopes, tall-
alder th icl<.ets 

forest FC 

scattered FC 
spruce, dwarf 
spruce, deciduous 
forest 

1 B breeding confirmed, B?- probably breeds, (B?l =possibly breeds, 
T transient, W = winters, S= summers, A = accidental 

2 A abundant, C =common, FC =fairly common, U =uncommon, R =rate, 
sp = srping, S =summer, F = fall, L = local 

-
-I 

-

., 
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Species 

Arctic loon 

Red-throated l.oon 

Red~necked grebe 

Doub I a-crested 
cormorant 

Tundra swan 

Brant 

Greater white
fronted goose 

Snow goose 
Canada goose 

Green..,.wi nged teal 

Mallard 
Northern pinta i I 
American widgeon 

Greater scaup 
Harlequin duck 
Surf scoter 
Common goldeneye 
Common merganser 

Bald eagle 

Sharp-shinned hawk 
Northern goshawk 
Red-ta i I ed hawk 

APPENDIX EG 

STATUS AND RELATIVE ABUNDANCE OF BIRD SPECIES C8SERVED 
ON THE LOWER SUSITNA BASIN DURING GROUND SlRVEYS 
CONDUCTED JUNE 10 TO JUNE 20, 1982 

Status 1 

M 

M 

M 

CM) 
M, ( PB) 

M, (PB) 

M, ( PB) 
M, ( PBJ 
M, (PB) 

M 

M 
M, 8 
M, CPBJ 

(M), 8 

CM), (PB) 
(RJ, CPB) 
( M), ( PB) 

Relative 
Abundance 

u 

u 
u 
u 

u 
FC 

u 

No. of 
Individuals 
Observed 

0 ( 2 seen in 
May 1982) 

6 (2 seen in 
May 1982) 

0 ( 5 seen in 
May 1981) 

0 (60 seen near 
mouth of river 
in May 1981 and 
420 seen near 
mouth of river 
in May 1982) 

0 ( 2 seen in 
May 1981) 

<50 (89 seen in 
May 1981 and 51 
seen in May 1982) 

3 ( 1 seen in 
May 1981 and 26 
seen in May 1982) 

Several 2 1 s and 3 1 s 
(42 seen in 

6 
<6 

May 1981) 

Most numerous 
surface feeding 
duck; seen in 

2 
6 
2 
4 

pa i rs a I ong rna I n 
river and sloughs 
almost every day· 

Small flocks of up 
to 10 seen along 
the rna in r i ver; 
most numerous 
ducks seen in May 
and June 

17 active nests 
seen in riparian 
cottonwood stands 

Several seen · 
Several seen 
1 



Species 

American kestrel 
Mer I in 

Sandhi! I crane 

APPENDIX EG 

STATUS AND RELATIVE ABUNDANCE OF BIRD SPECIES OOSERVED 
ON THE LOWER SUSITNA BASIN DURING GROUND SURVEYS 
CONDUCTED JUNE 10 TO JUNE 20, 1982 (Cont1 dl 

No. of 

Status1 Relative Individuals 
Abundance Observed 

( Ml' (P8) 1 
(M)' (P8) A few seen hunting 

along river 
M Several heard at< a 

distance along main 
river (27 seen near 
mouth of river in 
May< 1982) 

Semi pa I mated plover (M)' 8 u Nests in alluvium 
along the river 

Greater yellowlegs {M)' P8 u Seen and heard 
foraging along 
river 

Solitary sandpiper (M), (P8) FC Courtship rituals 
observed along 
river 

Spotted sandpiper (Ml' 8 c <Regularly seen; 5 
nests seen along 
shores of main 
river, sloughs and 
feeder streams 

Whimbrel M Only 1 observed; 
assumed to be late 
northbound migrant 

Comroon snipe (M), ( P8) FC Winnowing snipe were 
heard and/or seen 
along the river 

Red-necked phalarope 2 
Parasitic jaeger 3 
Bonaparte<r s gu I I (Ml, P8 FC Pairs and smaf I 

groups seen 
feeding along main 
river and sloughs 

Mew gull (M), PB FC 
Herring gull (M), 8 c 7 breedIng colonies 

of 20 - 100 pairs 
seen on alluvial 
islands along 
river between 
Talkeetna and 
mouth of river 

B I ack-1 egged (T) (R) 130; normal I y a 
kittiwake pelagic species; 

nearest breeding 
colony at Chisik 
Island in lower 
Cook Inlet 

Arctic tern (M)' B FC Pairs and smaf I 
groups 

~1 

-
-

~-

-
-
-

"""'" 

"""' 

-
-
-
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APPENDIX EG 

STATUS AND RELATIVE ABUNDANCE OF BIRD SPECIES OBSERVED 
ON THE LOWER SUSITNA BASIN DURING GROUND SURVEYS 
CONDUCTED JUNE 10 TO JUNE 20, 1982 (Cont 1 dl 

Species 

Great horned owl 

Short-eared owl 

Belted kingfisher 

Downy woodpecker 

Hairy woodpecker 

Northern 3-toed 
woodpecker 

Northern f I icker 

Alder flycatcher 

Tree swa I I ow 

Violet-green swallow 
Bank swa I I ow 

Cliff swallow 

Gray jay 

Black-bi I led magpie 
Common raven 

Black-capped 
chickadee 

Brown creeper 
Golden-crowned 

king I et 
Ruby-crowned 

kinglet 
Gray-checked 

thrush 

Status 1 

(Rl, CPBl 

(Ml 

CPBl 

(Rl, (PBl 

(Rl, B 

(Rl, CPS) 

(M), (PB) 

PB 

CMl, B 

(Ml, CPBl 
(Ml, B 

CMl, B 

(R), CPBl 

(R) 
CR), ( PBl 

CMl, 8 

(Ml 
(M) 

(M), P8 

(M), B 

Relative 
Abundance 

u 

FC 

c 

FC 

u 
FC 

LC 

u 

FC 

FC 

c 

No. of 
lndividuajs 
Observed 

Tracks seen; signs 
found in beach 
sand below Bell 
Is I and i nd i cate 
this owl was 
feeding on dead 
eulachon 

Remains of one owl 
were found below 
Bell Island 

Pairs regularly seen 
on feeder streams 

1 male observed in 
riparian cotton
wood forest 

Seen or heard 
regul arty 

2 seen in mixed 
forests af ong 
I ower river 

A few seen and 
heard In riparian 
cottonwood 

Seen regularly (4th 
most numerous 
land bird 

Seen regularly; 3 
nests seen 

Smal f numbers seen 
Some colonies of 

30 - 50 pairs 
Seen only at 

Talkeetna where 
comiiPnly breeds 
around bu i I d i ng 
eaves 

Very few seen or 
heard 

Uncommon but 
widely distributed 

Seen reg u f a r f y 

Seen regu I ar I y 

Seen reg u I ar I y (5th 
most numerous 
passerine on 
census 



Species 

Swainson's thrush 

Hermit thrush 

American Robin 
Varied thrush 

Bohemian waxwing 
Northern shrike 
Orange-crowned 

warb I er 
Yellow warbler 

Yellow-rumped 
warbler 

Blackpol I warbler 

Northern water 
thrush 

Wi I son's warbler 
Savannah sparrow 
Fox sparrow 
Lincholn's sparrow 
Golden-crowned 

sparrow 

White-crowned 
sparrow 

Dark-eyed junco 

APPENDIX EG 
STATUS AND RELATIVE ABUNDANCE OF BIRD SPECIES OBSERVED 
ON THE LOWER SUSITNA BASIN DURING GROUND SURVEYS 
CONDUCTED JUNE 10 TO JUNE 20, 1982 (Cont 1 d) 

Status 1 

(M), ( 8) 

(Ml, PB 

(M)' B 
(M), 8 

Ct•ll 
(M), (PB) 
(M), CPS} 

(M), 8 

( M), B 

CM), B 

(M}, B 

CM), PB 
(Ml • PB 
CM}, B 
(M), B 
CM) • B 

(Ml, 8 

(M), B 

Relative 
Abundance 

c 

u 

FC 
FC 

u 

FC 

FC 

c 

c 

c 

FC 
u 
c 
FC 
u 

c 

FC 

No. of 
Individuals 
Observed 

Seen regularly (7th 
rost numerous 
small landbi rd l 

Not recorded down
stream from 
Talkeetna 

2 nests observed 
Seen regularly (10th 

most common 
passerine 

Fewer than 12 seen 
2 
Seen regularly 

1 nest seen; tal I 
shrubs 

2nd most comrron 
passerine seen 
regularly in 
mixed forest, 
cottonwood and 
tall shrubs 

3rd most common 
passer i ne seen 
regularly in tall 
riparian shrubs, 
cottonwood and 
mixed forest 

Most numerous 
passerine seen 
regularly in 
riparian cotton
wood and mIxed 
cottonwood 

nest seen 

individual was 
heard just above 
Bell Island 

9th most numerous 
passerine seen 
regularly in 
med i urn to ta I I 
shrub thickets 
and cottonwood 
forests on sma I I 
islands 

-

-

-
-

-



-

Species 

Rusty b I ackb i rd 
Wh i te-w i nged 

crossb iII 
Common red po I I 
Pine siskin 

APPENDIX EG 
STATUS AND RELATIVE ABUNDANCE OF BIRD SPECIES OBSERVED 
ON THE LOWER SUSITNA BASIN DURING GROUND SURVEYS 
CONDUCTED JUNE 10 TO JUNE 20, 1982 (Cont 1 dl 

Status1 

(MJ, B 
(M} 

(MJ 
(M} 

Relative 
Abundance 

u 
u 

FC 
u 

2 
48 

No. of 
lnd ividua\ s 
Observed 

A few were heard 
or seen in 
cottonwoods 
along river 

11ncludes information on migration from aerial surveys in May ,1981 and 1982. 
2c l indicates assessments of status or relative abundance other than those 

provided by the University of Alaska museum. 



GE-l 

GE-2 

GE-3 

GE-4 

GE-5 

GE-6 

GE-7 

GE-8 

APPENDIX EH 

DESCRIPTION 

2.4 km upriver from Vee Canyon and 0.5 to 0.6 km up a narrow 
canyon on the north side of the Susitna River. Three nests 
present; 1980 nest 26 m up a 33 m cliff, 100 m back from and 
67 m above unnamed creek, 1981 nest 8 m up 12 m cliff 81 m 
back from and 67 m above unnamed creek (Kessel, et al, 1982, 
unpubl. data). 

4.2 km up the Susitna River from the mouth of Jay Creek and 
in a canyon on the north side of the Susitna River. Three 
nests were present; 1980 nest 5 m up 13 m cliff, 10 m back 
from and . 18 m above unnamed creek, 1981 nest 1 m up 5 m, 
vegetated cliff, 14m back from and 33 m above unnamed creek 
(Kessel, et al, 1982, unpub1. data). 

2.4 km up Jay Creek from its confluence with the Susitna 
River. Three nests were present; 1981 nest 5 m up 30 m 
cliff, 150m from west bank and 115 m above Jay Creek 
(Kessel, et al, 1982, unpubl. data). 

1.6 km up Kosina Creek from its confluence with the Susitna 
River and on the east side of Kosina Creek. This nest was 
identified as an inactive raven nest in 1981 but Golden 
Eagles nested there in 1982 (B. Cooper, pars. comm. 1982). 

1.0 km down the Susitna River from the mouth of Kosina Creek. 
The nest is 32 m up 38 m cliff on north riverbank (Kessel, 
et a 1 , 1982) • 

2.8 km down the Susitna River from the mouth of Kosi na Creek 
on the north bank of the river. White (1979) reported a 
Golden Eagle nest at this location in 1974 but his location 
may correspond to GE-5 since the area he indicated does not 
contain suitable nesting habitat. · 

9.6 km down the Susitna River from the mouth of Kosina Creek 
and 7 m up a 12-m cliff on a south-facing hillside above the 
south bank of the river (Kessel, et al, 1982). 

4.0 km down the Susitna River from the mouth of Watana Creek 
and 13 m up a 23-m c1 iff, 40-m bank from and 34 m above the 
north bank of the river. This nest was inactive in 1981 
although it did have a fresh spruce lining (Kessel, et al, 
1982, unpub1. data). 

GE-9 5.4 km up the Susitna River from the mouth of Deadman Creek 
on a cliff on the north bank of the river (Kessel, et al, 
unpub 1 • data). 

I!IQll. 

~· 

-



GE-10 

GE-11 

GE-12 

GE-13 

GE-14 

.... 
GE-15 

GE-16 

GE-17 -
GE-18 

BE-l 

BE-2 

11.2 km north of the proposed Watana damsite~ high on the 
&outheast side of Tsusena Butte (Kessel~ et al, unpubl. 
data). 

1.0 km down the Susitna River from the mouth of Tsusena Creek 
and 0.8 km up and on the east bank of a small unnamed drain
age (Kessel, et al, unpubl. data). 

10.0 km down the Susitna River from the mouth of Fog Creek on 
the north bank of the river. White (1979) reported a Golden 
Eagle nest at thi& location in 1974, but his location prob
ably corresponds to GE-13, since the area he indicated does 
not appear to contain suitable nesting habitant. 

9.4 km up the Susitna River from the mouth of Devil Creek on 
a cliff on the north bank of the river (Kessel~ et al, 
unpublished ~ata). 

5.6 km up the Susitna River from the mouth of Devil Creek. A 
Golden Eagle nest was reported at this location on the west 
side of the river in 1974 (White 1974); but the nearest suit
able habitat appears to be 1.4 km and 2.0 km further down
stream (B. Cooper pers. comm. 1982) and one of these 
locations may represent the actual 1974 location~ 

2.8 km up Devil Creek from its confluence with the Susitna 
River. Two nests (alternates) are present; one on the cliffs 
on the west side of Devil Creek and one on the cliffs on the 
north side of a small, unnamed tributary that empties into 
Devil Creek (Kessel, et al ~ unpubl. data). 

0.6 km up Devil Creek from its confluence with the Susitna 
River and 30m up 45 m vegetated clilff, 100m back from and 
120 m above Devil Creek on the west bank (Kessel, et al, 
1982). 

6.8 km down the Susitna River from the mouth of Devi 1 Creek 
and 3.5 km up and on the east side of a small drainage that 
joins the river from the south (Kessel, et al, unpubl. 
data). 

3.4 km up the Susitna River from the mouth of Portage Creek 
on a moderate sized cliff on the north bank (Kessel, et al, 
1982). 

4.2 km up the Susitna River from the mouth of Tyone River. 
White {1974) reported two closely associated nests on the 
east side of the Susitna River in 1974 but they appeared to 
be gone by 1980-81. 

3.4 km up the Oshetna River from its confluence with Susitna 
River and 4 m from edge of the west bank in a 22-m white 
spruce (Kessel, et al, 1982). 



BE-3 4.0 km down the Susitna River from the midpoint of Vee Canyon 
on the south bank of the Susitna River, just west of the 
mouth of a small unnamed tributary (White 1974, Kessel, et 
al, unpubl. data). 

BE-4 1.8 km up the Susitna River from the mouth of Kosi na Creek 
and 25 m up a 33-m cliff on the north bank of the river 
(White 1974, Kessel, et al, 1982). 

BE-5 

BE-6 

BE-7 

BE-8 

GYR-1 

.GYR-2 

GYR-3 

GOS-1 

GOS-2 

GOS-3 

R-1 

8.8 km up the Susitna River from the mouth of Watana Creek on 
a wooded island in a live white spruce (White 1979, Kessel, 
et a 1 , 1982) • 

9.2 km up Deadman Creek from its confluence with the Susitna 
River on top of a 15~m, broken-topped cotton wood, 25 m from 
the north bank of Deadman Creek (Kessel, et al, 1982). 

I 

On the south shore of a small pond (W8105), 1.2 km east of 
the northeast end of Stephan Lake and on top of a 13-m,· 
broken-topped poplar (Kessel, et al, 1982). 

1.0 km up the Susitna River from its confluence with Indian 
River and on top of a 23-m, broken-topped poplar, 4 m from 
the north riverbank (White 1974, Kessel, et al, 1982). 

At midpoint of Vee Canyon and 100 m up a 113-m cliff on the 
south bank of the Susitna River (White 1974, Kessel, et al, 
1982). 

6.8 km down the Susitna River from the mouth of Devi 1 Creek 
and 2.6 km up a gorge on the south side of the river. Nest 
is 100 m up 105-m cliff in the creek canyon (White 1974, 
Kessel, et al, 1982). 

1.8 km due south of the proposed Devil 1 s Canyon damsite. An 
active nest was reported in 1974 and White (1974) commented 
that it was " •••• back from high water 1 imits about lfi 
mi 1 e ••• " • 

0.3 km west of the mouth of Kosina Creek on the south bank of 
the Susitna River (B. Cooper pers. co~n. 1982). 

1.6 km up the Susitna River from the mouth of Fog Creek and 
on the southeast side of the river. Goshawk nests reported 
at this location in 1974 (White 1974). 

2.0 km southeast of the Devil' s Canyon damsite and on the 
west shore of a small lake (B. Cooper pers. comm. 1982). 

2.4 km upriver from Vee Canyon and 0.6 km up a narrow canyon 
on the north side of the Susitna River. A nest was reported 
on the east side Of the narrow canyon about 0.2 km from a 
small stream in 1974 (White, 1974). 

. -

-

-
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-
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R-2 0. 6 km up the Susi tna River from the midpoint of Vee Canyon. 

R-3 

R-4 

R-5 

An active nest was reported on the north side of the Susitna 
River on a south-facing cliff in 1974 (White 1974). 

At midpoint of Vee Canyon an active rest was reported on the 
south-facing slope of the north bank of the Susitna River in 
1974 (White 1974). 

5.6 to 6.6 km down the Susitna River from the midpoint of Vee 
Canyon on the north bank. An active nest was reported at 
this genera 1 1 ocat ion in 1974 (White 1974). It was probably 
located on one of the two small existing south-facing cliff 
areas. 

1.6 km up Jay Creek from its confluence with the Susitna 
River. An active nest was reported about 0.1 km east of Jay 
Creek up a small unnamed tributary that joins Jay Creek 
(White 1974). 

R-6 1.4 km up Kosina Creek from its confluence with the Susitna 
River. An active nest was reported about 0. 2 km east of 
Kosina Creek on a northwest-facing hill (White 1974). 

R-7 4.6 km down the Susitna River from the mouth of Kosina Creek. 
An active nest was reported on the north bank of the Susitna 
River in 1974 {White 1974). 

R-8 5.0 km up the Susitna River from the mouth of Watana Creek. 

R-9 

An active nest was reported on the north bank of the Susitna 
River in 1974 (White 1974). 

1.0 km up the Susitna River from the mouth of Watana Creek. 
An active nest was reported on the north bank of the Susitna 
River in 1974 {White 1974). 

R-10 4.6 km down the Susitna River from the mouth of Watana Creek. 

R-11 

R-12 

R-13 

An active nest was reported on the north bank of the Sus itna 
River in 1974 {White 1974). The nest was inactive in 1980 
{Kessel, et al, 1982). 

0.2 km down the Susitna River Jrom the mouth of Deadman 
Creek. A nest was reported on the south bank of the Susitna 
almost opposite the mouth of Deadman Creek (Whit~ 1974). 

1.4 km up Deadman Creek from its confluence with the Susitna 
River and 13m up a 32-m cliff on the east bank of the creek 
(Kessel, et al, 1982). 

4.2 km up Tsusena Creek from its confluence with the Susitna 
River. Two nests (alterates) were reported to be on a cliff 
on the east bank of the creek. (Kessel, et al, 1982). 



R-14 

R-15 

R-16 

R-17 

3.8 km up Fog Creek from its confluence with the Sus i tna 
River. Two nests (alternates) were located on the north side 
of the creek and another alternate nest was 1 ocated on the 
south side. (Kessel, et al, 1982). 

2.4 km 
River. 
of the 
of the 

up Fog Creek from its confluence with the Susitna 
Two nests (alternates) were located on the north side 

creek and an active nest was located on the south side 
creek (Kessel, et al, 1982). 

7.4 km up the Susitna River from the mouth of De vi 1 Creek. 
Nests were reported on the north bank of the Susitna River in 
1974 (White 1974). 

7.4 km 
0.5 km 
River. 
{White 

up the Susitna River from the mouth of Devil Creek and 
up a small drainage.that flows south into the Susitna 

A nest was rej)Orted at this location in 1974 
1974). 

R-18 2.4 km up the Susitna River from the mouth of Devil Creek. 
nest was reported on the north shore of the Susitna River 
1974 (White 197~). 

A 
in 

R-19 1.0 km up Devil Creek from its confluence with the Susitna 
River and near the top of a cliff on the west bank of the 
creek. An active nest was reported here in 1974 (White 1974) 
and it was active in 1980 (Kessel, et al, 1982). 

R-20 1. 9 km down the Sus itna River from the mouth of Devil Creek 
on cliffs on the northwest side of the river (Kessel, et al, 
unpub 1 • data) • 

R-21 3.6 km up the Susitna River from the mouth of Portage Creek 
and 0.6 km downstream from the proposed Devil Canyon damsite 
on the north bank of the river. A nest was reported at this 
location in 1974 (White 1974). 
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