SUSITNA HYDROELECTRIC PROJEC

E Sureau of Land

- FINAL REPORT B

lg—'\»’

Blc?’ GAME STUDIES

€ e

VOL 1 OOSE UPSTREAM

4 Jackson S. Whitman

Alqska Departmem of Fish & Game
: -‘-?—’af 333 Raspberry Road

s Anchorage, Alaska 99518

\—-“"

'-4A

HARITAT DIVISION — 'mmw j
ALLSYA DEARTMENT OF F Ga B
723 RASPBERRY ROADN_

ANCHORAGE, ALASKA 99518 - 13




.,
Y,

by
Pﬁt
™y

TK
1435
SY.

'SUSITNA HYDROELECTRIC PROJECT **!

no‘{‘t‘l

333 RASPBENPY ROA
ANCHORAGF ALASKA 99518 - ]5‘?9




1

PREFACE

Between January 1980 and June 1986, the Alaska Power Authority
(APA) contracted with the Game Division of the Alaska Depart-
ment of Fish and Game (ADF&G) to provide field data and recom-
mendations to be used for assessing potential impacts and
developing options for mitigating impacts of the proposed
Susitna Hydroelectric Project on moose, caribou, brown bear,
black bear, Dall sheep, wolf, wolverine, and belukha whales.
ADF&G was only one of many participants in this program.
Information on birds, small mammals, furbearers, and vegeta-
tion was collected by the University of Alaska and private
consulting firms.

Formally, ADF&G's role was to collect data which could be used
to describe the baseline, preproject conditions. This infor-
mation was supplemented with data from other ADFs&G studies.
Baseline conditions were defined to include processes which
might be sufficiently senstive to either direct or indirect
project-induced impacts to alter the dynamics of the wildlife
populations. The responsibility of impact assessment and
mitigation planning was assigned by APA to several private
consulting firms. ADF&G staff worked closely with these
firms, but only in an advisory capacity.

The project was cancelled before the impact assessment and
mitigation planning processes were complete. In an effort to
preserve the Jjudgments and ideas of the authors at the
termination of the project, the scope of this report has been
expanded to include material relating to impact assessment and
mitigation planning. Statements do not necessarily represent
the views of APA or its contractors. Conjectural statements
sometimes are included in the hope that they may serve as
hypotheses to guide future work, should the project be
reactivated.

The following list of reports completely cover all of the Game
Division's contributions to the project. It should not be
necessary for the reader to consult the many progress reports.

Moose

Modaferri, R. D. 1987. Susitna Hydroelectric Project, Big
Game Studies. Final Report. Vol. I - Moose -
Downstream. Alaska Dept. of Fish and Game.

Ballard, W. B. and J. S. Whitman. 1987. Susitna
Hydroelectric Project, Big Game Studies. Final Report.
Vol. II - Moose - Upstream. Alaska Dept. of Fish and
Game. :



Becker, E. F. and W. D. Steigers. 1987. Susitna
Hydroelectric Project, Big Game Studies. Final Report.
Vol. III - Moose forage biomass in the middle Susitna
River basin, Alaska. Alaska Dept. of Fish and Game.

Becker, E. F. 1987. Susitna Hydroelectric Project, Big Game
Studies. Final Report. Vol. V - Moose Carrying Capacity
Estimate. Alaska Dept. of Fish and Game.

Caribou

Pitcher, K. W. 1987. Susitna Hydroelectric Project, Big Game
Studies. Final Report. Vol. IV - Caribou. Alaska Dept.
of Fish and Game.

Black Bear and Brown Bear

Miller, S. D. 1987. Susitna Hydroelectric Project, Big Game
Studies. Final Report. Vol. VI - Black Bear and Brown
Bear. Alaska Dept. of Fish and Game.

Wolf

Ballard, W. B., J. S. Whitman, L. D. 2umiller, and P. Hessing.
1984. Susitna Hydroelectric Project, Big Game Studies.
1983 Annual Report. Vol. V - Wolf. Alaska Dept. of Fish
and Game. 44pp.

Ballard, W. B., J. S. Whitman, and C. L. Gardner. 1987.
Ecology of an exploited wolf population in southcentral
Alaska. Wildlife Monographs No. __ (In press}).

Wolverine

Whitman, J. S. and W. B. Ballard. 1984. Susitna
Hydroelectric Project, Big Game Studies. 1983 Annual
Report. Vol. VII - Wolverine. Alaska Dept. of Fish and
Game, 25pp.

Dall Sheep

Tankersley, N. G. 1984. Susitna Hydroelectric Project, Big
Game Studies. Final Report. Vol. VIII - Dall Sheep.
Alaska Dept. of Fish and Game. 9lpp.

Balukha Whale

Calkins, D. 1984. Susitna Hydroelectric Project, Big Game
Studies. Final Report. Vol. IX - Belukha Whale. Alaska
Dept. of Fish and Game. 16pp. .
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SUMMARY

From 1976 through 1985, moose (Alces alces) demography,
movements, and habitat use were studied in relation to a
proposed hydroelectric development project along the middle
Susitna River in southcentral Alaska. History of the moose
population from the 1940s to initiation of these studies was
reviewed. The moose population increased in the 1940s and
1950s due to mild winters, favorable range conditions, and low
rates of mortality from hunting and predation. The population
peaked in 1963 and began declining following a series of
severe winters and high predation. Record 1low levels were
reached by 1975.

Between 1976 and 1985, 463 moose (61 5~ to 1l0-month-old
calves, 184 adults and 218) neonates were captured, processed,
and equipped with either radio-collars or wvisual collars to
aid in determining the causes of population decline and to
assess potential impacts of hydroelectric development.
Movements of radio-collared animals in relation to two pro-
posed impoundments were used to delineate the boundaries of
zones where moose would be impacted. The moose population
within the =zones was censused in 1980 and 1983, and data
concerning sex-age composition were <collected annually.
Within a 6,522 km2 area the moose population was estimated at
4,500 in 1980 (0.69 moose/km2), whereas in 1983, the moose
population was estimated at 4,573 within a 7,586 km2 area
{(0.60 moose/km2). Average age of adult cow moose was
7.7 years. Although average age of captured moose increased
as. the study progressed, differences were attributed to
sampling biases associated with study of different subpopula-
tions. Pregnancy rates were initially high, averaging 81%,
but apparently declined as the project progressed due to
inaccurate diagnoses and study of the same individual moose




which became older and less productive. Parturition occurred
between 18 May and mid-June with 96% occurring between 24 May
and 10 June. Twinning rates -averaged 38%. Overall, neonatal
sex ratios were skewed in favor of males, but this difference
was due to a large unexplained difference in 1977.

Two hundred and eighteen neonates were <captured and
radio~collared to determine causes of mortality within 4 areas
during 1977, 1978, 1979, and 1984, Predation accounted for

83% of total mortality. Most mortality occurred during the
first 6 weeks of life. Brown bears (Ursus arctos) were the
greatest (73%) cause of mortality followed by miscellaneous
factors (12%). Rates of mortality between collared and

uncollared calves were similar. Within the impoundment zones,
black bears (Ursus americanus) were more dense than brown
bears, but the latter were still the most important source of
calf moose mortality. Twin calves had lower survival rates
than single calves. Survival through 5 months of age averaged
26%. From 6-12 months of age during severe winters, males had

lower survival rates than females. There were no differences
in survival rates between sexes during mild winters. Annual
calf survival rates averaged 22 and 17% for females and males,
respectively. Yearling and adult female annual survival
averaged 95%. Lowest annual survival (92%) occurred during a
severe winter. Predation accounted for 8 of 11 mortalities

when cause of death was known. Mortalities were equally
divided between snow and snow-free periods. Adult bulls had
lower survival rates than yearling bulls because the latter
were protected from human harvest from 1980-86. Adult bulls
(2 vyrs) had 1low rates of natural mortality (excluding
hunting). Mean group size was greatest in October and lowest
in August.

Three major periods of moose movement were readily
identifiable: autumn, spring, and during the rut. In late
September and early October some moose made distinctive
movements for breeding purposes. Dates of autumn migration to
winter range were variable, but apparently coincided with
first major snowfall. Spring migration was also variable and
appeared related to snowmelt. Resident moose had overlapping
seasonal ranges, whereas migratory mcose had nonoverlapping
ranges separated by as much as 93 km. Home range use was
traditional. ©Seasonal and total home range sizes of resident
moose were correlated with number of relocations and appeared
adequately defined when numbers of relocations >13 and >39,
respectively. Migratory moose home range sizes were not
positively correlated with numbers of relocations. Summer,
autumn, and total home range sizes of migratory moose were
larger than those of resident moose, but winter home range
sizes were not different. Total home range size of migratory
moose averaged 505 km2?, whereas resident home ranges averaged
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‘within the proposes

290 km2; both were - larger: ‘than those Treported in the
literature . ore. representative method of estimating home
range size’ wasﬁAdescrlbednragg compared with the traditional
method. Average age of separation of offsprlng from adults
was 14 months Follow1ng initial separation, thirty-three
percent of’ offsp,'ng ‘temporarily reassociated with parents
from 1-6 occasion Sixty percent of 15 offspring partially
or fully dlspersed“from the parental home range. More males
than' females: dispersed.’: Home range sizes of parents and
offspring were correlated. Males had larger home ranges than
females., : S :

changes™ in moose distribution and density
impoundments occurred in the Watana and
A - Numbers. of moose within the Watana
_winters of moderate severity ranged from
e/km’).e In comparison, numbers of moose
: .; Canyon‘ impoundment were relatively 1low,
ranging: from”tO 5-1.0" moose/mJ.2 (0.2-0.4 'moose/km2). Both
spruce (Plcea‘spp‘ and willow (Salix spp.) vegetation types
were used dlspropor 1onately to their availability. Moose did
not select.. habitats strictly. on the basis of browse
availability During winter; areas with relatively low browse
biomass were‘heav1ly used by moose, apparently because the
browse that was’ present was more available due to shallower
snow depths,: Moosemoccurred at lowest elevations during April
and highest eleva ons during the rut. Elevations from 1,800-
3,000 ft (549- 914Lm) were used by moose dlsproportlonate to
avallablllty Annually, north ‘and south facing slopes were
preferred.:: Relocatlons of radio-collared moose were heavily
biased toward: dayllght” observations: during which time they
were - usually 7 : ‘Highest = frequency of feeding
observatlonS'o ﬁg_summer.’

Greatest seasone

Jay Creek draina
1mpoundment durin
42-580. .3
within.

An index for estimating w1nter severlty early in the vear and
which also” allowed comparlsons of individual winters was
developed and_desc 1bed - Use of different elevations by moose
during winter: , ' severity. Lower
elevations were ‘used as winters became more severe in terms of
total snow’ dept. It was predicted that during a severe
winter 50% of the adlo-collared moose ‘would occur within the
areas to be ‘inundated. AN :

Potentlal 1mpacts to moose as a result of the proposed project
were classified: into- 3. categories: important, potentially
lmportant,‘_and unlmportant.u\ Thirteen important impacts to
moose were: ldentlfled and discussed. These included such
impacts as permanen 'and temporary habitat loss, displacement
and dlsruptlo : movements,, - ~increases in accidental and
human- caused ity,#: and: increased ° mortality from
predatlon i 1dent1f1ed potentlally 1mportant impacts,
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~during this study.g

p0551ble changes ln climate w1th1n an unknown radius of the
impoundments could. be  the most important. Five unimportant
impacts were 1dent1f1ed and. discussed. Several approaches
were used in an attempt to quantlfy the numbers of moose which
potentially would’ be;lost if the hydroelectric project were
built, A subjectlve]appralsal of the numbers of moose to be
lost from 12 moosé”subpopulatlons indicated that about 1300
might be lost as a result:. of the project. This latter
estimate was 51m11ar to an estimate (second approach) of the
habitat carrying capacity within the impoundments during a
severe winter.: Populatlon modeling (third approach) indicated
that minor changes in several key population parameters as a
result of the pro:ect ‘would be sufficient to either cause or
accentuate a populatlon decline and perhaps help to maintain
the population at lower levels. Actual losses to the moose
population, however,*can not be accurately predicted at this
time. .. Importance of the impoundments to moose during severe
winters could be 51gn1f1cantly different than that observed
A number of post impoundment studies that
will be necessary to’ adequately guantify losses to the moose
populatlon as a result of the prOJect are briefly summarized.

vi o
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INTRODUCTION

Historically, Game Management Unit (GMU) 13 has been one of
the most important moose hunting and viewing areas in Alaska.
Between 1963 and 1975 about 18% of the statewide harvest came
from the area. The moose herd was thought to have increased
during the 1940s and 1950s (Bishop and Rausch 1974}).
Estimates of sex-age composition were initiated in 1952, and
annual surveys have been conducted in selected areas since
19585, Moose numbers were thought +to have increased,
apparently in response to favorable range conditions, low
numbers of predators, and relatively low human harvests.
Bishop and Rausch (1974) stated the concensus was human
harvests only slightly affected sex and age ratios during that
time periocd.

The moose population apparently peaked in 1960 and then began
declining (Bishop and Rausch 1974). There appeared to be an
inverse relationship between numbers- ¢f wolves (Canis lupus)
and moose, Wolf numbers were reduced to about 12 in the
entire basin through predator control and aerial hunting
activities {Rausch 1967, 1969). Termination of those
activities resulted in a large wolf population increase
(peaked 1965) and an apparent moose population decline (Bishop
and Rausch 1974}, Numbers of both brown and black bears were
also thought to have been reduced during predator control.
activities, which may also have contributed to the moose
population increase.

Severe winters contributed to the moose population decline
(Bishop and Rausch 1974). With the exception of winter
1955-56, moose productivity was thought to be high and



mortality low until winter 1961-62 when the population began
declining. A severe winter also apparently occurred 1in
1965-66, but its effects were poorly understood (op. cit.). &
severe winter with record snowfall occurred in 1971-72, and
mortality was high; subseguent calf production and calf
survival in 1972 were low.

Between 1962 and 1974, hunters became more efficient at
harvesting moose due to increased use of aircraft and all
terrain vehicles. Thus, while the moose population declined,
moose harvests remained "almost constant” (Bishop and Rausch
1974) ., They concluded that, after severe winters, the
combined effects of mortality by humans and wolves had the
capacity to preclude moose population growth and could have
contributed to further moose population declines.

A severe winter occurred during 1974-75, further reducing calf
survival, and the moose population appeared to continue 1its
decline. Drastic reductions in human harvests appeared
necessary for the moose population to recover. If predation
was responsible for keeping the moose population at low
levels, reductions in predator numbers would also result in a
moose population increase. Predator-prey investigations were
conducted from 1976-1985 and have been summarized by Ballard
et al., (198la,b, 1982a, and Ballard and Whitman (1987).

While the GMU 13 moose population was undergoing these

fluctuations, studies were conducted concerning the
feasibility of hydroelectric development along the Susitna
River. In 1948, Kaiser Aluminum Co. £first examined the

feasibility of hydroelectric development of the Susitna River.
Since that time development proposals have ranged from a
2-12 dam system (Taylor and Ballard 1979). Most recently, the
Devil Canyon-Watana Creek 2-dam system was selected by the
U. S. Army Corps of Engineers (Corps) as the most viable of
several development alternatives. Limited funds became
available for studies of moose  distribution in 1975 in
relation to the proposed impoundments (McIlroy 1975). The
Corps increased the amount of funding in 1976, and results of
these efforts were presented by Taylor and Ballard (1979) and
Ballard and Taylor (1980). During the severe winter of
1978-79, few funds were available for studying moose; this
became important because the proposed impoundment areas were
thought to be important habitat during severe winters.

During the 1late 1970s, the state of BAlaska took over
responsibility from the Corps for power development along the
Susitna River. The State, recognizing the importance of
wildlife resources in the area, initiated a series of studies
in 1980. Detailed baseline information on moose numbers and
ecology was sought to both adequately predict and monitor the



effects of large-scale hydroeleétric development on moose
populations and to mitigate impacts.

The present study was conducted for two reasons: (1) to
determine the causes of moose population decline in portions
of GMU 13 since 1960, and (2) to determine the potential
impact of Susitna hydroelectric development (2-dam system,
Watana, and Devil Canyon impoundments) on moose. This report
summarizes the results of studies from October 1976 through
January 1986, including data from other GMU 13 studies
pertinent to evaluating potential impacts of hydroelectric
development.
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STUDY AREA

The original study area included most tributaries which drain
into the Susitna River upstream of the mouth of Portage Creek
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(Fig. 1). The boundary generally followed the Denali Highway
on the north; the Maclaren River and Tyone, Susitna, and
Louise Lakes systems on the east; the Glenn Highway and Little
Nelchina River on the south; and drainages upstream of Portage
Creek on the west (Ballard et al. 1982b). Reductions in the
study area were made in 1983 (Ballard et al. 1983) when
different zones of impact were identified.

Data from radio-collared moose, -which either seasonally or
annually occupied areas to be directly altered by operation
and maintenance of the Watana and Devil Canyon impoundments,
were used to delineate an area where moose would be directly
impacted. Home range polygons (Mohr 1947) were delineated for
each moose which utilized either land to be inundated or lands
which were to be altered by major facilities, encampments, or

borrow pits. OQutermost points of all these polygons were
connected and used to delineate the border of a primary impact
zone (Fig. 1l}. In addition, a secondary impact 2zone was

delineated on the assumption that moose displaced from the
primary impact zone would compete with moose occupying the
secondary zone. Although moose in the secondary impact zone
were not known to use areas directly impacted by the proposed
project, their home range polygons overlapped home ranges of
moose that used the primary impact zone. Similarly, a
tertiary impact zone was delineated where overlaps with the
secondary zone occurred, assuming further competition from
displaced moose (Fig. 1).

Vegetation, topography, and general climate of the area were
described by Skoog (1968), Bishop and Rausch (1974), Ballard
and Taylor (1980), Ballard (1982) and Ballard et al. (1987).
Specific vegetation descriptions of the impoundment areas were
provided by Becker and Steigers (1987).

METHODS
Tagging and Relocating\Moose

Moose were darted from a Bell 206-B (Jet Ranger) helicopter,
except neonates which were captured on foot (Ballard et al.
1979). Three combinations of drugs were used to immobilize
adult and short yearling moose: (1) succinylcholine chloride
with hyaluronidase (Wydase) , (2) etorphine hydrochloride
(M-99) with and without =xylazine hydrochlcride (Rompun), and
(3) carfentanil (Franzmann et al. 1984).

Captured moose were marked with a radio-collar, a wvisual
numbered c¢anvas collar (Franzmann et al. 1974), or both.
Sixty-one 5-10 month o0ld calves, 115 adults, and 218 neonates
were radio-collared while 69 adults were equipped with only



canvas collars. All adults were aged by extracting a lower
incisor tooth which was processed according to methods
described by Sergeant and Pimlott (1859). Each moose was
ear-tagged with numbered Monel metal tags. During spring, all
female yearling and adult moose were rectally palpated
(Roberts 1571) to determine pregnancy status.

Two types of receivers were used during the course of the
study: (1) 4-band, 48-channel portable receiver manufactured
by AVM Instrument Co. (Champaign, 1IL), and (2) portable
programmable 2,000-channel scanning receiver manufactured by
Telonics (Mesa, AZ). Radio=-collared moose were relocated from
either a Piper PA-18 (Supercub) or STOL-equipped Cessna 180 or
185 fixed-wing aircraft. Each aircraft strut was equipped
with a 3-element yagi antennae. A control box within the
aircraft allowed monitoring of the strength of radio signals
from both antennae or from either side of the aircraft. By
switching from antenna to antenna, the direction of strongest
signal was determined and the aircraft piloted in +hat
direction until the signal became stronger on the opposite
antenna. This resulted in an initial series of broad slow
turns until the animal was close, at which time the search
pattern developed into steep, sharp turns to visually observe
the animal.

Moose relocations were plotted on 1:63,360-scale USGS maps.
Time, behavior, numbers of associates (group size determined
for animals within approximately 1,300 ft (400 m) of
instrumented individuals) by sex and age class, and vegetation
type according to Viereck and Dvrness (1980) were recorded on
standardized forms. Activity patterns were divided into 4
categories: foraging, bedded, standing, and other.

Sixty-five moose originally captured as 5 1l0-month-old calves
and 115 adults were located on 5,421 occasions (2 = 30
relocations per moose) from Octcber 1976 through January 1986.
Numbers of relocations per individual ranged from 2, for
radio-collared short yearlings which slipped collars or
starved, to 104 for an adult female. Neonate calves were
relocated and visually observed on hundreds of occasions and
their signals monitored on thousands of occasions (Ballard et
al. 13979).

Population Trends and Density

Autumn moose sex—-age composition surveys conducted from
fixed-wing aircraft have been conducted annually in GMU 13

since 1955 1in 16 different count areas (Fig. 2)}. These
low-intensity flights generally last >1 minute (min) per mi?2
(0.4 min/km2). Flight patterns consist of transects flown at

0.8-1.2 km widths between 300-500 ft (91-152 m) altitude on



flat terrain or transects flown along contour intervals in
hilly and mountainous regions. Such surveys are conducted
after the first major autumn storm which provides complete
snow cover usually during late October through early December.
Surveys are usually completed before bulls shed their antlers.
Moose are sexed and aged according to relative size, presence
or absence and configuration of antlers, and wvulva patch.
Bulls with spiked, forked, or small palmated antlers less than
30 inches wide were assumed to be yearlings. Total moose
observed per hour, bull:100 cow ratios, calf:100 cow ratios,
and percent of herd comprised of yearling bulls are routinely
used by managers as indicators of population trend. Such
surveys are not used to estimate population size or density
except when minimum estimates are desired.

Stratified random sampling (Gasaway et al. 1981) was used to
estimate moose population size and demnsity in autumn 1980 and
1983. Such counts were conducted in the same pattern as those
described for sex—age surveys, but search intensity usually
exceeded 4 min/mi2? (1.54 min/km2). Total counts at search
intensities 4 min/mi? (1,54 min/km2) were = conducted in
selected small areas, particularly the impoundment zones where
documentation of winter moose densities in selected habitats
was desirable.

Survival and Mortality Rates

Survival rates of radio-collared calf, yearling, and adult
moose were calculated using methods described by Trent and
Rongstad (1974). Neonates were monitored daily, allowing
calculation of daily survival rates up to 1 November. 2all
other rates were estimated on a monthly basis. When dates of
last observation and known death spanned several months, the
median date was used. Two survival rates were calculated for
each age class and time period when appropriate: (1) only
those animals whose fate was known, e.g., the animal was
either dead or alive when last observed, and (2) the average
of two dates--one calculated which assumed all missing animals
were alive and another which assumed all missing animals were
dead. Moose were excluded from survival calculations if it
could not determined whether the radio-collar had fallen off
or the animal was dead.

Causes of mortality were determined according to methods
described by Ballard et al. (1979) and Stephenson and Johnson
(1972, 1973). Monitoring frequency was not sufficient to
determine cause of death for most adult mortalities, so cause
of death was classified as unknown. When monitoring intensity
was frequent, such as once or twice per week, it was often
possible to classify cause of death based on ground
examination at the site or actual observation of a predator on
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the carcass. Causes of death were classified as unknown,
brown or black bear  predation, wolf predation, hunting,
miscellaneocus (mortalities such as being stepped on by their
cow, pneumonia, auto collisions, etc.), or winter-kill. The
latter <classification included all mortality involving
starvation or other winter-related conditions.

Home Ranges, Distributions and Vegetation Use

Yearling and adult home range sizes were calculated using the
minimum home range method (Mohr 1947)., This method may be
adequate for estimating home range sizes of animals occupying
flat terrain and homogenous habitat but may not be appropriate
when large blocks of nonhabitat, e.g. mountains, areas >4,000
ft (1,219 m) elevation or lakes are included within polygons.
Consequently for some analyses Mohr's (1947) method was
modified as follows:

1. Seasonal, annual, and total home ranges were calculated.
a. For home range calculations 3 seasons were
recognized:

Summer - May through August,
Autumn - September through December, and
Winter - January through April.

b. Total and seasonal home range sizes were not
calculated when numbers of relocations were £ or
<24, respectively.

c. Selected reloca