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PREFACE

In early 1980, the Alaska Department of Fish and Game contracted with

the Alaska Power Authority to collect information useful in assessing

the impacts of the proposed Susitna Hydroelectric Project on moose,
caribou, wolf, wolverine, black bear, brown bear and Dall sheep. This
information, along with information on furbearers, small mammals, birds,
and plant ecology collected by the University of Alaska, is to be used by
Terrestrial Environmental Specialists, Inc. of Phoenix, New York, in
preparation of exhibits for the Alaska Power Authority's application for
a Federal Energy Regulatory Commission license to comstruct the project.

The studies were broken into phases which conformed to the anticipated

licensing schedule. Phase I studies, January 1, 1980 to June 30, 1982,
were intended to provide information needed to support a FERC license
application. If the decision is made to submit the application, studies
will continue into Phase II to provide additional information during the
anticipated 2 to 3 year period between application and final FERC approval
of the license.

Wildlife studies did not fit well into this schedule. Data collection could

-not start until early spring 1980, and had to be terminated during fall 1981

to allow for analysis and report writing. (Data continued to be collected
during winter 1981-82, but could not be included in the Phase I report.)
The design of the hydroelectric project had not been determined. Little
data was available on wildlife use of the immediate project area, although
some species had been intensively studied nearby. Consequently, it was
necessary to start with- fairly general studies of wildlife populations

to determine how each species used the area and identify potential impact
mechanisms. This was the thrust of the Phase I Big Game Studies. During
Phase II, we expect to narrow the focus of our studies to evaluate specific
impact ~mechanisms, quantify impacts and evaluate mitigation measures.

Therefore, the Final Phase I Report is not intended as a complete assessment
of the impacts of the Susitna Hydroelectric Project on big game.

The reports are organized into the following eight volumes:

Volume I. Big Game Summary Report
Volume II. Moose -~ Downstream
Volume III. Moose - Upstream

Volume IV. Caribou

Volume V. Wolf

Volume VI. Black Bear and Brown Bear
Volume VII. Wolverine

Volume VIII. Dall Sheep
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SUMMARY

During April 1980, and March and May 1981, 58 adult and 16 calf
moose were captured by darting from helicopter and radio=-col=-
lared. Biological specimens and measurements were collected to
evaluate physical condition, age and reproductive status of each
moose. Average age of adult cow moose captured in 1980 was 9.4
years, which was significantly older than moose captured in 1877
and older than other Alaskan moose populaticns. Sixty-two per-
cent of the moose were 10 years old or older. At least 73 per-
cent of the cow moose examined were pregnant. This pregnancy
rate was lower than that found in other moose studies but this

may have been due to errors in pregnancy determination.

Blood parameters indicated that calves sampled in 1981 were in
better physical condition than those from 1979 when animals were
suffering from nutritional stress during a severe winter. Adult
moose captured in 1979-1980 were in poorer condition than those
sampled in earlier Susitna studies and other Alaskan moose popu-
lations. This suggested that range conditions have deteriorated
in the upper Susitna Basin since 1977. However, twinning and
natality rates remain high. Earlier studies had indicated that

this moose population was not at range carrying capacity and that

" predation was limiting recruitment.

Data obtained from earlier moose studies in the Susitna Basin
were combined with similar data from this project to evaluate
movements and home range sizes. Between October 1976 and mid-
August 1981, more than 2,700 locations were obtained on 207 moose
of both sexes and all age classes. Moose were subjectively clas-

- sified as migratory or nonmigratory. Migratory moose occurred in

areas east of Watana and Kosina Creeks. Most moose located west
of these areas were nonmigratory. Several migratory travel
routes were identified. Most movements followed drainage pat-
terns of creeks and tributaries and, thus, were in a north-south

direction.




During this study, moose generally moved to lower elevations
during late spring and early summer. As summer progressed, moose
generally moved to higher elevations. Winter elevations were
significantly higher than summer elevations. Observation of
moose at relatively high elevations during winter was attributed
to mild winters during most of the study period.

Ninety-one percent of radio-collared moose observations were
located on flat or gentle slopes. Flat and southerly exposures
composed 54 percent of the observations.

Monthly habitat utilization data by radio-collared moose as
determined from aircraft were presented and discussed. Fifty-
nine percent of the basin was covered by conifer and shrubland
habitat types but these two types constituted over S0 percent of
the moose observations. Use of willow habitat types corresponded
with observed altitudinal movements. Reasons for non-use of
other habitat types were discussed. Problems associated with de-
termining habitat use by moose with the methods used were re-

viewed.

From October 1976 through December 1981, 33 radio-collared moose
crossed the Susitna River a minimum of 73 occasions. During 1980
and 1981, all documented crossings occurred from May through
November. Track sightings suggested that c¢rossings also occur
during other months. River crossings appeared concentrated in
the following areas: mouth of Fog Creek to area opposite Stephan
Lake, mouth of Deadman Creek upstream for approximately 5 miles,

Watana to Jay Creek, and from Goose Creek to Clearwater Creek.
Data describing the distribution of radio-collared moose during
the rut and parturition were presented. Apparent breeding and

calving areas were identified.

A winter census of the two impoundments was conducted in March

1981. A total of 28 moose were counted in the Devil Canyon im-

ii
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poundment while 42 moose we;gupgggggqryiniq_the Watana impound-

ment. Mild winter conditions probably contributed to the 1low

count.

Sex and age composition surveys and a random stratified census
were conducted in the study area during November 1980. It was
estimated that 2,046 * 382 moose occupied the areas north and
south of the proposed Watana impoundment. A c¢rude population
estimate of 1,151 moose was made for the project area lying west
of Kosina and Watana Creek. The entire upper Susitna Basin above
Devils Canyon and excluding Lake Louise Flats and the areas south
of the Maclaren River was estimated to contain 4500 moose in
fall, 1980.

Moose parturition from 1977 through 1981 generally occurred from
15 May to 15 June of each year peaking between 25 May to 2 June.
Rates of calf production have been gquite high, however, mortality
during the first 6 weéks of life has also been high. Earlier
studies documented the importance of brown bear predation to calf

survival.

Based upon movement studies conducted from 1976 through 1981, 13
moose subpopulations were identified which could be impacted by
the construction and operation of the two impoundments. Each
subpopulation was briefly described. Several significant dis-

persals of moose from the impoundment areas were described.

Seasonal and total home range sizes were determined for 162
radio-collared moose. Total home ranges ranged from 3.8 to
2911 km? and averaged 224.2 km?. Home range sizes of Susitna
moose were relatively large in relation to those reported else-

where from North America.

Proposed project impacts partially included the following: 1loss
of habitat and mortality o¢f moose occupying the impoundment

iii



areas, decreased range carryiqgnggpQF;FX 9f adjacent areas due to
overstocking by displaced moose, increased vulnerability to pre-
dation, disruption and perhaps prevention of both sedentary and
migratory moose from crossing the river, alteration of weather
patterns causing increased mortality and decreased productivity,
and an increase in accidental deaths. It was suggested that the
Watana impoundment would have a larger impact on moose than the
Devil Canyon impoundment. Impacts on moose could possibly be
reduced by lowering the normal pool'elevation and by stabilizing
water levels.

Average maximum length of moose home ranges was 28.7 km. This
area was used to identify an area of impact around the two im-
"poundments. Numbers of moose occurring in the impact area were
extrapolated from census and stratification data and from numbers
of radio-collared moose home ranges overlapping the census area
boundaries. An estimated 3,040 moose would be moderately im-
pacted by the proposed project. C©Cf that total an estimated 2,400
moose are expected to be severely impacted. .

Additional data needs and proposals for Phase II studies were

briefly described and discussed.

iv
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INTRODUCTION

The Susitna River Basin is a rugged wilderness area of high es-
thetic appeal and an important habitat to a wide variety of wild-
life species (Taylor and Ballard 1979). A variety of hydro-
electric proposals seemed to pose threats to wildlife in this
area. Moose (Alces dalces) which are one of the most important
species to humans seemed likely to be impacted. Consequently,
some very general population assessment work was begun in 1974
(USEWS 1975). This study was funded for 1 year and consisted of
a series of,reconnaissance flights to identify moose concentra-
tion areas. In. 1976 limited funds became available to begin
gathering baseline data on moose movements and habitat use for
areas which could be impacted by the Corp of Engineers two dam
proposal (Balylard and Taylor 1980). These initial studies fo-
cused on areas lying north of the Susitna River and were con-
ducted from March 1877 through spring 1978 with limited follow-up
work frem spring 1978 through spring 1979 (op. cit.'). Résults of
these pré.liminary studies identified some potential problem areas
and data gaps for better assessing the impacts of the two dam

system on moose.

The most  significant data gaps identified in the preliminary

moose movements study were the lack of moose movement data for

areas lying south of the Susitna River and accurate moose popu-

lation estimates for the entire project area (Ballard and Taylor
1980). Funding for the original project terminated in spring
1979 and little work was conducted until 1 January 1980 when the
Alaska Power Authority contracted the Alaska Department of Fish

and Game to conduct the present study. The purpose of this re-

‘port is to present our preliminary findings on moose movements,

habitat use and size and trend of moose populations inhabiting
areas which could be impacted by the two dam system. Although
this study was funded from 1 January 1980 through 31 December
1981, in depth field studies could not be initiated until March
1980 when radio telemetry equipment was received. Also because

of time lags between data entry 'and output only data up to



September 1981 were included in this report. For purposes of
home range determination, habitat utilization, elevational use
and movément patterns, data from moose captured and studied in
other areas of Game Management Unit 13 adjacent to the Susitna
Hydroelectric study area from 1976 to 1980 were included. De-
tails of these other studies were provided by Ballard and Taylor
{1978; 1980), Ballard and Gardner (1980), Ballard et al. (in
press), and Taylor and Ballard (13879).

Qbjectives of the upstream moose studies during the first year of
study were:

To identify moose subpopulations using habitat that will be inun-

dated by proposed impoundments.

To determine the seasonal distribution, movement patterns, size

and trends of those subpopulations.

To determine the timing and degree of dependency of those sub-
populations on habitat to be impacted by the Susitna Hydro-
electric Project.

R



METHODOLOGY

Adult moose ( 2 year old) were captured with the aid of a heli-
copter by darting with 10 cc aluminum darts fired from a Cap-Chur
gun (Nielson and Shaw 1967) with a combination of either 9 or 11
cc etorphine (1 mg/cc M-99, D-M Pharmaceuticals, Inc., Rockville,
MD) and 1 or 2 cc xylazine hydrochloride (100 mg/cc, Rompun,
Haver-Lockhart, Shawnee, KS) (Ballard and Gardner 1980). Calves
(short yearlings-10 mo. old) were immobilized with 5cc M-99 with
no Rompun. After each moose was processed an equivalent cc dos-

age of the antagbnist diprenorphine (2 mg/cc M 50-50, D-M Pharma-

kceuticals, Inc., Rockville, MD) was injected into either the

‘radial or jugular vein to reverse immobilization and permit the

moose to escape.

Captured moose were equipped with a radio collar which allowed

each moose to be located from fixed-wing aircraft when desired.
Visual collars, similar to those described by Franzmann et al.
(1974) were riveted to each radio collar to aid observation from
aircraft and to insure individual recognition. Radio collars,
ménufactured by Telonics (Mesa, AZ), were constructed of two
layers (black urethane over butyl-rubber) and had an inner cir-
cumference of 140 cm. Calf collars were similar to those used on
adults except that each was lined with fcam rubber to permit
growth (Ballard and Gardner 1980; Ballard et al. in press). Each
radio collar was equipped with a dipole antenna which was par-
tially enclosed between the urethane and butyl rubber layers with
22 cm of antenna protruding from the side and back of the collar.
The entire unit with visual collar weighed 1,380 g. Twelve radio
collars were also equipped with experimental air temperature sen-
sors in an effort to relate moose movements to ambient air tem-
perature. The latter transmitters were tried on an experimental
basis during 1980. Although the pulse widths did in fact wvary
with air temperatures the resulting termperature conversions were
not accurate and thus this portion of the study was terminated;



Each moose was ear tagged with a numbered, monel metal tag. Tags
were affixed to the middle of the ear. When possible a lower
incisor tooth from each adulf animal was extracted for deter-
mining age using the methods described by Sergeant and Pimlott
(1959).

Blood was extracted from the jugular vein into sterile ewvacuated
containers. Upon return from the field, blood was centrifuged to
separate sera which were placed into 5 ml plastic vials and im-
mediately frozen. Three ml samples were later sent to Pathol-
ogists Central Laboratories, Seattle, Washington for blood chem-
istry analysis (Technical Autoanalyzer SMA-12) and protein

electrophoresis (Franzmann and Arneson 1973).

Generally three or four 10 ml vials were filled 1/3 to 1/2 full.
One vial contained heparin which provided whole blood for deter-
mination of percent hemoglobin (Hb) using an Hb meter (American
Optical Corporation, Buffalo, New York), and packed cell volume
(PCV) was determined with a micro-hematocrit centrifuge (Reado-
crit-Clay-Adams Company, Parsippany, N.J.). Remaining sera were

stored for possible future analyses.

Physical measurements taken included total length, head length,
heart girth, neck circumference and length of hind foot. An at-
tempt was made to subjectively estimate the physical condition of
each moose using the index criteria developed by Franzmann and
Arneson (1973). Each adult cow moose was rectally palpated
(Greer and Hawkins 1967) to determine pregnancy. Data from in-
dividual moose were placed on numbered tagging cards and each

moose was assigned an individual accession number (Fig. 1).

Radio signals were received from a 4,000 channel portable pro-
grammable scanning receiver manufactured by Telonics (Mesa, AZ).
Ambient air temperatures for those moose collars equipped with
air temperature sensors were collected on the same flights made
to locate moose. Pulse widths of the air temperature sensors
were recorded from a portable digital data processor (Telonics

TDP-1, Mesa, AZ) which was connected to the receiver.
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Figure 1. Moose tagging record for moose immobilized
in April 1980 in the upper Susitna River
Basin above Devil Canyon.



Radio~-collared moose were relocated fromrboth Piper PA~18 Super

Cub and STOL Cessna 180 fixed-wing aircraft. Tracking methods
and equipment used were similar to those descriﬁed by Mech
(1974), except that our right-left switch box allowed us to
listen to both antennas simultaneously. This feature often al-
lowed us to detect and locate signals much sooner than if we had

just listened to one antenna.

An attempt was made to locate each moose a minimum of twice per
month. From mid-May through mid-July of 1977, 1978 and 1980 each
moose which had been diagnosed as pregnant was located at 3-5 day
intervals to obtain data on calf parturition and survival
(Ballard et al. 1981). When radio-collared moose were found,
their locations were recorded on U.S5.G.S. maps (scale of
1:63,000) along with information pertaining to sex, age and num-
bers of associated moose and other wildlife, activity, and en-

vironmental parameters (Fig. 2).

General habitat type at each moose location was also classified

from fixed-wing aircraft. A number of serious problems exist
with attempts to classify moose habitat from fixed-wing aircraft.
Often the observer is only able to identify overstory vegetation.
In many cases the overstory vegetation may have little relevance
to why an animal has selected an area because understory vege-
tation varies significantly, often in association with density of
overstory.

Therefore, any habitat classification made from fixed-wing air-
craft may not provide a meaningful index of the types preferred
by moose. In 1977 an aerial moose habitat classification system
based on overstory vegetation was used for describing habitat
utilized by radio-collared moose (Table 1). Although the system
has many shortcomings it was used for this study because we were
most familiar with it, thus insuring collection of data which
could be compared with earlier studies. We attempted to develop
a system to transform these classifications to Viereck and

Dyrness's (1980) system down to their level 3 classifications
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Figure 2. Moose radio-tracking flight record for moose

located for Susitna studies from April through
‘December 1980.



Table 1. Habitat classifications utilized to classify moose habitat usage from fixed-wing
aircraft from 1977 through mid-August 1981 in the Susitna River Basin of south-

central Alaska.

1

Classification

Habitat Description

Tall Spruce 2 (TW)

Moderate spruce 2 (MS)

Short spruce 2 (SS)

Willow (P)

Cottonwood/
aspen (C/A)

Marsh (M)
Alder (E)

Spruce/hardwood

(U/H)

Unidentified
hardwood (D)

Usually white spruce (Piceq glauca), with a height of more than

20 feet. Usually riparian.

‘Both black (Picea marianag) and white spruce, with heights ranging

from appoximately 10 to 25 feet. Probably the most common
habitat type in the basin.

Less than 10 feet in height. Usually approaching a subalpine
situation or a very boggy wet area.

Mostly upland willow (Salix spp.) species which may or may not
include varying sparse densities of spruce or hardwoods or shrub
birch (Betula giandulosa). May also include riparian willow.

Cottonwood (Populus trichocarpg) or other hardwoods and some
spruce usually found in ripariam situations. Aspen often omn
hillsides in isolated clumps.

No running water, open water in middle with edges consisting of
sedges, grass, willow and birch.

Usually found at high elevations approaching subalpine tundra
usually in continuous stands.

Conifer-deciduous mixture often includes mixture of spruce, paper
birch, cottonwood, or balsam poplar. Usually located on well
drained slopes often with an alder understory.

! Modified from Ballard and Taylor (1980).

2

Spruce densities also classified as high, medium or low.
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which we thought probably was the most accurate classification
obtainable from aircraft. The attempted transformation of aerial
habitat classifications to those of Viereck and Dyrness (1980) is
presented in Table 1A. Comparison of the two classification sys-
tems suggests the two systems are not compatible at the level
necessary to make realistic comparisons between moose usage and
availability of habitat types. Therefore, the aerial classifi-
cations were presented independently. An additional approach has
been designed which involved overlaying moose locations on the

vegetation maps but that analysis was incomplete.

In cooperation with R & M Consultants and the U.S. Soil Conser-

~vation Service, eight snow depth transects were established at

key areas to measure snow depths on a monthly basis (Fig. 3).
Location and descriptions of each marker were provided in Table 2
and Fig. 4. November snow depths are provided in Table 3. Un-
fortunately bears (Ursus sp.) and porcupines (Erethizon
epixanthus) damaged over half of the markers in 1980 and conse-
gquently, this portion of the study was terminated due to lack of

both maintenance funding and manpower.

Winter distribution of moose in the project area was determined
in March 1980. Linear transects spaced at 4 to % mile were flown
on flat terrain. In mountainous areas, parallel contour inter-
vals in combination with a series of circles were flown. All
flights were performed with a Piper PA-18 Super Cub at 300 to 500
foot elevations. Numbers, sex and age of moose were plotted on
1:63,000 scale U.S.G.S. maps. Moose were classified as adult or
calf based on size and appearance. Sex could not be identified

on most adult moose because bulls did not possess antlers.

Moose sex and age composition counts have been conducted in the
vicinity of Watana impoundment since 1955. Only one such survey
has been conducted in the vicinity of the Devil canyon impound-
ment. -~ These surveys were conducted by methods described for
winter distribution surveys except for the following: Transects
are flown closer together and more intensively (narrower search



Table 1A. Comparison between aerial habitat classifications and those of Viereck and
Dyness (1980) used to classify observations of radio-collared mocose in the
Nelchina and Susitna River Basins of southcentral Alaska from 1977 through

mid-August 1981.

Aerial Habitat
Classifications

»

Equivalent Classification from
Viereck and Dyness (1980)

Dense tall spruce
(white or unknown)

Medium density, tall
height spruce (white
or unknown)

Sparsely dense tall
spruce (white or unknown)

Dense medium height

spruce (white, black

or unk.)

Medium density, medium
height spruce (white, black
or unk).

Sparsely dense, medium
height spruce (white, bl.
or unk.)

Medium demsity, short
spruce (bk. or unk.)

Sparsely dense short
spruce

Riparian willow

Upland willow & brush

Aspen

Riparian hardwood or unidentified
Alder

Rock/ice

open white spruce

open white spruce, open mixed forest, closed mixed
forest

Woodland white spruce, open mixed forest, closed
forest

open black spruce

open black spruce, open mixed forest, closed
forest

woodland white spruce, open mixed forest, closed
forest '

open black spruce, open mixed forest, closed
forest

woodland black spruce, open mixed forest, closed
forest

willow shrub, wet‘sedge grass tundra

willow shrub, sedge shrub tundra mixed low shrub
closed balsam popular

open birch forest, closed birch forest

closed tall shrub, open tall shrub, willow shrub

rock/ice

mixed

mixed

mixed

mixed

mixed

10
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Figure 3. Illustration of aerial snow marker erected
at 33 locations within the Susitna River

study area.
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Table 2. Location and description of 33 snow depth markers erected for Susitna moose studies
in the Susitna River Basin of southcentral Alaska.

Snow « )
Course Marker Elevation X .
Number Number Location Ft. Aspect Habitat Classification and Description

1 A Devil Mt. - island 1250 N Medium density tall conifer-deciduous mixture.
in Susitna River Medium density mixture of tall spruce (Picea
- glauca), tall birch (Betula papyrifera), and
tall cottonwood (Populus spp.). Ground cover:
tall grass, many down trees.
Sandy soil.

1 B Devil Mountain 2050 WSW Medium density tall conifer~deciduous mixture.
Medium density mixture tall spruce (Picea
glauca) with clumps of alders (Alnus spp.)
and few tall birch (Betula papyrifera).

Ground cover: dwarf birch (Betula spp )
and blueberry (Vaccinium spp.).
Muck.

1 C Devil Mountain 2450 WSW- Upland tundra.
Upland tundra with low blueberries (Vaccinium
spp.), dwarf birch (Betula spp.) and mosses
(Sphagnum) with a few alder (Alnus spp.)
Thickets.
Humus .

1 D = Devil Mountain 3000 SSW Upland tundra.
' Upland tundra with low grasses, tall mosses
(Sphagnum), lichens.
Humus.

2 A Fog Creek - mouth 1400 S Medium density tall conifer-deciduous mixture.
Medium density tall spruce (Picea glauca)
and birch (Betula papyrifera).
Ground cover = grasses.
Sandy soil with small rock substrate.

RS R R T T T R R T T R 1 S TR S
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Table 2 (cont.). Location and descrlptlon of 33 snow depth markers erected for Susitna moose
studies 1n the Susitna River Ba51n of southcentral Alaska.

Snow ,
Course Marker Elevation R o
Number Number Location Ft. . Aspect Habitat Classification and Description

2 B Fog Creek - lower 2000 W Medium density tall spruce
Medium density tall spruce (Picea glauca)

with understory of blueberry (Vaccinium spp.),

wild rose (Rosa spp.), scattered willows
(Salix spp - ).
Gravel soil.

2 C Fog Creek -~ upper 2500 N Medium density tall spruce.
: Medium density tall spruce (Picea glauca)
with low willows (Salix spp.) in clearing.
Clay soil.

2 D Fog Creek-hillside 3000 Nw Medium density medium spruce.
to northeast Medium density medium spruce (Plcea g1auca)
with abundant willow (Salix spp.).
Humus and sandy soil.

3 A Watana Creek - 1550 S ' Medium density tall spruce.
mouth - Medium density tall spruce (Picea glauca)
with blueberry (Vaccinium spp.) dominated
understory.
- Sandy soil.

3 B Watana Creek, 1650 SSW Medium density medium conifer-deciduous
lower mixture. Medium density medium spruce (Picea
glauca) and cottonwood (Populus spp.) with
willow (Salix spp.) and blueberry (Vaccinium
spp.) dominated understory.
Sandy soil.

|
et
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Table 2 (cont.). Location and description of 33 snow depth markers erected for Susitna moose
studies in the Susitna River Basin of southcentral Alaska.

Snow
Course Marker Elevation 4 -
Number Number Location Ft. Aspect Habitat Classification and Description
3 c Watana Creek =~ 2100 Nw Sparse medium spruce.
ridge southeast of Low density medium spruce (Picea spp.)
of mouth Delusion with dwarf birch (Betula spp.) domlnated
Creek , : understory.
Small rock and sandy soil.
3 D Watana Valley - 2400 w Medium den51ty medium spruce.
eastern lower ~ Medium density medium spruce (Picea spp.)
Watana Valley with willow (Salix spp.) dominated -
- understory.
Loam and gravel soil.
3 E Watana Valley - 3100 W Upland willow. '
upper drainage to Low willow (Salix spp.) adjacent to. alder
east of Watana Valley (Alnus spp.) thickets. :
Loam and gravel soil.
3 F Watana Creek - 2100 S Medium density tall spruce.
mouth east Fork ¥ Medium density tall spruce with mixed
' low willow (Salix spp.) (Picea glauca),
blueberry (Vaccinium spp.) and dwarf birch
(Betula spp.) understory.
Sandy soil.
3 G Big Lake outlet =~ 2500 ESE Medium density tall spruce.
stream draining Medium density tall spruce (Picea glauca).
Big Lake Tall willow (Salix spp.) understory.

Rock and sandy soil.
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Table 2 (cont.

). Location and description of 33 snow depth markers erected for Susitna moose
studies in the Susitna River Basin of southcentral Alaska.

Snow

Course Marker Elevation

Number Number Location Ft. Aspect Habitat Classification and Description
4 A Kosina Creek - 2000 N Low density tall conifer-deciduous mixture.

: lower Low density-tall'spruce,(Picea glauca) and
medium birch (Betula papyrifera) with
understory of alder (Alnus spp.), low willow
(Salix spp.), shrubby 01nquef01l (Potent111a
fruticosa) and grass.

Loam and sandy soil.
4 B Kosina Creek - 2400 N Medium density medium spruce.
mouth of Gilbert Medium density medium spruce (Picea glauca)
Creek with understory of dwarf birch (Betula spp.)
V and a few blueberrles (Vaccinium spp. )-
Sandy soil.
4 c Kosina Creek - 3000 E Riparian willow,
above Terrace Low willows (Salix spp.).
Creek Rock and fine sand soil.
4 D Kosina Creek - 3350 E Upland brush
above Terrace Low willows (Salix spp.), low dwarf blrch
Creek - bench to . (Betula spp.) and equisetum.
west Loam covering large rocks.
5 A Jay Creek - mouth 1800 S ‘Medium den51ty tall conifer-deciduous mixture.

Medium density tall spruce (Picea glauca) and
birch (Betula papyrifera). .
Sandy soil.
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Table 2 (cont.

). Location and description of 33 snow depth markers erected for Su51tna moose
studies in the Susitna River Basin of southcentral Alaska. : .

Snow
Course Marker Elevation ] :
Number Number Location Ft. Aspect Habitat Classification and Description
5 B Jay Creek - bench 2500 SSE Low den31ty tall spruce.
to NW Low density tall spruce (Picea spp.) with
understory of low willows (Salix spp.),
dwarf birch (Betula spp.), blueberry -
(Vaccinium spp.), and labrador tea (Ledum
palustra).
Loam.
5 C Jay Creek, Valley 2850 SSW Medlum den51ty medium spruce.
to west of lower Medium density medium spruce (Picea spp )
Jay Creek with dwarf birch (Betula spp.) understory.
Sandy soil. ‘ .
5 D Jay Creek - upper 3200 SSW Riparian willow.
portion of valley Medium height willow (Salix spp.) dwarf
to west of lower birch (Betula spp.), shrubby 01nquef01l
Jay Creek (Potentilla fruticosa).
Loanm,
6 A Gaging Station 2050 SSW Medium density tall conifer-deciduous mixture.
Creek - mouth Medium density tall spruce (Plcea glauca)
and birch (Betula papyrifera) with grass
understory.
Muck and rock soil.
6 B Gaging Station 2500 s High density tall spruce.

Creek - lower

High density tall spruce (Picea glauca)
interspersed with medium height willow
(Salix spp.).

- Gravel.
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Table 2 (cont.

). Location and description of 33 snow depth markers erected for Su51tna moose
studies in the Su31tna River Basin of southcentral Alaska. :

Snow
Course Marker Elevation
Number Number Location Ft. Aspect Habitat Classification and Description
6 c Gaging Station 3000 W Riparian willow.
Creek - East Fork ‘Mixed species of medium height willow
(Salix spp.), dwarf birch (Betula spp )
Muck and rock soil.
6 D Gaging Station 3500 SW Riparian willow.
Creek - upper East Medium height willow (Salix spp.)
Fork and grasses.
Mud, water and large rocks.
7 A Coal Creek - 2600 S Medium den51ty tall spruce. '
Coal Lake Medium density tall spruce (Picea glauca)
with willow (Salix spp.) understory.
© Sandy soil.
7 B Coal Creek - 2900 N Upland brush.
mouth of East Fork Mixture of dwarf birch (Betula spp.) °
‘ with clumps of alders (Alnus spp.).
Grass understory.
Muck.
8 A Goose Creek - 2050 SE Medium density medium spruce. '
mouth Medium density medium spruce (Picea glauca)

with low willow (Salix spp.) and dwarf birch
(Betula spp.) understory.
Wet clay and sandy soil.
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Table 2 (cont.). Location and description of 33 snow depth markers erected for Su51tna moose
studies in the Susitna River Basin of southcentral Alaska.

Snow .
Course Marker Elevation :
Number Number Location Ft. Aspect Habitat Classification and Description
8 B Goose Creek - 2500 NNE Medium density tall spruce.
lower Medium density tall spruce (Picea glauca)
‘with moss (Sphagnum) and scatterd w1llow
(Salix spp.) understory.
Gravel and small rock soil.
8 C Goose Creek - 2900 N Rlparlan willow.
mid Low willows (Salix spp.) 1nterspersed w1th
blueberry (Vaccinium spp.) and grasses.a
Sandy soil.
8 D Goose Creek - 3400 E Rlparlan willow.

mouth Busch Creek Low willow (Salix spp.) mixed with
‘ dwarf birch (Betula spp.) shrubby c1nquef01l
(Potentilla fruticosa).
Sand and rock soil.



6l

Locations of individual aerial snow markers
erected in the Susitna project area during
summer 1980. '
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Table 3. Listing of ¢bserved snow depths at 33 snow markers located in

- the Susitna Hydro Project study area on 9 November 1980.

Course

Marker

Elevation Snow Depth

Number Designation General Location - of Marker (Inches) Remarks
1 A Devil Mt. - Island 1250° 3
1 B Devil Mt. 2050 7 .
1 o Devil Mt. 2450! 1 wind blown
1 D Devil Mt. 3000! 0 wind blown
2 A Fog Creek mouth 1400° 2 -
2 B Fog Creek lower 2000! _ "Missing
: crossmembers
2 c Fog Creek upper 2500! 3 Missing
» crossmembers
2 D Fog Creek - Mt. to NE 3000" 5 Missing
crossmembers
3 A Watana Creek - mouth 1550! 4 Missing
crossmembers
3 B Watana Creek lower 1650! 3
3 o Watana Creek - ridge 2100! 4
to east
3 D Watana Valley - east 2400! - Could not
, locate
3 E Watana Valley - Mt. 3100 6
to E :
3 F Watana Creek - mouth of 2100! 5
east fork
3 G Big Lake outlet 2500 - Missing
crossmembers
4 A Kosina Creek - lower 2000! 4
4 B Kosina Creek = mouth 2400" 3
: Gilbert Creek
4 o Kosina Creek - above 3000" 3
Terrace Creek
4 D Kosina Creek = bench 3350! 3
to west
5 A Jay Creek - mouth 1800" 3
5 B Jay Creek - bench 2500 3 Missing
to west crossmembers
5 c Jay Creek - valley 2850 6 Missing
to west crossmembers
S D Jay Creek - upper 3200! 6
valley
6 A Gaging Station creek 205Q' 4

mouth

20



- Table 3 (cont.). Listing of observed snow depths at 33 snow markers
‘ . . located in the Su51tna Hydro PrOJect study area om.
9 November 1980.

Course  Marker Elevation Snow Depth
Number Designation General Location of Marker (Inches) Remarks
6 B Gaging Station Creek 2500! 5
~ ~ lower ‘
6 c Gaging Station Creek 3000 6
- east fork .
6 D Gaging Station Creek 3500! 6 Missing
- upper east fork ' crossmembers
7 A Coal Creek - Coal Lk. 2600! - Could not
_ locate
7 B Coal Creek = mouth 2900" 5
east fork
8 A Goose Creek = mouth 2050 - Laying on side
8 B Goose Creek - lower 2500 4
8 C Goose Creek - mid - 2900! 6
8 D Goose. Creek - mouth 3400 8
Busch Creek '
Square Lake : 12 11/20

21



strips), surveys are conducted annually in late October or early
November depending on snow conditibﬁé{vét£empts are made to sur-
vey each area with the same pilot and observer to minimize the
differences between observers (LeResche and Rausch 1974), and

more detailed sex and age composition data are collected.

Boundaries of three composition count areas (CA's) used for this
study are depicted in Fig. 5. CA 6 was surveyed because earlier
studies had identified a migratory subpopulation of moose which
used portions of the Watana impoundment area during winter
(Ballard and Taylor 1980).

Moose populations within the study area were censused in early
November using quadrat sampling techniques developed by Gasaway
(1978), Gasaway et al. (1979), and Gasaway and Dubois (unpub.
report). The census was conducted immediately following moose
sex and age composition surveys. Due to deteriorating snow con-
ditions only CA's 7 and 14 were censused to provide an estimate
of the numbers of moose which could potentially be influenced by
the Watana impoundment. No census was conducted for areas. out-
side of CA's 7 and 14; however, remaining potential impact areas
were stratified into high, medium and low densities.

The density classifications were based upon numbers of moose ob-
served, continuity of moose habitat, and moose tracks observed
during a cursory aerial survey similar to that performed in
CA's 7 and 14 before they were censused. This stratification
procedure allowed gross estimation of population numbers in un-
censused areas by applying density estimates from areas which
were censused and similarly stratified.

For the purposes of this report, we utilized the home range de-
finition provided by LeResche (1974): "the area in which the
individual accomplishes its normal activities during a given
period of time." According to this definition" local movements
occur within a home range, home ranges may shift seasonally, and

individuals may occupy more than one home range in a year." In

22
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this study home ranges were con}pt_.ltve_d_?b_yi connecting outer location
sightings of each animal and then con;pu;:irig the area. Unless
otherwise stated total home ranges were divided into summer and
winter with summer consisting of the months of April, May, June,

July, August and September and winter consisting of the remaining
& months.

STUDY AREA

The study area included the suspected year~round ranges of sub-
populations of moose that may encounter proposed impoundments
regularly. DMoose sex-age composition counts, winter distribution
surveys and preliminary moose movement studies (Ballard and
Taylor 1980; Ballard and Gardner 1980) were used to delineate the
area. The boundaries of this area (Fig. 6) are as follows: The
Denali Highway on the north to its confluence with the Maclaren
River on the east, the Maclaren River to its confluence with the
first unnamed creek in R4E, T13N (Gulkana Quad) wupstream to
Monsoon Lake, then a straight line to Tyone Village continuing up
Lake Louise to the Lake Louise Road to its intersection with the
Glenn Highway, on the south the Glenn Highway to the Little
Nelchina River, then upstream to the peak of the Talkeetna
Mountains, on the west the upper elevations of the Talkeetna
Mountains to the confluence of the upper north and south forks of
the Talkeetna River, then northwest to the mouth of Portage
Creek, then upstream of Portage Creek to its headwaters to the
headwaters of Brushkana Creek to its confluence with the Denali
Highway.

Vegetation, topography and general climate of the area were de-
scribed by Skoog (1968), Bishop and Rausch (1974), Ballard and
Taylor (1980), and Ballard (1981). Also vegetation studies con-
ducted under Subtask 7.12 provide a thorough description of vege-
tation in the impoundment areas.

24
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RESULTS AND DISCUSSION

From 11 through 23 April 1980 40 adult moose (37 females and 3
males) were céptured. and radio-collared in the Susitna moose
study area. Three of these moose had been previously radio-col-
lared from previous studies and were recaptured. A summary of
tagging location, reproductive status, age and physical measure-
ments of the 1980 captured moose are presented in Table 4. Col-
laring locations are visually depicted in Fig. 7. Collaring lo=-
cations for all moose captured from October 1976 through 1981
which were used for evaluation of moose movements are depicted in
Fig. 8.

From 7 through 9 March and May 1981 an additional 34 moose (18
adults and 16 calves) were captured and radio-collared in the
Susitna study area in an effort to provide additional movement
information in areas not adequately sampled in 1980. Also an
attempt was made to capture and radio-collar the calves of
radio-collared adults to begin gathering data on dispersal of
subadult moose from the study area. A summary of tagging sta-

tistics for these moose iS‘presentéd in Table 5.

Mean induction time for adult moose captured in spring 1980 was
16.4 minutes (S.D. = 10.5) ranging from 5 to 52 minutes. In
1981, the average induction times were 1less (11.8 minutes,
$.D.=2.83) due to the slightly larger dosages of etorphine. In-
duction times for 10 month o0ld calves averaged 9.9 minutes
(5.D.=4.3). Longer induction times were due to either the moose
not responding to the first dart and/or the dart malfuncticned.
In such cases, a second injection of from 2 to 4 cc's etorphine

was administered.

Two cow moose (#'s 620 and 646) were known to have died in 1980,
apparently as a result of capture activities resulting in a 5
percent mortality rate for 1980. No capture related mortalities
occurred in 1981. The 1980 mortality rate is comparable with

mortality rates reported in other Alaska moose studies where M-99
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Table 4.' Loéa£ion, age, reproductive status, physical measurements, and statistics assuciated with capture and handling of 40 adult moose in the Susitna
River Study Area from 11 through 23 April 1980. -

Visual Mecasurements Inches Drug
: Radio Collars Metal (6/1/80) Diagnosed (cm ) Body Reaction
Moose Date of * Collar Color Ear Tag No. Age w/Calf Pregnant Total Hind Heart Head Neck Cond. Drug Time Drug
Number Sex Capture Location Number and No. L. R. " (Yrs.) Yes/No - Yes/No Length Foot Girth Length Circum. Index Dosage (Min.) Placement
120617 F 04/11/80 3.25 mi east 6406 Black 15877 15876 Yes-1 Yes 124.5  35.0 78.0 30.0 36.0 6 M-99:9cc 8 min Left leg
; ) of mouth of *ATS 3162 889 1981 762 914 Rompun:lcc
Tsusena Creek
N. side of
Susitna R.
120618 F  04/11/80 6 mi east of 6402 Black 15836 15837 13 Yes-1 No 113.0 32.0 64.0 32.0 28.0 .9 M-99:9cc - -
S mouth Watana #ATS - 2870 813 1625 © 813 111 Rompun: lce
Ck.-N. side of )
s Susitna River
120619 -F- 04/11/80 1.25 wi NW of 6399 Black 15834 15835 9 Yes-1 No 109.8 29.8 82.0 27.5 34.8 8 M-99:9¢c 11 min Left rump
s mouth Deadman  *ATS ) 2787 156 2083 699 883 Rompun: 1ce
Creek. N. side
. Susitna River. :
120620 F- 04/11/80 0.5 mi N of 6404 Black 16030 16029 12 Yes-2 Yes 118.5 31.1 76.0  30.8 32.5 -  M-99:9cc 11 min Top back
- ) Gauging Station *ATS 3010 791 1931 781 825 Rompun:lcc
- N side of
R Susitna River
120621 F ° 04/11/80 2.75 mi E of 6400 Black 15832 15833 11 No Yes 117.0 - 86.0 33.0 38.0 Excelnt M-99:1l4cc 32 min Top back
oo mouth Tsusena  #ATS 2972 2184 838 965 Rompun: 1cc
Creek, N. side
L Susitna River
120622 ‘F 04/11/80 0.8 mi NW of 6407 Black none none 12 Yes-1 Yes 116.0 30.5 74.0 33.0 33.0 -  M-99:9cc 12 min Left rump
’ mouth Deadman  *ATS 2946 775 1880 838 838 Rompun: 1cc
Creek N. side
e Susitna River )
120623 F  04/11/80 2.2 mi NE of 6405 Yellow 16252 16253 8 Yes-1 VYes 112.0 34,0 68.0 29.0 35.0 7 M-99:9cc - -
mouth of Watana *ATS 40 2844 863 1727 137 889 Rompua: 1cc

Creek, N side of
Susitna River

'



Table 4 (coﬁt.j. Location, age, reproductive status, physical measurements, and statistics associated with capture and handling of 40 adult moose in the
Susitna River Study Area from 11 through 23 April 1980.

Visual Measurements Inches Drug
- ) Radio Collar Hetal (6/1/80) Diagnosed (cm ) Body Reaction
Hoose . Date of Collar Color Ear Tag No. Age w/Calf Pregnant Total Hind Heart Head Neck Cond. Drug Time Drug
Number Sex ' Capture Location Number and No. L. R. (Yrs.) Yes/No Yes/No Length Foot Girth Length Circum. Index Dosage (Min.) Placement
120624 F 04/13/8¢ 2.4 wi E of 6398 Black 16922 16923 10 No Yes 114.8 30.9 - 9.8 32,5 6 M-99:9cc 11 min Left rump
. mouth of E fork *ATS ' 2914 185 - 156 825 Rompua: lcc
Watana Creek .
N. side of :
o Susitna R. .
120625 F 04/13/80 2.3 mi E of 6409 Black 16921 16920 13 No No 108.0 - 78.0 29.0 31.0 6 M-99:9cc 20 min Left rump
oL mouth E Fork *ATS 2743 - 1981 737 187 Rompun: lcc
of Watana Ck.
N. side of
. Susitna River
120626 K 04/13/80 Fog Creek 6401 Black 15843 15842 5 - - 112.1 31.5 178.0 - 30.9 8 M-99:9cc - Top rump
R 2.5 mi SE of *ATS (2848) (800) (1981) - 185 Rompun: lcc
southeastern~
most Fog Lake
§ gide of
e Susitpa River.
120627 ¥ 04/13/80 Fog Creek 6408 Black 16916 16917 4 - - 115.0 30.8 79.0 30.5 35.0 6.5 M-99:9cc 10 min Top rump
S 2.9 mi SE of *ATS 2921 781 2006 775 889 Rompun: lcc
southeastern-
most Fog Lake
S side of
. ) Susitna River
120628 ¥ 04/13/80 Fog Creek 6403 Black 15827 15828 12 No Yes - - 84.0 32.0 33.0 -  H-99:9cc 7 min Left rump
T 2.6 mi SE of *ATS 2133 813 a3a Rompun: lcc
southeastern-
most Fog Lake
, 5. side of
Susitna River .
120629 F 04/18/80 3.3 mi S of 6434 Orange 16907 16906 3 No No-? 109.0 35.0 68.0 29.0 26.0 5 M-99:9cc 16 min Left rump
- Stephan Lake 36 2768 889 1727 7137 660 Rompun: icc
5. side of )

Susitna River



Tablé b_(con;.). Location, sge, reproductive status, physical measurements, and statistics associated with capture and handling of 40 adult moose in the
) Susitoa River Study Area from 11 through 23 April 1980.

Visual Measurements Inches Drug
L Radio Collar Hetal (6/1/80) Diagnosed (cm ) Body Reaction
Moose . Date of Collar Color Ear Tag No. Age w/Calf Pregnant Total Hind Heart Head Neck Cond. Drug Time Drug
Number Sex Capture Location Number and No. L. R. (¥rs.) Yes/No Yes/No Length Foot Girth Length Circum. Index Dosage (Min.) Placement
120630 F 04/18/80 2.8 mi NW of 6438 Orange 16108 16109 6 No No 115.0 35.5 84.0 31.0 39.0 8 M-99:9cc 11 min Top back
! o mouth of 40 2921 902 2133 787 991 Rompun:lcc
Tsusena Creek ‘
) N. side of
I Susitna R.
120631 F -.04/18/80 Devil Mountain 6435 Orange 16157 16158 10 No No 116.0 35.0 89.0 ' 34.0 35.5 8 M-99:9cc 14 min Left hind
C 2.8 mi SSW of 7 2946 889 2260 863 902 - Rompun: lcc leg
VABM Devil
i N. side of
. S Sugitna River
120632 F 04/18/80 Devil Mountain 6432 Orange 16115 16114 11 Yes-1 . Yes 114.0 32.0 80.0 30.0 32.0 8 M-99:9cc 18 Left rump
' 2.7 wi SSW of 34 2895 813 2032 762 813 Rompun:lce .
VABY Devil .
. N side of
. T Susitna River. - _
120633 F- 04/18/80 Devil Creek 6431 Orange 16155 16156 2 No ~No 89.0 30.0 656.0 26.5 34.0 7 H-99:9cc 9 min Left leg
6.4 mi N of 33 2260 762 16717 673 863 Rompun: lcc
VABM Devil
N side of
) ) Susitna River
120634 F 04/18/80 3.3 mi SSW of 6436 Orange 16912 16913 12 No Yes 115.0 30.6 82.0 29.8 30.1 7 M-99:9cc 12 min Right rump
o . Stephan Lake 38 2921 778 2083 756 765 Rompun:lcc
S. side of .
L Susitna River
120635 F -04/19/80 2.2 mi E of 6433 Orange 16162 16161 - Yes-1 Yes-? 120.0 32.0 78.0 31.5 33.0 8.5 M-99:9cc 9 min -
S mouth of 35 . 3048 813 1981 800 838 Rompun: 1cc
Deadman Creek ‘
N. side of

Susitna River



Table 4.(cbgp.).

Location, age, reproductive status, physical measurements, and statistics associated with capture and handling of 40 adult moose in the
Susitna River Study Area from 11 through 23 April 1980.

Visual ' Measurements Inches Drug
R Radio Collar Metal (6/1/80) Diagnosed {em ) Body Reaction
Moose Date of Collar Color Ear Tag No, Age w/Calf Pregnant Total Hind Heart Head Neck Cond. Drug Time Drug
Number Sex Capture Location Number and No. L. R. (Yrs.) Yes/No Yes/No Leangth Foot Girth Length Circum. Index Dosage (Min.) Placewent
120636 F 046/19/80 1.0 mi SSW of 6448 Orange 16165 16166 4 No No 107.0 31.5 68.0 28.0 31.5 7  M-99:9cc 7 min Left rump
Co o mouth of 50 2717 800 1727 711 800 Rompun: 1cc
Terrace Creek
§. side of
' Susitna R.
120637 F ~ 04/19/80 2 mi NNW of 6437 Orange 16170 16169 - No Yes 110.3  29.9 75.2 31.5 - 7 H-99:9cc 8 min Left side
- mouth of 39 2800 760 1910 800 Rompun:lcc
Terrace Creek
. §. gide of
S . Susitna River :
120638 F  04/19/80 1 mi SSW of 6446 Orange 16164 16163 16 est. No No 107.0 . 33.0 80.0 30.8 - 6 M-99:9cc 7 Left rump
B mouth of 48 2717 838 2032 1781 Rompun:1lcc
Terrace Creek
S side of
S Susitna River.
120639 ¥ 04/19/80 1.3 mi E of 6444 Orange None Nope 4 No Yes 115.0 30.8 80.0 29.8 31.5 6.5 M-99:11cc 12 min Rump
'” . Watana Lake 46 2921 781 2032 756 800 Rompun: tcc
§ side of
T Susitna River
120640 . ¥ 04/19/80 1.9 mi N of 6440 Orange 16160 16159 5 Yes-1 Yes 110.5 92.0 28.3 34.8 6 M-99: 16 min Right rump
. mouth of 42 2807 2337 718 * 883 Rompun:lcc Top rump
Terrace Creek
S. side of ‘
T Susitna River
120641 ¥ 04/20/80 1.8 mi SE of 6442 Orange 15942 15943 12 No Yes 114.2 31,5 79.5 29.3 33.9 7 MH-99:9cc 8 min Left leg
. mouth of 44 2900 800 2020 745 860 . Rompun:lcc
Watana Creek
§. side of
Susitna River
3 ! A ¥ 3 i 3 | 4 3 3 L3 3 3 3

ookl



Table 4 (ctont.).

gt
i

Location, age, reproductive status, physical measurements, and statistics associated with capture and handling of 40 adult woose in the
Susitna River Study Area from 11 through 23 April 1980.

Visual Heasurements Inches Drug
o Radio Collar Metal (6/1/80) Diagnosed (em ) Body Reaction
Huose . Date of Collar Color Ear Tag No. Age w/Calf Pregnant Total Hind Heart Head - Neck Cond. Drug Time Drug
Number Sex Capture location Rumber and No. L. R. (Yrs.) Yes/No Yes/No Length Foot Girth Length Circum. Index Dosage (Min.) Placement
120642 HA.‘04/20/BO 1.8 mi SE of 6445 Orange 15915 16903 4 - - 109.5 35.0 70.0  29.0 33.5 -  M-99:17cc 34 min Left leg
! ) mouth of Watana 47 2781 889 1778 787 851 Rompun:lcc Left rump
Creek . Left side
o §. side of
Lo Susitna River
120643 F 04/20/80 1.1 mi WSW of 6447 Orange 16918 16919 - No Yes 115.0 31.5 79.0 31.0 26.8 6 - - Left rump(2x)
' o southeastern- 49 2921 800 2006 787 680 Right rump
- most Fog Lake .
R 5. side of
o Susitna River
120644 F 04/20/80 1.1 mi WSW of 6452 Orange 15947 15946 - No No 111.0 35.0 72.0 28.0 30.0 6 18 min Left side
- southeastern-~ 54 2819 889 1829 711 762 Back
Y most Fog Lake
o S. side of
S Susitna R.
120645 F  04/20/80 1.7 mi N of 6451 Oramge 15945 15944 10 No Yes 124.0 29.8 84.0° 30.3 32.0 6 M-99:11cc 25 min Left hip
A . mouth of Watana 53 3149 756 2133 770 813 Rompun: lcc
Creek
N. side of
: o Susitna River
120646 ¥ 04/20/80 1.7 wi N of 6441 Orange 16914 16915 11 No Yes 117.3  30.5 86.0 31.0 34.8 6.5 M~99:9cc 5 Tail
. . mouth of Watana 43 : 2978 775 2184 787 883 Rompun;lec
- Creek, N side of
S Susitna River.
120647 F  04/22/80 0.4 mi S of 6443 Orange 16924 16925 13 No Yes - 29.5 85.9 31.2 - 8 - 36 min Left rump
L mouth of creek 45 750 2180 792

draining easterly
from Clarence Lake
area

S side of

Susitna River



Table 4 (conia).

-

Location, age, reproductive status, physical measurements, and statistics associated-with capture and handling of 40 adult moose in the
Susitna River Study Area from 11 through 23 April 1980,

Haose

. Date of

Number Sex Capture

Radio

Collar Color
Location Number and No,

Measurements Inches

(cm )

w/Calf Pregnant Total
(¥rs.) Yes/No Yes/No Length

Ear Tag No.

Heart Head

Neck

Drug

Girth Length Circum. Index Dosage

Drug

(Min.) Placement

120648 F

120649

120650 .

120651

120652

04/22/80

F .. 04/22/80

04/22/80

© 064/22/80

04/23/80

0.8 mi N of 6462
mouth of Jay

Creek

N. side of

Susitpna River

0.5 wi § of 6463
mouth of creek
flowing easterly

aut of Clarence

Lake area

5. side of

Susitna River

0.9 mi N of 6467
mouth of Jay

Creek

N. side of

Susitna R,

2.0 wi WNW of 6449
mouth of Kosina
Creek

N. side of

Susitna River
Gauging Station 6464
1.8 mi SE of

VABM Windus

N side of

Susitna River.

15956 15 est. No

15.2
1910

82,7
2100

82.0
2083

15.6
1920

85.1

2160

38.2
970

3.5
850

31.9
810

32.5
825

35.0
890

fred

M-99:15¢cc 52 min

Rompun: lcc

M-99:9cc
Rompuan:lcc

M-99:9cc
Rompun: lcc

M-99:9cc
Rompun: lcc

M-99:9cc
Rompun: 1cc

ingial

Left back
1

Left rump

Left rump

Left rump

Left yump



Table & (cbnt;)h

"r;i~§

Location, age, reproductive status, physical measurements, and statistics associated with capture and bandling of 40 adult wmoose in the
Susitna River Study Area from 11 through 23 April 1980.

Moose

' ﬁatg of

Mumbet Sex Capture

Visual
Collar
Color

and No.

Measurements Inches

w/Calf Pregnant Total Hind Heart HNead

Ear Tag No. Age
L. R. (Yrs.) Yes/No Yes/No Length Foot Girth Length Circum. Index Dosage

Drug

(Min.) Placement

120653

120654

120655

120656

04/23/80
- g423/60

©04/23/80

-'04/23/80

2.5 mi SSE of
mouth of creek
flowing easterly
out of Clarence

Susitna River
2.5 mi SSE of
mouth of creek
flowing easterly
out of Clarence

Susitna River
Gauging Station 6404
1.8 mi SE of

VABY Windus

Gauging Station 6465
1.8 wi SE of
VABH Windus

Susitna River

Orange
52

Black

Black

Yellow
68

7 M-99:12¢cc 35

M-99:12cc 27 min

Left rump(2x)

Left side

Left rump

Left rump(2x)

*ATS =

‘Air- Temp Sensing.
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"Figure 8. Collaring locations of calt (26 mo.) and adult moose captured for movement and mortality

studles from October 1976 through 19881 In the Nelchina and upper Sualtna Rlvor Basins of
Southcentral Alaska. (scale: 1 cm=12500 meters) .
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Table 5, Location, age, reproductive status, physical measurements and statistica associated with the capture and handling of adult and calf woose im the
Susitna Hydroelectric Project Study Area during spring, 1981.
Place-
menk
Visual Age Induc-
: Radio = Collar Metal 6/1/81 Tot. Hind Heart Head Neck tion
Acc. # Date of Gollar Golor Ear Tag yrs. w/calf preg~ served length foot girth length circum. Drug time
120- Sex Capture Location # s i R. L. (mos.) & # nant (cm) (cm) (cm) (cm) (cm) Cond. Dosage (min.)
662 F 5-9-B1 N. of Susitna R., 8583 Black B8(96) Y(1) Y 11mg M99
opposite Fog Crk 257 79 198 67 200mg Rompun 10
663 F 5-9-81 8031 White 8(96) w/yrlg(l) Y llmg M99 L. shildr.
100 mg Rompun 7
666 F  3-5-81 Delusion Crk 6416 Yellow 83 9(106) Y(1) Y 6 9mg+2,5mg M99 L. Rr.
294 103 211 100 wg Rompun 19
667 M 3-5-81 Delusion Crk 6455 Yellow 87 16562 2(22) 9mg M99
264 78 158) 62 75 100mg Rowpun 13
668 F 3-5-81 Watana Crk 6496 Yellow 73 16564 8(94) N b4 9mg M99
297 8s 206 79 100mg Rompun 13
669 F 3-5-81 2 miles E, of 7154 Black 16435 0(l0) 5mg+2.5 mg M99
Watana Crk 206 69 154 17
670 M 3-5-81 Delusion Crk 7155 Black 16905 0(10) Smg M99 L. hip
229 73 173 53 69 11
671 F 3-5-81 Delusion Crk 6454 Yellow 86 16826 4(46) Y(1) Y 9mg M99
2717 [:1 183 70 100mg Bompun 9
672 M 3-7-81 E. of 7158 Black 0(10) 6 5mg M99 L. rump
Watana Crk 9
673 F 3-7-81 E. bank of 6495 Orange 72 -~ Adult ¥Y(1) 10mg+5mg M99 L.shldr.&back
Watana Crk 300 83 206 78 82 7 13
674 M 3-7-81 E. bank of 7150 MHlack 0(10) Smg M99 R. rump
Watana Crk 230 74 175 60 8
675 M 3-7-81 On Mountain E. 7151 Black 16375 0(10) Smg M99
of Watana Crk 218 75 168 55 64 9
676 M 3~-7-81 7141 Black 16567 0(10) Smg M99 L. back
6
677 M 3-7-81 Upper Kosina Crk 7145 Black 0(10) Smg M99 mid-back
: 203 13
678 F 3-7-81 opposite Kosina 7146 Black 0(10) 4.5 5mg M99 L. rump
Crk ' 6
679 F 3-7-81 E. of Fog L 7144 Black 0(10) S5mg M99 Loin
. 9
680 F  3-8-81 Tsusena Crk 7142 Black 16612 2(22) N 10mg M99 Rump
15
/
3 3 ] . I B 3 4 3 3 3 3 )
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Table 5. (cont.d).
Place- '
ment
Visual Age Induc-
Radio Collar Metal 6/1/81 # ob- Tot. Hind Ueert Head Neck tion
Acc. # Date of Collar Colox Ear Tag yrs, w/calf preg- served length foot girth length circum. Drug time
120~ Sex Capture Location # s # R. L. (mos.) & # nant calves (cm) (em) (em)’ (cm) (cm) Cond. Dosage (min.)
68) F 3-8-81 Warren Crk 7147 Black 0(10) ] 5+2.5+2.5mg L. rump
: : 209 72 53 M99 22
682 M 3-8-81 Gardnmer Crk 6497 Yellow 74 16908 Adult 9mg+Smg M99 L. rump
286 79 189 73 89 5 100mg Rompun 13
683 F 3-9-81 Kosina Crk 6498 Yellow 75 16626 9(106) Y(1) Y 10mg M99 Rump
295 78 240 78 90 7 200mg Rompun 11
684 F 3-9-B1 Kosina Crk 6499 Yellow 76 16846 8(94) Y(Q1) Y 12,.5mg M99 L. rump
78 80 11,5
685 F 3-9-81 Matana Crk 7149 Black 16690 0(10) Smg M99 L. side
199 71 54 64 9
686 F 3-9-81 NE of 7153 Black 0(10) 5+2.5mg M99 Top rump
Watana L 224 70 152 58 10
687 F 3-9-81 Vatana L 6458 Yellow 89 16174 4(46) N Y 10mg M99 R. rump
) 293 80 200 73 2.5mg -Rompun 10
688 F 3-9-81 Jay Crk 6457 BRBlack 16991 Adult Y(1) N 5mg M99
. 293 220 71 81 10
689 F 3-9-81 VWatana L 7143 Black 16573 0(10) Sug M99 R. rump
219 70 160 55 64 5
690 M 3-9-81 Kosina Crk 7156 Black 0(10) - L. rump
) 208 65 163 54 71 5 8
691 F 3-9-81 NE of 6500 Yellow 77 15841 9(106) N Y 10mg M99
Watana L 290 77 7.5 200mg Rompun 10
692 F 3-9-81 Watana Crk 6461 Yellow 64 16515 9(106) Y(1) Y 5+10mg M99 L. flank
294 84 196 77 6 2.5mg Rompun L. hip
12
693 F 3-9-81 Kosina Crk 7148 Black 8447 0(10) ’ Smg Rompun Flank
228 67 160 58 60 ’ 7
694 F 3-8-81 Tsusena Crk 6501 Yellow 78 16113 13(154) w/yrlg(l) Y 2.5+5mg M99 L. neck
& rump
304 88 188 n 81 20
695 F 5-7-81 NW of Fog 6426 Yellow 67 16568 Adult w/yrlg(l) N - -
Lake 307 84 78
696 M 5-7-8B1 NW of Fog 7157 Black 0(10) w/cow - -
Lake * 223 75
697 F 5-7-81 SW of 6431 Yellow 49 Adult Y Ilmg M99
Warren Crk 284 78 189 15 84 100mg Rompun 10




has been employed (Gasaway et al. 1979; Smith and Franzmann 1879)
and continues to be considerably less thaﬁ‘tﬁat obtained from use
of succinylcholine chloride (Didrickson et al. 1977; Ballard and
Tayloxr 1980) and does not influence subsequent calf survival as

suspected for the latter drug (Ballard and Tobey 1981).

Average age of cow moose tagged in spring 1980 was 9.4 years
(S.D.=3.8) while the three bulls averaged 4.3 years (S.D.=0.6).
The 12 adult cow moose captured in 1981 averaged 7.6 (S.D.=2.9).
Mean ages of cow moose tagged in the upper Susitna River Basin in
1976 and 1977 (Ballard and Taylor 1980) were compared with those
captured in 1980 and were found to be significantly (t test,
P<0.05) younger. The 1976 and 1977 ages were adjusted upward to
correspond with the 1980 tagging period, making it possible to
examine the same cohorts during both periods. Cow moose in 1976
averaged 7.5 years (S.D.=3.4) of age while those in 1977 averaged
7.0 years (S.D.=3.8). In 1976-77 cow moose 10 years of age or
)older represented 25 percent of the sample; however, in 1980 they
represented 62 percent of the sample. In 1976 and 1977 moose
from 2 to 4 years of age comprised 21 and 40 percent, respec-
tively, of the captured moose while in 1980 they comprised 21
percent. Differences between the age structures was most evident
for moose 5 to 9 years of age. These findings indicate that the
age structure of the adult cow segment has become older since
1976-77. Although reasons for this shift are uncertain, preda-
tion and mortality due to the severe winter of 1978-79 appear
likely. The age structure of adult cow moose captured in 1981
were not compared with other tagging years because of small
sample size (n=12).

The reported age structure of other Alaskan moose populations was
younger. In the Gakona, Gulkana, and Chistochina drainages of
Game Management Unit 13, Van Ballenberche (1978) reported that 49
percent of his tagged moose were 10 years old or older. Bailey
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et al. (1978) reported that on the Kenai Peninsula cow moose 10
years old or older comprised 28-34 percent of the sampled moose,
while in the Peter's Hills regibn west of Talkeetna they com-
prised 38 percent of the sample, Didrickson and Taylor (1978).
Moose from 6 to 11 years of age (38% of the 1980 Susitna sample)
are the most productive members of the population, producing more
twin calves than moose of other age classes (Markgren 1969); how-
ever, even older moose continue to regularly produce calves until
death.

Of the 37 cow moose captured and palpated in April 1980, 23 (62%)
were determined to be pregnant by rectal palpatidn, while in 1981
11 of 14 (79%) were determined pregnant. However, observations
of the fadio-collared cows following capture in 1980 from fixed-
wing aircraft revealed that four cows which had been diagnosed as
ndt pregnant subsequently had calves.‘ Therefore, the actual
pregnancy rate was at least 73 percent and may have been higher.
Cows captured in 1981 were not monitored frequently enough during
calving to determine the accuracy of pregnancy diagnoses. Rea-
sons for the false diagnoses in 1980 and perhaps'in 1981 may be
attributed to the inexperience of some of the field staff. O0Of
the éight participating individuals in 1980, only two could be -
considered experienced and current (210 moose within past 2

years). Given these problems the 1980 and 1981 pregnancy rates

‘may have been comparable to the 88 percent observed in 1977 which

was comparable .Wwith the rates determined elsewhere in Alaska
(Ballard and Taylor 1980). Low preghancy rates could also result
from at least two other factors: 1low bull:cow ratios and nutri-
tioﬂél stress. It has been speculated that low bull:cow ratios
could influence conception rates (McIlroy 1974; Bishop and Rausch
1974; Bailey et al. 1978 and others). During 1979 bull:cow ratio
reached a record low of 8.8 and thus this could have been a fac-
tor. However, low bull:cow ratios have occurred elsewhere and
existing data suggest normal pregnancy rates.

Another, more plausible, reason for low pregnancy rates is nu-
trition. Poor nutritional condition may have caused lower preg-
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nancy rates for several years on the Kenai Peninsula (Franzmann
pers. comm.). Examination of blood—daté“from Susitna moose in-
dicate that the 1980 captured moose were more nutritionally
stressed than those sampled from the same area in earlier years
(Ballard and Taylor 1980).

Condition Assessment

Criteria developed by Franzménn and LeResche (1978) were utilized
to assess the physical status of Susitna River moose. Analyses
performed on moose tagged in 1975 and 1977 had suggested that
Susitna moose were in good physical condition relative to other
Alaskan moose populations (Ballard and Taylor 1980). However,
adult moose examined in spring 1979 had the lowest values of cer-
tain blood parameters of any moose examined in Unit 13 and were
judged to be nutritionally stressed due to winter severity (op.
cit.).

Blood values for 34 individual moose sampled in April 1980 and 13
adults sampled in 1981 are presented in Tables 6A, 6B and 7. In
previous studies, blood parameters suggested that moose from the
Devils Mountain area may have been in poorer physical condition
than those examined elsewhere in the Basin. Small sample sizes,
however, prevented any firm conclusions. To examine this hypo-
thesis further, blood samples from moose captured in 1980 were
divided into groups above and below the proposed Watana dam
{Tables 6A and 6B). Five blocod parameters which Franzmann and
LeResche (1978) believed were the most useful for assessing con-
dition were compared. They were as follows: Packed cell volume
(PCV), hemoglobin (Hb), calcium (Ca), phosphorus (P) and total
protein (TP). No significant differences (t test, P>0.01) were
detected for these five parameters, suggesting that moose above
proposed Watana reservoir exhibited similar trends of condition

and below the blood values from adult cow moose captured in 1980
and 1981 were compared with those collected previously in GMU 13
and elsewhere in Alaska (Table 8). Samples in Table 8 are listed

in order of high to low PCV wvalues which Franzmann and LeResche
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Table 6A: Blood values from adult moose radio-collared downstream from Watana dam site, April 1980.

" Hemo- Packed Phos~ Uric Choles-  Bili- Alk.
Accession globin cell Calcium phorus Glucose BUN Acid terol rubin Phos. L.D.H. S.6.0.T.
Number g/lOOml vol. % mg/100ml mg/100ml mg/100ml mg/100ml mg/100ml mg/100ml mg/100ml mg/100ml mu/100ml mu/100ml

120617 . 14.0  35. 36.

5 10.3 4.9 96.0 - B.0 0.3 53.0 0.1 0 213.0  67.0

120619 - 19.3  43.0 10.0 5.8 101.0 5.0 0.5 54.0 0.1  49.0 223.0  73.0
120622 . 20.0+ 39.5 9.5 6.1 122.0 6.0 0.3 70.0 0.1 53.0 167.0  51.0
120628 . 20.0+ 48.8 10.5 6.0 154.0 3.0 0.4 66.0 0.2 62.0 218.0  51.0
120629 . 15.0  43.0 11.0 4.6 151.0 4.0 0.2 78.0 0.1 38.0 169.0  56.0
120630 18.5  44.5 10.1 5.9 120.0 6.0 0.4 57.0 0.2 57.0 223.0  56.0
120631 . -18.0 42.0 10.1 6.2 177.0 6.0 0.2 54.0 0.2 27.0 241.0  70.0
120632 17.0  41.0 10.0 5.7 118.0 4.0 0.4 76.0 0.1 . 50.0  219.0  62.0
120633 " 18.0  38.0 9.9 7.1 173.0 7.0 0.3 39.0 0.1 89.0 205.0  54.0
120634 - 18.5  44.0
120635 10.7 4.3 122.0 8.0 0.4 72.0 0.2 59.0 213.0  54.0
120643 - 20.0+ 54.0 _
120644 .. 17.5 41.0 10.0 7.0 115.0 7.0 0.6 50.0 0.1 75.0 252.0  79.0

n -2 12 11 11 11 11 11 11 111 11 11

X . 17.98 42.86  10.19  5.78 131.73  5.82 0.36 60.82  0.14 54.09  213.00 61.18

s.D. 1.92 4.86 0.41  0.89 27.63  1.66 0.12 12.34  0.05 17.65 25.85  9.66




Table 6A (cont.). Blood values from adult female moose radio~collared downstream from Watana dam
: . site, April 1980.

Total (Electro-
.. . Protein Albumin phoresis) , .
Accession SMAK test SMAK test Albumin Albumin Globulin Alpha 1  Alpha 2 Beta Gamma

Number  g/100ml g/100ml  g/100ml1 g/100ml g/100ml  g/100ml g/100ml g/100ml A/G Ratio

120617

| 6.3 3.6 4.7 1.6 0.2 0.3 0.4 0.8 2.9
120619 6.8 3.8 5.1 1.7 0.5 - 0.4 0.9 3.0
120622 1.7 3.3 4.2 3.5 0.5 0.6 0.5 1.9 1.2
120628 6.9 3.9 5.0 1.9 0.3 0.4 0.4 0.9 2.6
120629 = 7.7 3.4 4.7 3.0 0.3 0.5 1.9 0.5 1.5
120630 6.9 4.0 5.2 1.7 0.6 Co- 0.4 0.8 3.0
120631 - 6.9 4.0 5.0 1.9 0.3 0.4 0.4 0.8 2.7
120632 7.1 3.8 4.8 2.3 0.3 0.4 0.5 1.1 2.1
120633 5.9 3.6 4.4 1.5 0.3 0.4 0.4 0.5 3.0
120634 -

120635 6.8 4.0 5.2 1.6 - 0.6 0.3 0.7 3.2

120643 -

120644 - . 7.1 3.9 5.1 2.0 0.3 0.3 0.3 1.1 2.5
n oo 11 11 11 11 10 9 11 11 11
X 6.92 3.75 4.85 2.06 0.36 0.43 0.54 0.91 2.52

8.D." *° 0.52 0.25 0.33 0.64 0.13 0.11 0.46 0.38 0.66
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Table 6B - Blpod values from adult female moose radio-collared upstream from Watana dam site, April 1980,

;Hemo— Packed Phos- ' Uric Choles- Bili- Alk.
Accession - globin _cell Calcium phorus Glucose B.U.N. Acid ~ terol rubin Phos. L.D.H. S8.G.0.T.
Number =  g/100ml vol. % mg/100m1 mg/100ml mg/100ml mg/100ml mg/100ml mg/100ml mg/100ml mg/100ml mu/100ml mu/100ml

120618 17.5  43.

. 5 10,7 5.9 121.0 7.0 0.2 45.0 0.2 33.0 204.0  56.0
120620~ .17.0  42.8 10.1 5.4 112.0 8.0 0.2 62.0 0.2 41.0 189.0  86.0
120621 . 18.0 44.3 10.3 5.3 117.0 5.0 0.3 110.0 0.2 104.0 216.0  66.0
120623 - .18.0 41.0 8.5 5.0 122.0 8.0 0.2 42.0 0.2 21.0 183.0  48.0
120624 - 17.0  42.8 10.4 5.4 131.0 4.0 0.2 54.0 0.2 43.0 166.0  49.0
120625 - 15.5 22.3 10.0 5.2 136.0 3.0 0.1 59.0 0.2 33.0 164.0  59.0
120636 - 10.1 5.3 152.0 5.0 0.3 40.0 0.2 57.0 180.0  40.0
120637 . 10.2 5.2 128.0 6.0 0.5 62.0 0.2 97.0 190.0  54.0
120638 11.2 6.0 154.0 8.0 - 0.2 53.0 0.2 42.0 222.0  54.0
120639 - - . 10.2 7.3 121.0 6.0 0.3 56.0 0.1 30.0 207.0  69.0
120640 © . 10.3 6.3 137.0 6.0 0.2 43.0 0.1 41.0 153.0  41.0
120645 -7 17.0  44.0 10.5 4.1 105.0 4.0 0.5 54.0 0.2 229.0  85.0
120646 - 17.0  44.0 10.4 5.6 102.0 7.0 0.3 68.0 0.2 75.0 197.0  55.0
120647 °~  16.5 42.0 10.8 5.3 111.0 6.0 0.3 61.0 0.2 46.0 215.0  51.0
120648 - . 19.5 48.0 10.5 2.1 147.0 2.0 0.4 52.0 0.2 66.0 278.0  94.0
120649 ... - 16.2  42.0
120650 - 17.4  47.0 10.4 5.8 130.0 5.0 0.2 55.0 0.1 58.0 273.0  54.0
120651 - - 16.1 42.0 10.5 4.3 116.0 4.0 0.2 - 71.0 0.2 36.0 262.0  57.0
120652 -18.0  47.0 10.2 2.1 160.0 2.0 0.2 53.0 0.1 82.0 181.0  46.0
120653 ° 19.0 48.0 9,7 2.3 119.0 5.0 0.3 63.0 0.3 68.0 216.0  63.0
120654 . © 16.5 41.0 10.5 4.5 143.0 4.0 0.2 49.0 0.1 42.0 199.0  51.0
120655 - - 17.5 42.0 10.4 4.8 102.0 3.0 0.2 62.0 0.1 © 40.0 201.0  53.0
120656 .- . 17.0 45.0 10.0 3.9 121.0 3.0 0.3 71.0 0.3 56.0 219.0  78.0

n 18 18 22 22 22 22 22 22 22 21 22 22
X 17.26 42.71  10.27  4.87 126.68 5.05 0.26 58.41  0.18 52.90  206.55 59.50

S5.D. t_}: 1.00 5.58 0.50 1.33 16.81 1.86 0.10 - 14.49 0.06 22.13 32.91 14.63
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Téb1e 6B-(cont.). Blood values from adult female moose radio-collared upstream from Watana dam
: : site, April 1980.

~ Total | (Electro~
Protein Albumin phoresis)
Acce351on SMAK test SMAK Test Albumin Globulin Alpha 1 Alpha 2 Beta Gamma

Number * g/100ml1 g/100ml g/100ml g/100ml g/100ml g/100ml g/100ml g/100ml A/G Ratio

120618

7.1 4.0 5.2 1.9 0.6 0.4 0.8 2.8
120620 -~ 7.1 3.9 5.0 2.1 0.6 0.6 0.9 2.3
120621, 7.0 4.0 5.0 2.0 0.5 0.4 0.5 0.7 2.4
120623 5.2 3.0 3.9 1.3 0.2 0.3 0.3 0.5 3.1
120624 - 7.8 3.8 5.1 2.7 0.6 0.6 1.5 1.9
120625 @ 6.7 3.6 4.5 2.2 0.3 0.4 0.4 1.1 2.1
120636 6.6 3.6 - 4.6 2.0 0.5 0.5 0.9 2.4
120637 - 6.8 4.0 5.1 1.7 0.6 0.5 0.7 2.9
120638 7.9 4.1 5.2 2.7 0.2 0.4 0.6 1.4 2.0
120639 6.7 3.8 5.1 1.8 0.3 0.4 0.5 0.6 2.9
120640- = 6.6 3.7 4.8 1.8 0.2 0.3 0.4 0.5 2.7
120645 . 6.9 3.6 4.7 2.2 0.7 0.5 1.1 2.1
120646 - 7.0 3.7 4.8 2.2 0.8 0.5 0.9 2.2
120647 .. 7.0 3.8 4.9 2.1 0.6 0.4 1.1 2.3
120648 6.9 4.0 4.9 2.0 0.7 0.5 0.7 2.4
120649
120650 6.6 4.0 5.0 1.6 0.6 0.4 0.6 3.1
120651 = 6.7 3.6 4.5 2.2 0.3 0.4 0.4 1.1 2.0
120652 . = 7.0 3.9 5.2 1.8 0.6 0.4 0.8 2.8
120653 " 6.9 3.8 5.0 1.9 0.6 0.4 0.9 2.7
120654 - 6.7 3.9 4.9 1.8 0.3 0.4 0.4 0.7 2.8
120655 .= 6.7 3.7 4.5 2.2 0.3 0.4 0.5 1.0 2.0
120656 . 7.1 3.8 4.8 2.3 0.2 0.6 0.4 1.1 2.1
n 22 22 22 22 21 11 22 22 22
X - 6.86 3.79 4.85 2.02 0.46 0.43 0.46 0.89 2.45
S.D.- . 0.50 0.23 0.31 0.32 0.19 0.12 0.08 0.27 0.39
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Table 7, Blood values from adult cow moose sampled in spring, 1981 in the Susitna River Study Area of
southcentral Alaska.

Hemo-  Packed Phos- Uric = Choles- Bili- Alk.
Accession globin cell Calcium phorus  Glucose BUN acid terol rubin Phos. L.D.H. 5.G.0.T. Age
Number g/100ml vol. Z mg/100ml mg/1l00ml mg/100ml mg/100ml mg/100ml mg/100ml mg/100ml mg/100ml mu/100ml mu/100ml (months)
120662 20.0 50 10.5 4.5 118 3 0.4 76 0.2 73 210 51 96 -
120663 18.5 48 10.6 5.1 136 2 0.4 74 0.2 76 167 48 96
120666 15.5 37 : , 105
120668 16.0 39 10.2 6.6 130 3 0.4 57 0.1 73 185 58 94
120671 17.0 41 10.4 6.8 110 1 0.3 76 0.1 80 277 63 46
120673 19.0 47 11.1 5.1 109 4 0.3 84 0.2 70 257 75 Adult
120680 20.0 48 10.9 5.5 134 3 0.2 71 0.2 54 ‘299 66 - 22
120683 16.4 42 11.5 3.8 176 4 0.3 87 0.1 63 221 72 106
120687 15.6 37 10.0 5.1 114 2 0.4 57 0.1 35 183 71 .31
120688 19.2 41 11.2 5.4 127 2 0.4 82 0.2 78 193 52 Adult
120691 19.5 45 10.6 4,2 117 3 0.6 131 0.2 39 282 T a/ 106
120692 17.5 45 9.4 5.2 173 4 0.3 56 0.1 62 142 50 106
120694 19.5 47 154
120695 10.3 5.1 83 4 0.2 62 - 0.1 31 203 48 Adult
n 13 13 12 12 12 12 12° 12 12 12 12 11
X 17.98 44,08 10.56 5.20 116.53 2.92 0.35 76.08 0.15 61.17 218.25 59.45
SD 1.71 4.41 0.57 0.86 44.75 1.00 0.11 20.43 0.50 17.47 49,47 10.34

a/ T = trace; not included for computations
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Table 7. (cont.d)

Total (Electro-
Protein Albumin phoresis)

Accession  SMAC test SMAK test Albumin  Albumin Globulin Alpha 1  Alpha 2 Beta Gamma Age
Number g/100mg g/100ml g/100ml  g/100ml g/100ml g/100ml g/100ml g/100ml A/G Ratio {(months)
120662 7.1 4.2 4.9 2.2 6.3 0.4 0.4 2,2 96
120663 7.2 4.0 5.0 2.2 0.2 0.4 0.4 2,2 96
120666 4,5 2.0 0.4 0.3 0.5 2,2 105
120668 6.2 4,1 4.9 2.7 0.2 0.3 0.4 3.0 94
120671 6.3 3.9 - 4.7 1.6 0.3 0.4 0.3 3.0 46
120673 7.4 4.4 5.2 2.2 0,3 0.5 0.5 2.4 Adult
120680 6.6 4,2 5.0 1.6 0.2 0.4 0.3 3.0 22
120683 7.0 3.9 4.9 2.1 0.2 0.3 0.6 2.4 106
120687 6.1 3.5 “h.b 1.7 0.2 0.2 0.3 2.6 31
120688 6.7 4.0 4.9 1.8 0.2 0.4 0.4 2.8 Adult
120691 6.9 4.7 4,0 2.9 0.1 1.7 0.4 1.4 106
120692 6.1 3.7 4.3 1.8 0.2 0.3 0.4 2.4 106
120695 6.3 3.7 4.5 1.8 0.1 0.3 0.5 2.4 Adult
n 12 12 13 13 13 13 13 13
x 6.66 4.03 4.71 2,05 0.68 0.45 0.42 2.46
SD 0.46 0.33 0.34 0.40 1.69 0.38 0.09 0.44

*
} 3 3 3 } i i 5 4 3 3
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Comparison of moose blood and morphometric condition parameters from Alaskan populations sampled in late
winter and spring (sample size in parenthesis, table modified from Smith and Franzmann 1979).

Copper River

Delta GMU 13 GMU 13 GMU 15C GMU 13 GMU 14C
(Mar. 1974) (Maxr. 1977) (Apr. 1975) (Apr. 1975) (Mar. 1981) (Feb. 1976)
Blood Values Mean Sh Mean SD ~ Mean sD Mean -~ 5D Mean SD Mean SD
Calcium mg/dl 10.38 0.74(44) 11,23 0.80(49) 10.91 0.86(58) 9.61 0.98(29) 10.56 0.57(12) 10.33 0.81(19)
Phosphorus mg/dl 5.50 0.69(44) 4,48 1.03(49) 5.63 0.99(59) 4.72 1.08(29) 5.20 0.86(12) 4.74 1.51(18)
Glucose mg/dl 147.0  37.5(44) 152.4 26.6(49) 127.8 29.2(59) 91.3 16.2(29) 116.5 44.8(12) 109.9 16.3(18)
Total
Protein g/dl 7.07 0.57(45) 7.14  0.63(54) 7.43 0.40(61) 6.70 0.83(30) 6.66 0.46(12) 7.20 0.54(18)
Albumin g/dl 3.82 0.39(45) - - 5.21 0.39(61) 4.21 0.51(30) 4,03 0.33(12) 4.80 0.41(18)
Beta .
globulin g/dl 0.72 0.09(45) - - 0.60 0.11(61) 0.55 0.12(30) 0.42 0.09(13) 0.60 0.07(18)
[

Hemoglobin g/dl 19.8 0.5(46) 18.8 1.38(25) 19.7 0.7(60) 18.7 1.5(29) 18.0 1.7(13) 15.4 1.2(17)
PCV % 53.2 4,2(46) 50.2 3.5(51) 49,2 3.7(60) 45.9 3.9(29) 44,1 4.4(13) 43,4 2.8(19)
Total
Length
(females) cm 301.5 81.0(23) 288.5 18.0(38) 295.6 10.9(115)288.5 15.3(210) 291.0 13.0(13) - -
Chest Girth ) |
(females) cm 201.3 13.8(25) 195.4 12.7(34) 191.3 14.3(105)182.2 16.3(194) 203.2 16.3(1l1) - -
Hind Foot
(females) cm 81.5 1.8(16) - - 80.0 2.9(79) 79.9 3.8(203) 84.2 7.1(11) - -
Shoulder
Height
(females) cm - - - - 185.5 14,1(65) - - - -

11.1(7) 174.9
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Table 8. (cont'd)

GMU 13
Susitna Moose Research
Study Area Yakutat GMU 13 Center GMU 9
(Apr. 1980) (Mar. 1980) (Mar. 1979) (Feb., Mar., Apr.) (Apr. 1977)
Blood Values Mean sD Mean sD Mean sD Mean SD  Mean sD
Calcium mg/qg 10.24  0.47(33) 10.98 0.57(41 9.52 (1.14(13) 9.81 0.64(39) 10.80 0.43(57)
Phosphorus mg/dl 2.17 1.26(33) 3.71 1.06(41) 4,90 0.84(13) 3.90 1.09(39) 4.35 0.86(57)

Glucose mg/dl 128.36 20.74(33) 143.8 23.1(41) 107.9 21.0(13) 116.2 26.1(39) 158.1 22.2(57)

Total
Protein g/dl 6.88 0.50(33) 7.45 0.43(41) 5.65 0.60(13) 6.60 0.44(39) 7.79 0.43(57)
Albumin g/dl 4.85 0.31(33) 5.38 0.30(41) - - 3.76 0.46(39) 5.05 0.28(57)
Beta
globulin g/dl . 0.48 0.27(33) 0.62 0.09(41 - - 0.58 0.10(39) 0.74 0.11(57)

Hemoglobin g/dl 17.55 1.45(30) 16.7 - 1.3(42) 16.9 1.5(11) 15.9 2.2(39) 16.4 1.3(54)

PCV % 42.77 5.22(30) 40.6 3.6(42) 40.6  3.6(11) 39.9 4.6(39) 39.0 5.4(56)
Total
Length cm 288.5 15.3(34) 289.2 13.0(39) 286.0 17.5(13) 282.6 9.1(254) 302.1 6.8(54)

Heart Girth cm 200.3 17.2(33) 202.6 12.2(39) 188.1 14.2(13) 179.5 11.1(252) 201.1 12.2(53)

Hind Foot cm 80.9 4.4(31) 79.4 13.7(37) 84.1 5;5(13) 79.3 1.9(246) 80.8 1.8(12)
Shoulder : :
Height cm - - - - - - 175.9 8.1 - -

[
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(1978) believed was the most us?fyi_pg;a@eter for assessing con-
dition class. They believed the following blood values repre-
sented adult moose in average or better condition: PCV - 50 per-

cent; Hb - 18;6 g/100 ml, calcium - 10.4 mg/1l00 ml, phosphorus =

‘5.2 mg/100 ml, total protein - 7.5 g/100 ml, albumin - 4.5

g/100 ml, beta globulin 0.7 g/100 ml, and glucose - 140 g/100
ml. Seven of eight of these values in 1980 and six of eight in
1981 were below these desirable levels. Mean PCV and Hb wvalues
from each sampling period were compared by t test. PCV values
for 1980 Susitna mobse-were significantly different (P<0.05) from
those obtained at the Copper River Delta, GMU 13 in, 1975 and
1977, GMU 15C, GMU 5, the Moose Research Center and GMU 9. No
significant differénces (P>0.05) were detected between 1980 PCV
values and those found in GMU 13 in 1979, when moose were nutri-
tionally stressed due to winter severity, and for GMU 14C. Sim-
ilar differences and similarities were detected for Hb values.
PCV values obtained in 1981 were not significantly (P>0.05) dif-
ferent from those in 1980 nor those found in GMU 15C and GMU 14C.
All other PCV samples were significantly different (P<0.05) from
those obtained in GMU 13 in 1981. -

Blood and morphometic values from calves sampled in March 1981

(Table 9) were compared with calves sampled in another area of
Unit 13 during March 1979 (Table 10). The comparison suggests
that March 1981 calves were in better physiological condition and
perhaps larger than those sampled in March 1979. Winter 1978-79
was the second most severe winter recorded in the Nelchina Basin
in terms of total snowfall whereas winter 1980-81 was relatively
mild. Therefore, we would have anticipated that the calves sam-
pled in 1981 would be in better condition than those sampled in
1979. The apparent differences in size were not anticipated,
however, and could be related either to differences between areas
or perhaps differences in food availability related to snow con-
ditions. ‘

Previous studies of moose condition in 1975 and 1977 in GMU 13

had suggested that moose were in relatively good physical con-
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Table 9. Selected blood and morphometric values of calf moose captured in March and
May 1981 in the Susitna River Study Area of southcentral Alaska.

Moose Blood Values Morphometric Values
ID # HEb PCV Ca P TP (SMAC) TL cm CG cm HF cm
120669 18.0 43 10.3 4.7 6.0 205.5 154.0 69.0
120670 20.0 44 9.5 5.8 3.8 229.2 172.7 73.0
120674 229.9 175.3 73.7
120675 . 17.5 40 10.7 5.6 5.9 218.4 167.6 74.9
120676 20.0 50 11.2 5.8 6.6

120677 203.2

120678 16.5 33 10.4 5.9

120679 9.0 3.2 5.7

120681 17.0 43 10.7 7.2 6.3 209.0 72.0
120685 20.0 46 10.4 7.8 5.9 199.4 71.1
120686 19.7 47 10.5 4,2 5.9 223.5 152.4 69.8
120689 19.0 40 10.9 6.5 5.9 218.5 160.0 70.2
120690 20.0 46 11.3 7.0 6.4 208.0 162.6 65.0
120693 17.5 45 10.8 6.2 6.1 228.0 160.0 67.3
120696 10.0 5.3 5.2 223.0 - 75.0
x 18.65 43.36 10. 44 5.78 5.82 216.3 163.1 71.0
SD 1.38 4.52 0.64 1.31 0.70 10.83 8.26 3.15
n 11 11 13 12 13 12 8 11
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Table lb. Comparison of selected blood and morphometric values for calf moose sampled in two areas of Game Management
Unit 13 of southcentral Alaska during March 1979 and 1981.
Packed Neck ,
2 . Cell Total Total Chest Hind clrcumference Head
Hemoglobin Volume Protein length (cm) girth (cm) foot (cm) (cm) length ‘

Year n x SD. m x S8.D. n x S8.D.n x S.D. n C X 5.D. n x S8D. n x S.D. n x S.D.
1979 60 16.2 1.7 61 36.7 4.2 61 5.0 .7 48 207.1 9.9 40 138.9 11.7 57 73.8 3.2 38 59.2 4.4 48 54.6 2.6
1981 11 18.7 1.4 11 43.4 4.5 13 5.8 .7 12 216.3 10.8 8 163.1 8.3 11 71.0 3.2 6 65.1 4.1 9 55.6 2.5
test
of
sig-
nifi-
cance <0,001 <0.001 <0.001 <0.025 <0.001 <0.025 <.025 <0.05

P
I

‘ﬁ. ‘



dition compared to moose populations elsewhere suggesting at the
that time that deteriorating range conditions were not Yet a pro-
blem (Ballard and Taylor 1980). Recent blood data suggests that
the physical éondition of moose has deteriorated to some degree
since that time. It is generally accepted that good moose habi-
tat is closely linked with the fregquency of wild fire. Since
there have not been any sizable wildfires in GMU 13 for at least
30 to 35 years (op. cit.), a gradual deterioration in habitat
guality could be anticipated. However, even though the gquality
or condition of moose habitat may be gradually deteriorating,
available evidence suggests that the population is not yet at

carrying capacity.

Wolf and Cowling (1981) reported an average moose browsing in-
tensity of 65 percent in nearby Mount McKinley National Park.
Browsing intensity ranged from 35 to 86 percent. Although no
formal browsing studies have been conducted in GMU 13 casual ob-
servations along the Susitna River and elsewhere in the unit sug-
gest that the intensity may be similar to that in the Park. How-
ever, even at the heavy level of browsing, the McKinley moose
herd does not appear to be limited by range conditions but in-
stead appears to be limited by predation (op. cit.). They spe-
culéted that the McKinley herd could increase an additional 10-15
percent before reaching carrying capacity. We suggest that moose
in GMU 13 are also below range carrying capacity as evidenced by
moose population increases following reductions in predator den-

sities.

Studies of moose calf mortality in the upper Susitna River Basin
above the Denali Highway had suggested that predation by bears
was responsible for 79 percent of the early calf losses (Ballard
et al 198l). A bear reduction program reduced early neonatal
losses from an estimated 55 percent to an estimated 9 percent.
(Ballard et al. in press). If the available moose range was at
carrying capacity, we would have expected a significant number of
calves to have died from starvation during the first winter fol=-

lowing the bear reduction program. Such was not the case, as
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first and 2nd year winter mortality was only 6 and 4 percent,
respectively (op. cit.). We infer from this high rate of sur-
vival that the population is not limited, at least on a short
term basis, by range conditions. The bear reduction program
alone may have allowed the population to increase by as much as
19 percent. In summary then it appears that although blood data
suggest that range quality in the Susitna study area has deterio-
rated to an undetermined degree, other evidence suggests that the

range could support a larger number of moose.
Movements

Between October 1976 and mid-August 1981, over 2700 locations
were obtained on 207 moose of both sexes and all age. classes for
movement and mortality studies in the Susitna and Nelchina River
Basins. Only seventy-five of these were captured specifically
for Susitna Hydroelectric studies during 1980 and 1981, but many
of the other moose provided pertinent information. An average of
13.1 and 11.0 radio locations per moose were obtained in 1980 and

1981, respectivély, for the 75 moose.

Seasonal movements and general areas occupied by individual

radio-collared moose by month of observation from October 1976

through mid-August 1981 are presented in Appendix A. Location
and degree of oVerlap,of radio~collared moose home ranges are
depicted in Figs. 9 and 10. The radio-collared moose exhibited
all of the types of movements deséribed by LeResche (1974) for
moose in North America. For purposes of this report, however,
they could basically be divided into two groups: sedentary and
migratory. A sedentary moose is defined as one which hasfcoh-
fined its movements to a relatively small area and where portions
of the summer and winter range overlap. A migratory moose on the
other hand is defined as one with a relatively large home range
with nonoverlapping summer and winter home ranges. The latter
type of moose often moves from 16 to 93 km between seasonal home

ranges. Both movement types‘bften involve seasonal changes in

elevation.
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Figure 10. QGoneral location of selected home ranges of radlo- ~collared moose studied for Susitna Hydroelectric studles
from October 1976 through mid-August 1881 In the upper Susitna River Basin of Southcentral Alaska.
(scale: 1 cm=56000 meters)



In earlier moose movement studies (Ballard and Taylor 1980;
Ballard et al. 1981) it was suggested that most of the migratory
moose were distributed from Jay Creek and eastward. Additional
information collected in 1981 suggest that a large number of mi-

gratory moose occur in the Watana Creek area as well.

Movement patterns of most moose examined from 1976 through 1981
appeared to approximate the drainage pattern of creeks and trib-
utaries of the main stem rivers. Consequently, most movements in
the upper Susitna involve a north-south movement pattern. Gen-

eral movement and migration patterns are depicted in Fig. 11.

Elevation, slope and aspect usage by moose

Average monthly elevations at which radio-collared moose were
located from October 1976 through mid-August 1981 are summarized
in Table 11. Generally, moose occupied relatively low elevations
(¥=2577 ft. for April, and 2641 ft. for May) during late spring
and early summer. As summer progressed, moose dgenerally moved to
higher elevations with the highest average elevation occurring in
December (X=2955 ft.). Statistical comparisons suggest that many
of the average monthly wvalues were quite similar but there were

significant differences (P<0.10) between winter and summer ele-

vations. 1In earlier studies of moose movements in Unit 13 both
Van Ballenberghe (1978) and Ballard and Taylor (1980) described
the altitudinal movements of moose as follows: "during summer

these moose occupied areas at about 2500-3000 ft (762-914m)} ele=-
vation, and during winter habitat types at the 1800-2200 ft
(548-671m) elevation were utilized." The analyses provided in
Table 11 do not fit this pattern. Summer elevational use appears
to be quite similar but winter elevational use during this study
. was not. Mean monthly elevations from December through March
ranged from 2685 ft through 2954 ft which were considerably
higher than the 1800-2200 ft. elevations reported earlier. Al-
though portions of the data used for this analysis were derived
from the earlier movement studies reported by Ballard and Taylor
(1980) over half of the locations were obtained during 1980 and
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Figure 11. General movement and migration patterns of radio-collared moose in relation to proposed

impoundments from October 1976 through mid-August 1981 in the Nelchina and upper Susitna
River Basins of southcentral Alaska. '
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Table 11. Summary of elevational use by approximately 200 radio-collared moose (both sexes and all age classes) from

October 1976 through mid-August 1981 in the upper Susitna and Nelchina River Basins of southcentral Alaska.

Tests of
signifi- ’
cance 1/
(P<0.10)
Month Jan. Feb. Mar, April May June July Aug, Sept. Oct, NBV. Dec. Total
Mean
elevation 2800 2736 2686 2577 2641 2690 2755 2790 2745 2997 2953 2955 2749
Standard
deviation 461.8 468.0 442.4 461.9 449.0 426.6 531.2 509.6 451.8 488.6 480.4 475.7
Sample
size 66 98 285 204 341 424 - 218 174 130 193 168 116 2417
Range of v
elevations
Min. 1800 1400 1700 1500 1400 1300 - 1800 1800 1400 1450 1600
Max., 3900 3900 4600 4100 3800 4400 4200 4800 4000 4200 4400 4600
1/ Values which are underlined were not significantly different (P<0.10) (from Scheffe).
3 3 i i 3 } 3 } A - B 2 3
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1981. From October 1976 through mid-August 1981 winter severity
in terms of total snow depths was relatively mild for the winters
of 1976-77, 1977-78, 1979-80 and 1980-8l1. Only the winter of
1978-79 was cdnsidered sevére (Eide and Ballard in press). Be-

cause funding was not available to adequately monitor Susitna

‘moose during winter 1978-79 only a few radio-locations were ob-

tained. Therefore, the data summary primarily represents the
altitudinal movements of moose during relatively mild winters.

We suspect that high winds and température inversions reduced
snow depths at higher elevations making winter food more avail-
able at higher rather than at lower elevations. Consequently,
moose were not forced to concentrate on lower winter range as
they would when upland snow depths become excessive. Therefore,
moose movement arid concentration patterns exhibited during this
study only reflect those of mild winters and thus the use and
importance of areas to be inundated by the project are probably

not adequately addressed from the data available.

The slope of the general area occupied by' each radio-collared
moose was classified from topographic maps. Slopes wefe clas-
sified into four broad categories: flat - 0 to 10°; gentle - 11
to 30°, moderate - 31 to 60°, and steep - 61 to 90°. During both
summer and winter, which for this analysis are defined as May
through August and November through April, respectively, both

flat and gentle slopes accounted for 91 percent of the usage.

Moderate and steep slopes accounted for only 9 percent of the

total observations.

General aspect of each radio-collared moose observation were also
classified from topographic maps. Aspect was classified into 10
categories, eight of which comprised the axes of the compass.
The remaining two classifications were flat and gully. A summary
of all observations is presented in Table 12. Gross examination
suggests that no single aspect was strongly selected by moose.
However, overall, flat, gully and southerly exposures comprised
54 percent of the observations during winter while during summer
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Table 12.

Summary of aspect usage by radio-collared moose of both
sexes and all age classes as determined from topographic

maps from October 1976 through mid-August 1981 in the
Nelchina and upper Susitna River Basins of southcentral

Alaska.
Winter Summer

Aspect f % # % Total %
Flat 190 16. 212 13. 402 14.

Gully 56 4, 98 6. 154 5.6
North 119 10.5 214 13. 333 12.

Northeast 97 8.6 122 7. 219 8.0
East 121 10.7 170 10. 291 10.6
Southeast 126 11. 174 10. 300 10.9
South 151 13.3 174 10. 325 11.9
Southwest 88 7.8 113 7. 201 7.3
West 90 7.9 129 8. 219 8.0
Northwest 97 8.6 201 12. 298 10.9
Totals 1135 100.0 1607 99. 2742 100.0
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they comprised 48 percent of the observations. There also ap-
peared to be a slight increase in the use of northern exposures
during summer (28 percent in winter versus 33 percent in summer).
However, these analyses have not been statistically tested and
should only be considered tentative. Because not all moose were
located at the same frequency throughout the year a more in depth
analysis of individual moose in relation to the impoundments is

necessary.

Habitat Usage

Table 13 summarizes habitat use of radio-collared moose as ob-
served from fixed-wing aircraft from October 1976 through mid-
August 198l1.. Year-round, spruce habitats comprised the most fre-
quently used habitats with sparce and medium density, medium
height black spruce comprising 35 percent of the total observa-
tions. This was not particularly surprising since the classifi-
cation system was based on overstory vegetation and the "spruce-
moose" association is well recognized. However, for the Basin in
general conifer fofeSts cover only 19 percent of the area (Univ.
of Alaska, Palmer Agricultural'Experiment Stat. 1981). Shrubland,
however,'comprised 40 percent of the area {op. cit.). The two
types combined comprise 59 percent of the total area in the Basin
but receive over 90 percent year~-round use by moose according to

aerial classification.

Vegetation studies (Univ. of Alaska, Palmer Ag. Exp. Sta., 1981)
also suggested that spruce and more specifically black spruce
stands received heavy usage by moose. For example, they sug-
gested that "among black spruce stands, those occupying signi-
ficant slopes (8-10°) appeared to be more productive of browse
species, and in fact, had noticeably greater use by moose. ™ They
also suggested that browse production was lower in these stands
relative to other vegetation, but that they had received heavy
use, suggesting that such stands may be important for cover
during severe winters. Observations of radio-collared moose

during relatively mild weather suggested that spruce habitat

61



9

Table 13. Monthly use of habitat types by radio-collared moose of both sexes and all ages as determined from fixed-wing aircraft from 1977 through
mid-August 1981 in the Nelchina and upper Susitna River Basins.

Vegetation Jan. Feb. Mar. Apr. Ma June July Aug. Sept. Oct., Nov. Dec. Total
Classification # % ¥ x [] 3 [] z 7 4 [ 2 1 ¥ % ¥ x [) H []

Birch 0 0 0 0 0 0 0 0 .2 7 1 .3 1 .6 1] 0 0 0 0 0 0 0 0 o 4 .2

unidentified

hardwood 0 0 - 0 0 0 0 - 0 0 0 0 1 .3 0 0 (1] 0 0 0 0 0 1 1.1 1 1.1 3 .2
dense medium

height bl,

spruce 2 4.8 2 3.3 0 (1] 8 6.7 12 4.4 21 6.8 10 5.9 10 7.4 9 7.8 4 3.0 2 2.2 1 1.1 81 4.6

dense medium
height white : -
spruce 0 Q 0 0 0 0 3 2.5 2 .7 0 0 0 0 [} 1 .9 2 1.5 l1 1.1 0 o 9 .5

dense short
bl. spruce 2 4.8 1 1.7 1 5 2 1.7 6 2.2 5 1.6 0 0 1 .7 5 4.3 1 W7 2 2.2 1 Li 27 1.5

denge tall
bl. spruce 0 0 0 0 1 -1 1 .8 0 0 0 0 4 2,4 0 0 0 0 0 0 0o o0 1 1.1 7 b

dense tall
white spruce 1 2.4 6 10.0 7 3.4 4 3.4 9 3.3 8 2.6 2 1.2 o o 2 1.7 2 1.5 2 2.2 4 4,3 47 2.7

Alder 0 0 0 0 0 0 (1] (1] 0. 0 0 0 2 1.2 2 1.5 0 o 0 0 0 0 0 0 4 .2
dense medium

height bl. ’

spruce 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1.5 0 0 0 0 0 o 0 0 2 .1

medium dense -
medium height )
bl. spruce 4 9.5 17 28.3 57 27.8 38 31.9 84 31.0 59 19.1 36 21.3 23 16.2 27 23.3 18 13.3 13 4.1 17 18.3 393 22.5

medium dense - '
short spruce 6 14.3 2 3.3 21 10.2 7 5.9 15 5.5 29 9.4 9 5.3 11 8.1 8 6.9 2 1.5 2 2.2 2 2.2 114 6.5
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Table 13. (comnt.d).

I e R

Vegetation Jan.

Row

Classifi- [} 2
cation

Apr. May June July Aug. Sept. Oct. Nov, Dec. Total

gedium dense
tall spruce 0 0

medium dense
tall wh,
spruce 2 4.8

upland brush
and willow 14 33.3

sparse dense
medium
spruce 8 19.0

sparse short
spruce 2 4.8

sparse tall
spruce 1 2.4

sparse tall
white spruce 0 0

Column
total 42 2.4

2.4

16.6

28.3

6.3

2.9

11.7

9 7.6 14 15,2 i8 5.8 4 2.4 11 8.1 7 6.0 10 7.4 "3 3.3 & 4.3 92 5.3

12 10.1 44 16.2 72 23.3 53 31.4 32 23.5 29 25.0 58 43.0 35 38.0 40 43.0 441 25.2

24 20.2 56 20,7 57 18.4 21 12.4 17 12.5 14 12.1 24 17.8 19 20.7 11 11.8 315 18.0
3 2.5 Ll 5.2 22 7.1 17 10.1 6 4.4 9 7.8 2 1.5 7 7.6 8 8.6 104 6.0
0 0 4 1.5 0 0 5 3.0 4 2.9 1 .9 0 0 2 2.2 0 0 18 1.0
5 4.2 6 2.2 14 4.5 0 0 13 9.6 4 3.4 12 8.9 3 3.3 2 2.2 67 3.8

119 6.8 271 15.5 309 17.7 167 9.7 136 7.8 116 6.6 135 7.7 92 5.393 5.3 1747 100.0

i



types were used heavily and that 48 percent of all observations

occurred on slopes from 1 to 10°.

Use of upland‘brush-willow habitat types corresponded with ob-

served elevational movements of moose. Use of this habitat type
was at its lowest during the month of April when moose were at
relatively low elevations just prior to calving. Use gradually
increased through summer reaching a plateau of 43 percent in
October and remaining at a relatively high use percentage through
February. As mentioned earlier we suspected the use of rela-
tively high elevations from late fall through winter was the re-
sult of mild winters which allowed these habitat types to be
available.

During éalving in May, sparse and medium dense, medium height
spruce habitats were utilized by moose. We suspect these lower
elevational types are selected by cow moose because of both es-
cape cover and earlier green up of foliage. Several habitat
types such as birch, alder, and several spruce types did not ap-
pear to be selected by moose (Table 14) according to aerial ob-
servation. However, ground observers (U. of Ak., Pal. Exp. Sta.
1981) suggested that both birch and alder stands appeared to re-
ceive at least some use and some stands were heavily used by

moose.

Plans were developed to overlap existing radio-location data over
the 1:63,360 scale vegetation maps provided by the Palmer Agri-
cultural Experiment Station. This approach was to be investi-
gated on an experimental basis (Miller and Anctil 1981). At the
time this report was prepared data forms were being keypunched
and therefore the analysis was not available. Even when the
analysis is complete, however, it may do little to explain moose
usage of the described habitat t.ypes.=

Some of the potential problems envisioned with this approach have

already been described (Miller and Anctil 1981). One major pro-=-

blem is that of utilizing overstory vegetation to classify habi-
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Table 14. Summary of Susitna River Crossings and calf production and mortality of 75 radio-collared moose studied from 11 April 1980 through
December 1981 in the Upper Susitna River Basin of Southcentral Alaska,

# occasions Date 1st : Dates when
Moose Sex~ # times croased Sus- Dates of River observed - # calves calves last * # Calves # Calves
[ ] Age _located itna River Crossings with calves . observed observed losat surviving
1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 - Misc. Notes
120617 F-A 20 14 0 0 - ~- 0 5/29 0 2 - 5/29 - 1 - 1
120618 F-A 13 3 0 0 - - 0 5/29 0 1 - 5/29 . - 1 - 0 Dead 7/1/81
Bear pred.
120619 F-A 16 14 1 5 5/13-6/4 5/10-6/1 0 6/1 0 1 - /1 - 1 - 0
6/1-1/1 i
10/2-10/27
10/27-11/18
11/18-12/9
120620 F-A 2 - - - - — - - - - - - - - - - Dead 4/22/80
120621 F-A 1 - - - - - - - - - — - - - - - Lost collar
120622 P-A 18 13 0 0 - - 0 (1] 0 0 - - - - - -
120623 F-A 10 4 0 0 - - 0 <10/T 0 1 -— - - 0 - 1
120624 F-A 14 11 0 4 - 9/9-9/16 5/25 5/29 1 1 6/26 1 /1 1] 1]
9/16-10/5
10/5-10/28
10/28-11/17
120625 ¥-A 6 - 0o - - - - - - - —- - - - - - Dead 6/26/80
poss. bear pred.
120626 M-A 13 8 [V} 2 —_— 71/22-8/17 - - - - - - - - - - Killed '81
8/17-9/10 i hunting eeason
120627 M-A 12 - 3 - " 4]22-5]14 — - - - - - - - - - - Killed '81
6/26~7/10 hunting season
7/28-8/1 ~
120628 F-A 16 13 0 1 - 11/18-12/4 5/22 0 2 0 5/22 - 2 - o -

120629 F-A 15 13 0o o — — 5/31 0 2 0 531 _— 2 - 0 -



Table 14, (Cont.d).

# occasions Date lst Dates when
Moose Sex- # times crossed Sus- Dates of River observed # calves calves last # Calves # Calves
¥ Age located itna River Crogsings with calves observed observed lost surviving
1980 1981 1980 19381 1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 Misc. Notes
120630l F-A 13 16 0 0 - —— 6/10 0 2 0 6/10 - 1 - 1 -
120631 F-A 14 11 [1] 0 —— - 0 0 0 0 - —-—— - - - -
120632 F-A 12 - 0 - —— —_— - - - - - - - - - - Lost collar
' 1/14-8/12/80
120633 F-o 3 -~ 0 - - - - - - - - - - - - - Lost collar
4/22-5/13/80
120634 F-A 15 12 o o - - 5/31 5/29 1 2 5/31  5/29 1 1 0 1
120635 F~A 16 14 1 2 4/22-5/31  9/9-9/17 5/31 5/29 2 2 5/31 5/29 2 2 0 0
9/17-10/2 :
120636 F-A 14 12 (1] 0 - - - 5726 - 1 - 5/26 - 1 - 0
1206372 F-A 16 13 0 0 - - 5/31 0 2 0 6/26 - 1 - 1 -
120638 F-A 13 7 0 0 - - 0 <//1 0 1 - mn - 1 - 0 Both cow—calf
) killed by bear
120639 F-A 18 10 0 0 - - <7/14 0 1 ()} 1/14 — 1 - 0 -
12060 =-¢ 13 13 0 o - - 6/2  <aih 1 1 - —- 0 o 1 1
12064[4 F-A 17 15 0 0 — - 5/31 6/1 2. 1 6/26 6/1 1 1 1 0
120642 M-A 14 12 0 0 - - - - - - - - - - - -
120643 F-A 18 11 0 0 - - -— 5/29 - 1 -- 5/29 - 1 - 0
120644 F-A 14 13 0 0 - - 6/2 0 2 0 6/2 —-— 2 - 0 -
120645 F-A 14 13 0 0 - - 5/25 5/22 2 1 6/6 5/22 2 1 0 0
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Table 14. (Cont.d).
# occasions Date 1lst Dates when
Moose Sex- # times crossed Sus~ Dates of River observed # calves calves last # Calves # Calves
# Age _located itna River Crossings with calves observed obeerved lost survivin
1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 Misc. Notes

120646 F-A 3 -—- 0 = - - _— - - - - - - - - - dead 5/80 from
collaxing or
wolf pred.

120647 F-Ao 18 14 2 2 5/25-5/27 7/22-8/4 - 5/26 - 2 - 5/26 - 1 - 1
5/27-5/31 8/4-9/9

120648 F-A 14 14 0 0 - - 6/21 5/26 1 | 1 5/26 0 1 1 0

120649 F-A 14 15 0 0 - - 5/25 - 1 - 5/25 - 1 - 0 -

120650 F-A 16 16 0 0 - - 5/21 - 1 - - - - - 1 -

120651 F-A 13 1 0 0 - - - - - - - - - - - - Dead 1/9/81
wolf pred.

120652 F-A 16 14 0 0 - - 6/2 - 2 - 6/2 - 2 - 0 -

120653 F-A 14 14 0 0 - - 5/21 - 2 - 5/21 - 2 - 0 -

120654 F-A 14 12 0 0 - —— - - - - - - - - - -

120655 F-A 14 12 0 2 -- 9/8-9/16 - -- - - - - - - - -

9/16-10/28

120656 F-A 16 2 0 0 - -— 6/217 - 2 - 6/21 - 1 - 1 -

120662 F-A 10 11 0 0 — - - 7/28-9/9 - 1 - - - 0 - 1

120663 F-A 10 12 0 0 - — - 6/27-7/28 - 1 - - - 0 - 1

120664 F-A 11 1 0 0 - - - -— - - - - - - - -

120666 F-A 10 0 - —— - - - - - 1 - -

120667 M-A 12 0 - -— —-— - - - - - - -

120668 F-a 13 0 - - - - - - - - -




Table 14. (Cont.d).

# occasions Date lst ’ Dates when
Moose Sex- # times crossed Sus- Dates of River observed # calves calves last # Calves # Calves
# Age _located itna River Crossings with calves observed ocbserved lost surviving
1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 Misc, Notes
1206696 ¥F-C 12 o - - - - - - Killed by
) wolves 12/6/81
120670C F-C 4 0 -_— - - - - - lost radio
contact 5/22
1206717 F-A v 11 1] —— —— - - - 1 -
1206727 M-C 11 0 — - - - - -
120673% #-a 3 0 - - - - - - lost collar
1206743 m-c 12 0 - _ - - - _
120675° M-C 13 "o - — - - - ' -
120676 w-c 13 2 9/16-10/1 - - - - -
2 10/1-10/27
120677° M-C 13 2 B/4-9/10 — - - - -
3 9/10-10/1 :
120678 F-C 13 0 —_— —— - - - -
1206794 F-C 14 0 -— - - - - -
120680lo F-Y 11 (1] —_ - - - - -
120681'! F-c 5 0 - - - - - -
120682 M-A 6 0 - - - - - -
1206832 F-a 13 2 4/15-5/26 <6/24 1 - - 1 1
13 5/26-6/24
120684 ~ F-A 13 (i} - -— - - - 1 -
1206851 p-c 10 0 - - - - - - :
120686 F-c 12 2 7/22-9/9 - - - - -
9/21-10/1
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Table 14. (Cont.d).
# occaaions Date lst Dates when
Moose Sex- # times crosgsed Sus- Dates of River observed # calves calves last # calves # Calves
# Age located itna River Crossings with calves observed observed lost survivin
1980 1981 1980 1981 1980 1981 1980 ° 1981 1980 1981 1980 1981 1980 1981 1980 1981 Misc, Notes
16
120687 F-A 11 0 - 5/26 1 - 0 1.
120688 F~-A 12 0 - - - - - -
1206896 p-c 11 0 - — - - - -
120690la M~C 11 0 — - - - - -
120691 1% F-a 12 0 - — - - - -
1206921 p-c 11 0 - 6/24 1 - 0 1
1206932 p-¢ 12 3 4/15-5/26 - - - - -
- 5/26~6/24
10/1-10/27
12069410 F-a 13 0 - -- - - - 1 -
1206957 F-a 9 3 7/18-7/28 - - - - 1 -
7/28-9/9
9/17-10/2
1026967 u-c 9 1 7/18-1/22 - - - - -
102697 F-A 11 0 - - - - - -




tat when understory is often_irgqgcia”:i:r_npio_x:tgnrtﬁto moose. The upper
Susitna and Nelchina Basins contain approximately 24 species of
willow (S8alix sp.). Of this total several appear to be selected
by moose whilé others are avoided. It is often impossible to
identify willow on photographs or from aircraft, let alone to
separate different species of willow. It is likely that the dis-~
tribution of these species of willow selected by moose strongly
influences seasonal distribution of moose and is important in
determining the importance of a particular area of habitat to the
moose population. Therefore, the available vegetation maps prob-
ably do not reflect the quality of each area as moose habitat,
except in a wvery gross, indirect way. This is not a serious
problem for areas where concentrations of moose have been obser-
ved. We can infer that these are important. However, it is a
problem where only low or moderate moose densities have been ob-
served. Such areas may be high quality moose habitat that might
become important under different environmental conditions, such
as deeper snow, or at higher moose populations levels. There-
fore, the Phase I studies appear inadequate for gquantifying the
effects of loss of specific habitats on the ability of the area
to support moose. They even may not allow a relative ranking of

the quality of all habitats for moose.

River Crossings

Between October 1976 and December 1981 33 radio-collared moose
crossed the Susitna River a minimum of 73 occasions. General
locations of these crossings are depicted in Figure 12. ©f the
75 moose captured in 1980 and 1981, 15 crossed the river in the
area of the proposed impoundments a minimum of 40 occasions
(Table 14).

Of the 40 river crossings by radio-collared moose during 1980 and
1981, all occurred during the months of May through November.
Distribution of the crossings was as follows: May - 20.0%, June
- 7.5%, July - 12.5%, August - 12.5%, September - 25%, October =
12.5%, and November - 10%. These observations generally corres-
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pond with the altitudinal movement patterns presented earlier.

On 24 March 1981 the Susitna River was surveyed for evidence of
moose river crossings from the mouth of Portage Creek to the
mouth of the Tyone River. A total of 73 sets of moose tracks
were observed crossing the river. Fifty-six of these were ob-
served on the Susitna River between Goose Creek and the Tyone
River. Ten sets were observed between Jay and Kosina Creeks
while 4 and 3 sets were observed in the vicinity of the mouth of
Watana and Tsusena Creeks, respectively. Based upon locations of
radio~collared moose and track sightings combined, river cros-
sings of the Susitna River appear to occur throughout the pro-
posed impoundment area, but are relatively concentrated in the
following areas: mouth of Fog Creek to the area opposite Stephan
Lake, from the mouth of Deadman Creek upstream for approximately
5 miles, Watana to Jay Creek, and from Goose Creek to Clearwater
Creek.

Breeding Concentrations

Breeding concentrations of moose were determined by plotting the
locations of all radio-collared cow moose between 20 September
through 20 October 1977 through 1980 (Fig. 13). Most moose of
both sexes occupied upland sites away from the proposed impound-
ment areas. Concentrations occurred in the following areas: Coal
Creek to the big bend in the Susitna River, Clarence Lake, up-
lands between Watana and Jay Creeks, Stephan Lake to Fog Creek,
and the uplands above the mouth of Tsusena Creek. Other concen-
tration areas away from the proposed impoundments include north-
western Alphabet hills, the Maclaren River, and the area above
the mouth of Valdez Creek.

Calving Areas

From 1977 through 1981 moose parturition generally occurred from
15 May through 15 June with a peak occurring between 25 May and 2
June. In 1981 at least two cases of late parturition were ob-
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Figure 13. l.oé.ntlons of radio-collared moose durlng the rut (20 September-20 October) from 1977
through fall 1980 in the Nelchina and upper Susitna River Basins of Southcentral Alnska
(scale: 1 cm=12800 motorl)



served, one calf born after 28 July and another born between 24
June and 28 July. To determine if calving concentration areas
occurred in or adjacent to the impoundment areas, all obserwva-
tions of radio-collared cow moose between 15 May and 15 June,
1977 through 1981 were plotted (Fig. 14). Although this method
includes some cows which were not observed with calves, we be-
lieve it provides an approximation of areas where cows gave
birth. Many cows that gave birth would not be observed with
calves because of high calf mortality immediately following birth
(Ballard and Taylor 1980; Ballard et al. 1981). Although moose
parturition was widespread, several concentrations were evident.
They include Coal Creek and its tributaries, along and near the
Susitna River from the mouth of Tyone River downstream to a point
several miles downstream from Clarence Lake Creek, Jay Creek to
Watana Creek, mouths of Deadman and Tsusena Creek, Fog Creek to
Stephan Lake, and opposite Fog Creek to Devil Creek. Both upland
brush and open spruce appeared to be important habitat types.

Winter Distribution and Numbers of Moose in Relation to Impound-

ments

A moose winter distribution survey was conducted from 4 through
25 March 1980 in portions of the Susitna River Basin containing
subpopulations of moose which could be influenced by the proposed
project. One thousand eighty-six moose were counted in 26.1
hours of survey effort. Undoubtedly not all moose in the area
were observed during this cursory survey. General distribution
of observed moose is depicted in Fig. 15. Approximately 60 moose
(6%) were observed at elevations which would be inundated at nor-
mal pool level. Only two moose were observed in Devil Canyon
pool area while the remainder were in the Watana impoundment with
38 (66%) concentrated at Watana Creek. Although relatively few
moose were observed along the Susitna River bottomlands, large
concentrations of tracks indicated that moose had utilized these
areas earlier in the winter. Additionally heavy cover in these
low areas decreased the liklihood of observing moose which were

present. Large track concentrations were observed at the mouths
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of Watana Lake, Watana Creek,_Javayeekran¢ the Oshetna River.

Tracks and subjective observations suggested that most moose had
moved from the lowland areas which were covered by relatively
deep snow to'higher windswept elevations where snow cover was

nearly absent.

The distribution of winter (Jan., Feb. and Mar.) observations of
all radio-collared from October 1976 through mid-August 1981 is
depicted in Fig. 16 while the distribution of summer sightings

~ (June, July and Aug.) is depicted in Fig. 17. Comparison of the

two distributions suggests that during both seasons moose gener-
ally occupied the same rangés although they were more concen-
trated during winter. As mentioned earlier, moose usage of most
summer habitats during winter was probably attributed to a
greater availability of moose browse due to relatively shallow
snow depths. Most of these data were collected during winters
1976-77, 1977-78, and 1980-81, all mild winters in terms of total
snow depths.

On 26 and 28 March, 1981, the Devil Canyon and Watana impoundment

areas were intensively censused in an attempt to assess the num~
ber of moose to be displaced by the reservoirs. The Devil
Canyon impoundment (55.6 mi?) was counted at a survey intensity
of 3.4 min/mi? and 28 moose (0.50 moose/mi?) were observed. A
portion (30.6%) of the lower impoundment area was then sampled at
an‘intensity of 8.7 min/mi?) to obtain a sightability correction
factor. From the intensive census, it was estimated that 94% of
the moose had been counted yielding a correction factor of 1.06.
Thus, the corrected population estimate for Devil Canyon impound-

ment was 30 moose (0.54 moose/mi?).

The Watana impoundment (72.4 mi?) was censused at 3.86 min./mi?
and 42 moose (0.58 moose/mi?) were counted. The intensive flight
was conducted at 10 min./mi within 33.1% of the total impoundment
area. However, the estimated correction factor (0.71) obtained
was lower than 1.0 rendering it useless for calculating a more
accurate population estimate. The area, which had randomly been
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Figure 16. Dlstribution of winter (January, February and March) observations of radlo-collared moose
from 1977 through 1881 in the Nelchina and uppar Susitna River Basins of Southcentral Alsska.
(scale: 1 cm=125600 maters)
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chosen for intensive sampling was classified by stratification
flights on a low density moose area while 44% of the Watana im~
poundment supported medium to high densities of moose. Therefore
the estimate of 42 moose within the Watana impoundment area was
not adjusted. The low numbers of moose occupying the two im~-
poundments was not surprising since radio-locations suggested
most moose were located away from them during this relatively

mild winter.

Fall Distribution

The general distribution of moose in November 1980 was reflected
in stratification surveys conducted as part of a census. Both
CA's 7 and 14 were stratified from fixed-wing aircraft from 2
through 4 November 1980C. The Devil Canyon area was stratified on
29 November and count area & on 9 November 1980 using the same

criteria which we had used in the Watana area.

Moose denéities were stratified as high, medium and low based
‘upon relative differences in moose tracks, numbers of moose ob-
served and homogenity of habitat types. Boundaries of each
sample area were based on prominent geographic features which
could be identified from fixed-wing aircraft. Figure 18 depicts
the relative densities and gross distribution of moose during
November 1980. Distribution patterns exhibited by radio-collared
moose were similar to those derived from the survey; generally
moose densities were greater in upland areas located away from
the proposed impoundment areas west of Jéy Creek but were greater
closer to the Watana impoundment east of Jay and Kosina Creeks
due to the close proximity of upland areas. The exception to
this generality was the relatively high density of moose just
south of Devils Creek.

Fall Sex and Age Composition

During October and November in both 1980 and 1981 moose sex and

age composition counts were conducted in count areas 6, and 7

80
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'Figure 18.Relative densities of moose as determined
from stratification and census flights
made on 2 throﬁgh 4, 8 and 29 November 1980
_ in the Susitna River hydroelectric Project
t study area of southcentral Alaska. |
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(Fig. 5). Count area 14 W§S_7]i19_ti_»covl}1:1t_§d in 1981. The areas
counted corresponded to count areas which have been surveyed
annually since 1955. Sex and age composition count data and the
resulting rati:os for the period 1955 through 1981 are summarized

in Tables 15 through 17.

History of the Game Management Unit 13 moose population has been
described by Rausch (1969), Bishop and Rausch (1975), McIlroy
(1974) and Ballard and Taylor (1980). Briefly the GMU 13 popu-
lations was increasing in the 1950's and peakéd about 1960.
After the severe winter of 1961-62, the population began declin-
ing and continued to decline with severe winters occurring in
1965-656, 1970-71, 1971-72, and 1978-79. Fall calf-cow ratios in
addition to nearly all other ratios declined sharply and reached
a record low for the basin in 1975. Although the decline was
attributed to a wvariety of factors, predation by wolves was sus-
pected of preventing the moose population from recovering during
mild winters. Sex and age composition data for QA'S 7 and 14
basically have exhibited the same patterns described for the
unit. Although only one composition count has been conducted in
the Devil Canyon area during this time period, it appears likely
that this area has also followed the same general pattern. Be-
ginning in 1975 predator densities were experimentally reduced
north of the Susitna and Maclaren Rivers and therefore, some of
the moose ratios in Tables 15 through 17 may reflect changes in
predator densities.. However, these changes were not considered
significant except in 19’79 when calf:100 cow ratios were in-
creased in the northern portions of CA 7 due to reductions in
brown bear density (Ballard and Spraker 1979; Ballard et al.
1980; Ballard et al. 1981). Since 1975 the moose population ap-
pears to have increased slightly or remained stable even though
calf survival has remained relatively low.

Sex and age composition data derived from stratification surveys,

sex-age composition counts, and the random stratified census in

fall 1980 varied among the different types of surveys (Table 18).
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Table 15. Summary of moose sex and age composition data collected annually each fall
since 1955 in count area 6 north of the Maclaren River in Game Management
Unit 13 of southcentral Alaska.

Incidence
Tot. ¥ Sm. M Sm. M Sm. M Sm. M Calves of Twins Calf Animals
Per Per Per 100 %4 in  Per 100 Per Per 100F 7% in Per Total

Date 100- F 100 F Lg M Herd M Calves 100 F w/calf Herd Hour Sample
1955% 84.1 26.1 45.1 11.0 121.0 43.2 5.6 19.0 - 400
1956% 61.6  14.6 31.0 7.7 103.8 28.1 0.0 14.8 50 351
1957%* 43.3 6.4 17.3 3.5 33.3 38.3 10.2 21.1 128 256
1958% 44.9 11.8 35.7 6.4 58.6 40,2 6.9 21.7 114 957
1959 NO DATA

1960* 57.2 18.7 48.4 9.0 80.5 46.4 4.0 22.4 104 343
1961 70.1 27.3 63.8 12.5 112.8 48.4 16.0 22.2 78 424
1962 44,2 - - - - 28.3 4.6 16.4 101 414
1963%* 35.6 11.9 50.0 6.5 51.0 46.6 7.4 25.6 160 798
1964% 33.3 5.6 20.0 3.1 25.0 44,4 20.0 . 25.0 96 96
1965% 30.4 9.9 48.1 6.3 76.7 25.8 1.5 16.5 126 806
1966% 27.7 5.0 21.9 3.2 35.6 28.0 3.5 17.9 76 658
1967 29.7 5.4 22.1 3.4 37.4 28.8 0.8 18.1 86 681
1968 29.7 5.0 20.0 3.2 37.6 26.3 2.4 16.9 59 504
1969 35.7 13.6 61.2 7.8 8l.1 33.5 2.8 19.3 46 384
1970 26.6 8.7 48.7 6.2 122.6 14.2 6.9 10.1 26 308
1971 30.0 4.2 16.7 2.8 37.0 22.8 3.9 14.9 39 362
1972 10.1 3.8 61.5 2.9 33.3 23.1 0.0 17.3 38 277
1973 . 20.7 7.3 54.8 5.2 77.3 19.0 2.3 13.6 20 324
1974 16.0 7.8 94.4 5.2 45.3 34.4 9.0 22.9 32 328
1975 17.6 7.8 80.0 5.7 84.2 18.5 5.6 13.6 31 279
1976 20.6 8.5 69.6 5.8 69.6 24,3 4.6 16.8 28 274
1977 16.7 5.6 50.0 3.7 32.9 33.8 13.2 22.4 46 352
1978 24,1 9.1 61.1 6.0 63.8 28.6 11.7 18.8 46 368
1979 14.6 3.0 25.9 2.2 23.7 25.3 9.3 18.1 39 326
1980 15.1 7.5 100.0 5.2 50.6 29.7 8.1 20.5 50 423
1981 26.5 15.9 - 9.6 82.3 38.6 5.1 23.4 53 530

Remarks: *Area boundary change - check maps
1969 Area #6
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Table 16.

since 1955 in count area 7 in Game Management Unit 13 of southcentral

Summary of moose sex and age composition data collected annually each fall

Alaska,
Incidence
Tot. M Sm. M Sm. M Sm. M Sm. M Calves of Twins Calf Animals
Per Per Per 100 % in Per 100 Per Per 100F % in Per Total
Date 100 F 100 F ILgM Herd M Calves 100 F w/calf Herd Hour Sample
1957 NO DATA
1958 NO DATA
1959 NO DATA
1960 NO DATA
1961 NO DATA
1962 NO DATA
1963% 47.7 6.2 14.8 3.3 32.0 38.5 0.0 20.7 151 121
1964% 39.7 10.7 37.1 6.3 68.4 31.4 2.8 18.4 65 207
1965% 59.8 13.7 29.6 7.8 168.4 16.2 0.0 9.2 65 412
1966 48.3 6.3 15.1 3.8 62.8 20.1 0.0 11.9 33 293
1967 41.0 7.0 20.7 4.4 68.3 20.6 2.5 12.8 77 642
1968 NO DATA
1969 N0 DATA
1970 34.7 8.9 34.4 5.0 42.2 42.1 8.6 23.6 43 864
1971 26.3 8.4 47.1 5.3 50.8 33.2 7.1 20.8 50 624
1972 20.6 2.7 15.1 2.0 31.0 17.5 3.7 12.6 53 665
1973 21.9 8.2 60.2 6.0 101.0 16.3 2.9 11.8 70 890
1974 12.6 4,2 50.0 3.0 29.6 28.3 6.3 20.1 48 672
1975 10.0 4.3 77.4 3.4 54.5 15.9 4.8 12.7 38 695
1976 12.3 4.3 54.9 3.2 40.3 . 21.6 7.1 16.1 46 865
1977 10.8 4.2 64.4 3.0 29.6 28.7 6.0 20.6 60 954
1978 14.8 8.0 117.3 5.9 79.2 20.2 4.1 15.0 65 1030
1979 8.8 2.4 36.6 1.8 20.3 23.3 5.8 17.7 60 838
1980 13.3 7.8 143.2 5.6 62.3 25.1 1,1 17.9 51 946
1981 14.2 5.0 3.4 31.7 31.6 21.7 49 1284
Remarks: *Area boundary change - check maps

1969 Area #7
Caution — early 1965 data used for 1964
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Table 17. Summary of moose sex and age composition data collected annually each fall
since 1955 in count area l4 in Game Management Unit 13 of southcentral Alaska.

Incidence
Tot. M Sm. M Sm. M Sm. M Sm. M Calves of Twins Calf Animals
Per Per Per 100 % in Per 100 Per Per 100F 7 in Per Total
Date 100 F 100 F Lq M Herd M Calves 100 F w/calf Herd Hour Sample
1955% 105.6 29.6 38.9 10.5 80.8 73.2 10.6 26.0 - 200
1956 NO DATA
1957 72.5 11.7 19.2 5.2 46.5 50.3 4.9 22.6 127 381
1958%* 86.8 11.2 14.8 5.0 60.3 37.0 7.4 16.6 98 441
1959 NO DATA
1960* . 71.7 20.0 38.7 8.6 70.6 56.7 21.4 24.5 38 139
1961%* 62.0 26.7 75.6 12.2 95.8 55.7 7.6 25.6 173 555
1962 56.3 18.2 47.7 10.1 152.7 23.8 1.8 13.2 92 416
1963 NO DATA
1964 NO DATA
1965 28.6 10.8 60.6 7.2 100.0 21.6 0.0  14.4 79 278
1966% 20.0 9.0 82.4 5.9 53.8 33.5 0.0 21.8 63 238
1967 39.0 6.8 21.2 3.9 40.0 34.1 2.9 19.7 118 355
1968#* 9.4 4.0 75.0 2.8 22.2 36.5 3.8 25.0 154 108
1969 17.5 6.2 55.2 4.0 31.1 40.1 2.0 25.4 54 405
1970 19.4 3.7 23.5 2.2 16.7 444 2.1 25.9 80 185
1971 27.1 8.4 44,7 5.7 81.0 20.7 5.0 14.0 37 300
1972 21.4 9.2 75.0 6.2 72.0 25.5 0.0 17.4 54 288
1973 22.0 7.1 47.7 5.1 82.4 17.3 2.0 12.4 56 411
1974 15.4 5.1 50.0 3.4 29.1 35.2 3.7 23.4 40 500
1975 9.9 4.3 78.6 3.3 40.0 21.7 1.9 16.5 65 333
1976 9.2 4.6 100.0 3.6 46.4 19.9 3.0 15.4 50 447
1077 NO DATA
1978 20.5 9.2 80.6 6.6 100.0  18.3 2.0 13.2 50 379
1979 NO DATA .
1980 13.7 9.6 235.7 7.4 117.9 16.2 3.8 12.5 51 447
1981 NO DATA
Remarks: *Area boundary change - check maps
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Table 18. Comparison of moose sex—age ratios and aggregations derived from three different types of surveys which
were conducted in the Susitna River Hydro Project Study Area during 1980.

Calves Incidence
Tot.M Sm. M Sm. M Sm. M Per Calves of Twins Calf Animals Area
Type of Per Per Per 100 % in 100+ Per per 100 F Z in Per Total Count Sampled Minutes/
Survey Date 100 F 100F 1IqM Herd 2 yr> 100 F w/calf Herd Hour Sample Time mi 2/ wmi 2/
Composition 11/1-3 13.4 8.4 168.6 6.2 25.3 23.1  10.9 16.9 51.4 1393 27.1 945.2 1.7
count
Census 11/5-8 13.1 8.0 157.7 5.5 35.0 32.2  11.7 22.1 27.5 742 27.0 365.7 4.4
Stratifica- 11/2-4 - - - - - - - - - 581 5.3 945.2 0.3
tion
Percent Percent of Percent of
_ of Obgerved Moose Percent of Moose Moose Comprised of Moose Comprised of
w x Moose/Group Comprised of Singles Comprised of Pairs Groups of Three Groups of Four or more
o
Composition 3.0 5.8 29.3 14,5 50.4
count
Census 2.4 8.0 43.4 14.8 33.8
Stratification 2.8 8.3 29.6 16.5 45.6




)

In particular, census data igd%c§t_gq'tpq qglf: 100 cow ratios gen-
erated from composition surveys are lower, while bull:cow ratios
are generally higher than observed during the census. This pat-

tern has been observed in other areas (Gasaway pers. comm. ).

Reasons for these discrepancies were due to intensity of the var-
ious surveys and the probabilities of observing different moose
groupings. For example, cow-calf pairs tend to be in smaller
groups in dense vegetation while bulls tend to be in larger
groups in more open habitat. As a result a high proportion of
bulls and a low proportion of cows with calves tend to be seen on
low intensity surveys such as composition counts. . Composition
data derived from intensive Surveys such as the census are more

likely to accurately reflect the true population composition.
. 1Y

Population Estimates

CA's 7 and 14 (Fig. 5) were intensively censused from 5 through
8 November 1980. A total of 743 moose were censused within 26
sample areas comprising 366 mi?. Thus, 39 percent of CA's 7 and

14 was directly censused.

Table 19 summarizes calculations utilized to estimate the fall
moose population in CA's 7 and 14 east of Jay and Kosina Creeks
to the Susitna River in the project area during the census. Of
the 945 mi? 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 estimated to contain the following number of moose/mi?:
low=-1.125, medium-1.847 and high--3.726. The estimated fall

‘population for CA's 7 and 14 was 1,986 %+ 371, (90% CI).

Not all moose were observed at a survey intensity of 4.4 min-
utes/mi? (Gasaway and Dubois, unpub. report). Consequently, por-
tions of 10 sample areas were randomly chosen and were resurveyed,
at a sampling intensity of approximately 12 minutes/mi? in an
effort to generate a sightability correction factor (Table 20).
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Table 19. Summary of moose census data and subsequent population
estimates for Count Areas 7 and 14 derived from surveys
conducted from 5 through 8 November 1980 along the Susitna
River in southcentral Alaska.

Moose Density Stratum Low Medium High

Number of sample area censused 11 9 6

Total number of sample areas in 26 27 18
each stratum

Area of each stratum - mi’ 333.8 355.3 256.1

Moose density per stratum 1.125 1.847 3.726

Population estimate per stratum 375 656 954

Total population estimate 90% CI = 1986 + 371
Sightability correction factor = 1.03

Corrected population estimate = 2046 + 382
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Table 20. Summary of sample areas resurveyed to determine sightability
correction factor for the Susitna moose census conducted from
5 through 8 November 1980 in southcentral Alaska.

Stratifi- Time Spent {# Moose Observed

cation Sample Surveying Intensive Percent
Density Area Quad # Date (min) lst count Count Observability
L 21 1 11/7/80 10 0 0 100%

M 49 2 11/8/80 11 12 13 92.3%
H 15 11/8/80 31 7 7 100%

M 34 2 11/5/80 19 4 4 1007%

L 9 ? 11/5/80 5 est 0 0 100%

H 16 3 11/5/80 5 0 0 1007%

M 71 4 11/6/80 20 10 10 1007%

H 64 ? 11/5/80 5 est 4 4 100%

L 47 1 11/6/80 5 est 3 3 100%

L 23 ? 11/6/80 19 0 0 100%
Totals 10 - 11/5-8 130 40 41 98

|

13.0
Correction factor = 1.03
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With the additional surveying effort it w'gs estimated that during
the census approximately 98 percent of 7the moose were being ob-
served yielding a correction factor of 1.03. Therefore, the cor-
rected population estimate for CA's 7 and 14 was 2,046 + 382, (90

percent CI) of which 22 percent were calves.

We were unable to census those portions of the study area lying
west of Delusion and Kosina Creek because of deteriorating snow
conditions. However, on 29 November the areas which had not been
censused were stratified in an effort to provide a gross fall
population estimate for the study area. A total of 179 moose
were observed during 3.6 hours of surveying time. Eight hundred
and thirty mi? were stratified, of which 562 mi? were classified
as low moose density, 256 mi? as medium moose density and only
12 mi? as high moose density. The size of each stratum was mul-
tiplied by the individual density estimates derived for CA's 7
and 14 (Table 19) to derive a crude population estimate of 1,151
moose. Adding this figure to the population estimate for CA's 7
and 14, the estimated population for the study area west of the
Susitna and Oshetna Rivers was approximately 3,197 moose in early
November.

Using methods similar to those described in the preceding para-
graph, relative moose densities in CA & were also stratified.

This was done because CA 6 has a migratory population of moose
which overwinter in the vicinity of the mouth of the Oshetna
River. ©On 9 November a total of 205 moose were observed in 3
hours of survey flown in a Piper Super Cub. Relative density and
distribution of these moose were depicted in Fig. 18. O0Of the
470 mi? stratified, 204 mi? (43%) were classified as low moose
density, 207 mi? (44%) were classified as medium moose density
and only 59 mi? (13%) were classified as high moose density.
Extrapolating the average moose densities per stratum derived for
CA's 7 and 14 (Table 19) to the mi? of each stratum in CA 6, we
grossly estimated that area's fall moose population at 830 ani-
mals.
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Not all of the potential impact areas were surveyed in 1980 be-
cause of high costs and poor survey conditions. These other po-
tential impact areas which contain migratory moose include the
western Alphabet Hills, the Lake Louise flats, and drainages of

Tyone and Sanona Creeks.

Calf Production and Survival

Calf moose comprised 13 percent of the moose observed during the
distribution survey in March 1980. This low calf percentage re=-
flects poor calf survival during 1979-80 due to prédation (both
bear and wolf) and perhaps some winter mortality (starvation).
Farther upstream above the Denali Highway where both bear and
wolf densities had been experimentally lowered (Ballard et al.
1980); calf moose compriséd 33 percent~of.the moose counted in
late May 1980, reflecting increased calf survival due to the
lower predator densities. Of 32 radio-collared cow moose which
Wére intensively monitored from mid-May through mid-June 1980, 19
“were subséquently observed with 30 calves for an observed calving
rate of 0.94 calves/cow. Fifty-eight percent of the cows pro-
ducing calves had twins. These rates of calf production were
gquite comparable with those observed in 1977 and 1978 (Ballard
and Tobey 1981).

Mortality of newborn moose calves in 1980 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
(Fig. 19). Although causes of moose calf mortality were not de-
termined in 1880, the pattern of loss was quite similar to that
observed in 1977 and 1978 where predation by brown bear (Ursus
arctos) was responsible for 79 percent of the calf deaths
(Ballard et al. 1981). Calf mortality appeared to continue at a
high level in 1981 as well.
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During the 1981 calving season we did not monitor radio-collared
moose intensively enough to document parturition dates and rates
of calf loss. However, of the 46 sexually mature cow moose which
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 missing by 28 July. This pattern of calf loss is quite sim-
ilar to that of 1977, 1978, and 1980 when predation by bears ac-
counted for most of the losses. However, overall calf survival

may have improved in 1981.

Calf: 100 cow ratios in count areas 6 and 7 were the highest
since 1964 and 1971, respectively. Reasons for the large in-
creases are unknoWn but may be due merely to differences in moose
movements, observer differences, survey conditions which would
result in high probabilities of observing calf:cow pairs, and
perhaps a slight increase in survival. fProblems with the sex-age
composition data may best be repreeented by the change in moose
age structure and total number in count area 7 from 1980 to 1981
(Tables 15 and 16). In 1980 a total of 178 calves and 766 adults
were observed, while in 1981 a total of 1006 adults were obser-
ved. Assuming that all of the calves in 1980 survived winter
1980-81, which is unlikely (Ballard et al in press), the total
number of adults in 1981 should have been 844 instead of 1006.
Therefore 21.1 percent of the increase in total numbers of adults

can not be explained based upon 1980 -data.

Subpopulations

Based upon moose movements studies conducted from 1976 through
1981 approximately 13 subpopulations of moose in the vicinity of
the proposed project area can be identified. For purposes of
this report we define a subpopulation as a group of moose which
utilize similar winter and summer range moving to and from such
areas in general synchrony. Generally, individuals of these sub-
populations breed and calve in the same area. It should be
pointed out, however, that under this definition subpopulations
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are not entirely discrete and many gradations between them exist.

The subpopulations in the vicinity of the proposed impoundments

are as follows:

(1)

(2)

(3)

(4)

Devil Canyon to Upper Fog and Deadman Creeks Subpopulations.

This subpopulation consists of moose which have relatively
small home ranges with overlapping summer and winter home
ranges. Some moose from this subpopulation probably never
utilize the area to be inundated while for others the
Susitna River runs through the middle or borders the annual
home range. No migratory moose are known to occur in this

area.

Upper Tsisi and Upper Fog Creek to Susitna River Sub

population. This relatively small subpopulation is com-
prised of moose which migrate short distances between winter
and summer range. They may share summer and winter range

with relatively sedentary (non-migratory) moose.

Kosina Creek Subpopulation. For the most part this rela-

tively small group of moose appear non-migratory and appear
to occupy relatively small home ranges along the creek bot-
toms. It is possible based upon the movements of one calf,
than an unknown sized segment of this subpopulation migrates
down Kosina, crosses the BSusitna River, proceeds up Jay

Creek and possibly calves at Coal Creek.

Watana Creek =~ Monahan Flats Subpopulation. An apparently

small subpopulation of migratory moose periodically spend
late winter and spring in the wvicinity of the area between
the mouths of Jay and Watana Creeks depending upon winter
severity. In late spring this group migrates to Monahan
Flats for calving where they remain through summer. In
October they return to Watana Creek where they either remain
through winter or they return to Monahan Flats, again ap-

parently dependant upon winter severity.
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(3)

(6)

(7)

(8)

Watana Creek - (nonmigratorY) Subpopulation. This subpopu-

lation consists primarily of nonmigratory moose which occupy
the drainages of Watana Creek. This subpopulation sometimes
shares winter and summer range with the migratory Monahan
Flats subpopulation, Watana Creek migratory moose, and moose

which migrate back and forth from Watana to Coal Creek.

Watana Creek - (migratory) Subpopulation. Moose from this

subpopulation migrate from winter to summer range following
the drainage of Watana Creek to upper Butte Creek. The de-
gree of overlap with other subpopulations probably depends

upon winter severity.

Watana - Coal Creek Subpopulation. This migratory subpopu-

lation was not detected until late in 1981. Moose from this
group apparently winter in the wvicinity of the mouth of
Watana Creek and then migrate to upper Jay and Coal Creeks
for calving. They generally remain in the latter area
through summer and return to Watana Creek in late summer or
fall. One moose from this subpopulation made a series of
movements which either were atypical for moose from this
area or may indicate the presence of an additional migratory
subpopulation. Moose 668 resided from ~March through
September 1981 in the uplands between Watana and Jay Creeks.
By early October she had moved to Jay Creek. Between 5 Oct.
and 17 Nov. 1981 she had moved north to the mouth of Windy
Creek, perhaps for breeding, and then returned to  Coal

Creek. By early Dec. 1981 she had returned to Jay Creek.

Jay - Kosina Creeks to mouth of Clearwater Creek Subpopu-

lation. This subpopulation consists primarily of nonmigra-

tory moose with relatively small home ranges. Considerable
overlap in total home range occurs between individuals.
Moose from this subpopulation usually share winter or summer
range with migratory subpopulations from the folylowing
areas: Oshetna River, Black River, Maclaren River, Clear-
water Creek, Butte Creek and Watana Creek.
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(2)

(10)

(11)

(12)

(13)

Migratory Black and Oshgtpq 1_21'_ver Subpopulation. Moose from
this relatively important subpopulation appeared to spend

fall and winter in the upland areas. During early spring
they migrated down the respective drainages to lowland areas
for calving.

Migratory Clearwater Creek Subpopulation. This subpopula-

tion of moose generally summer in the Clearwater Mountains.
During late October or November this group migrates south-~
ward and winters in the vicinity of the mouth of Clearwater

Creek to the big bend in the Susitna River.

Calving for this subpopulation occurs either on the winter
range or between winter and summer range. Winter range is
shared with both migratory and sedentary moose from several
other subpopulations.

Migratory Malclaren River Subpopulation. This group of

moose has movement patterns similar to those described for

the Clearwater subpopulation.

Butte Creek Subpopulation. Moose from this subpopulation

generally reside and calf on Butte Creek and adjoining areas
through summer and migrate down the Susitna River to the
vicinity of the big bend. Winter range is shared with sev-
eral other subpopulations. Moose from this subpopulation do
not always migrate to winter range, instead they winter on

summer range during mild winters.

Migratory Lake Louise Flats - Susitna River Subpopulation.

Moose from this subpopulation usually winter in the vicinity
of the big bend of the Susitna River. During early spring
migration to calving areas on the flats usually occurs.
Successful cows often remain on the flats through summer,

returning to the Susitna River in fall.
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Moose Dispersal

Although the original objectives of this study did not encompass
this aspect of moose biology, some preliminary information was
obtained in 1981 from the collaring and relocating of sixteen 10
month old calves of radio-collared adults. At least 4 of 16
calves dispersed from the cows home range between March and
December 1981. These movements were particularily interesting
because they demonstrate the distances that moose from the im-
poundment area may trevel suggesting that moose populations else-
where in Unit 13 may partially depend on an influx of moose from
the study area. Reductions in disperal due to the project could
significantly affect hunting and moose population dynamics in

areas far removed fromthe main impact area.
The movements of these four moose are briefly described:

(1) Male calf 672 of cow 671. Both cow and calf were captured
at standing Bear Lake in March 1981. Both traveled eastward
reaching Coal Creek by mid-August where they both remained
terther until early October. After which, the cow returned
to Jay Creek while the calf proceeded northward to the mouth
of Windy Creek. The cow continued to move down Jay Creek to
Watana Creek where she arrived by early December. The calf
on the other hand returned to Coal Creek by mid-November

‘where he remained at least through mid-December.

(2) Male calf 674 of cow 673. Both were captured near the mouth
of Watana Creek in March 1981. Unfortunately the cow slip-
ped its collar shortly after capture but both remained in
association near Watana Creek until late May. By late May
the calf moved to upper Jay Creek where he remained without
the cow until at least 10 September. Between 10 September
and 1 October 1981 he moved northward, again unaccompanied
by the cow, to the mouth of Windy Creek. He remained in the
area between Windy and Clearwater Creeks above the Denali
Highway from October through early December 1981 when this

report was prepared.
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(3) Female calf 685 of cow 692. Both were captured near the

mouth of Watana Creek where £hey remained at least through
the end of March. Between late March and 16 May both had
moved to Coal Creek where they maintained a lose association
while the cow gave birth to a new calf. The cow remained at
Coal Creek to 1 COctober. During Octoker the cow moved down
Jay Creek and returned to the mouth of Watana Creek by mid-
December 1981. Last years calf, however, traveled north to
the big bend of the Maclaren River between 1 October and
mid-December 1981. By 19 December 1981 it was located near
Crazy Notch, north of the Denali Highway near the Maclaren
River.

Home Ranges of Moose

Seasonal and total home range sizes for 162 radio-collared moose
studied in GMU=-13 from October 1976 through mid-August 1981 are
presented in Appendix B. Areas inhabited by radio-collared moose
were relatively large averaging 224.2 km? (87 mi?), ranging from
3.8 (1.5 mi?) to 2011 km? (1124 mi?). Table 21 summarizes home
range sizes by sex and age class of radio-collared moose. Al-
though many of the sex-age comparisons may not be wvalid because
of small sample sizes the comparisons suggest that large differ-
ences in home range sizes exist. Two-year old females had the
largest seasonal and total home range size. In terms of total
home range sizes in order of decreasing size the order by sex-age
class was as follows: adult females, male calves, female calves,
2 yr. old bulls and adult bulls.

However, there were no significant differences (P20.05) with
total home range sizes or maximum lengths between sexes or age
classes.

LeResche (1974) reported that seasonal home ranges of moose were
consistently small regardless of how far a moose moved between
seasons. For convenience of analysis for this report we divided

seasons into summer (April, May, June, July, August and
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Table 21. Summary by sex and apge class of seasonal and total homelrange sizes for radio-collared moose studied in the
Nelchina and upper Susitna River Basin from October 1976 through mid-August 1981.

Winter Home Range(kmz) Total Home Range(kmz) Length of Home Raqge(kmz)

Sex Age Summer Home Rangg(kmz)
x St.D N X St.D N X St.Dev. N x St.Dev. N
Male Calf 41.9 58.7 6 108. 106.1 21 196.4  257.3 27 29.3  18.6 27
Male 2 yr.  65.6 - 1 - — — 147.9  57.1 1 31.3  19.4 1
Male Adult  59.2 28.6 3 25, 22.1 3 97.1 21.9 4 18.6 3.9 4
>3 yr. ' ‘
Female Calf 39.3 61.1 18 134. 149.8 - 30 187.5  280.2 40 32.7 20,7 40
Female 2 yr. 443.2  455,1 3 292. 321.7 3 377.6  575.6 5 27.4  27.8 5
lFemaie >3 yr. 148.7  236.7 76 123. 299.8 73 248.2 449.7 85 27.1  23.9 85
TOTALS 129.3  222.2 107 125. 244,0 130 224.2  381.3 162  28.7  22.0 162



Septembef) and winter (October, November, December, January,
February and March) which by strict definition would not allow us
to compare Susitna seasonal home range sizes with those reported
elsewhere in North America. However, a preliminary analysis of
seasonal home ranges where migration points were excluded sug-
gested that GMU 13 moose have significantly larger home ranges
than those reported in the literature (Ballard and Taylor 1980).
Ballard et. al. (1980) and Ballard and Taylor (1980) compared the
summer home ranges of cow moose accompanied by calves with those
reported elsewhere in North America and found that Unit 13 ranges
were substantially larger. They also determined that predator
densities influenced the movements and subsequently the home
range sizes of the cow-calf pairs. The large seasonal and total
home range siges reported in our studies probably reflect an
adaptation by moose to exploit habitats which are only seasonally
available. '

POTENTIAL IMPACTS ON MOOSE BY SUSITNA HYDROELECTRIC PROJECT

Winter Habitat Loss - The most obvious impact of the proposed

project is loss of habitat, primarily through inundation but also
through construction of project facilities such as roads, borrow
pits, camps, etc. The normal pattern is for moose to occupy
habitats at lower elevations during winter. Cows with calves use
such areas more heavily than do bulls. The deeper the snow the
heavier the use of lowland areas. Severe winters frequently
cause population declines in moose. Therefore, 1lowland winter
range 1is generally considered critical habitat for moose even
though it might not be heavily used every vyear. Observations
made during the winter of 1974-75 (U.S.F&W 1975) suggested that
this pattern held true in the vicinity of the proposed impound-
ments.

We have not observed this pattern during this study. Snow depths
have been 1less than normal and have in fact been shallower .at
higher elevations than below the levels of the proposed impound-
ments. Moose appear to have actually moved to higher elevations
and use of the areas to be inundated has been light.
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A key question is what happens during a more severe winter when
snow depths are greater at higher elevations. Available infor-
mation is inadequate to answer this question. It seems certain
that during severe winters, use of the impoundment areas, par-
ticularly the portion of the area that would be flooded by the
Watana Dam, is greater than observed in March 1981. However,
until we are able to observe moose movement under deeper snow
conditions, we will not be able to predict how much greater that

use is.

Limited observations made by plant ecology studies (Subtask 7.12)
personnel suggest that habitat within the Watana impoundment area
may‘not support greater use by moose. They suggested that in
November 1980 willow stands along~Watana,Creek and portions of
the Snsitna River within the Watana impoundment area had élready
been heavily browsed by moose (Univ. of Alaska, Ag. Exp. Stat.
1981). They continued, "consequently, it appears that browse
supplies in the bottoms of the Susitna River Canyon and its trib-
utaries may already be depleted before they would have much value
-as a browse reserve in iate winter or during severe winters" (op.
cit.). Although' no data were presented on available browse,
browse utilization, browse vigor or pellet groups this possibi-
lity can not be overlooked. More complete studies of the habitat

are required.

The fact that current annual growth of major browse species has
been consumed by fall does not necéssarily mean an area has lost
its value as critical range during a severe winter. Little is
known about the ability of an overbrowsed range to sustain moose
during a severe winter. If deep snows drive moose to the lowland
areas where the current years growth has already been removed,
the remaining forage may be sufficient to prevent a total loss of
the population even though significant mortality from starvation
may occur. Consequently, our knowledge of the movement patterns
and habitat utilization of Susitna moose during a severe winter
and our knowledge of the capacity of habitat to support moose
during a severe winter are inadequate to draw meaningful conclu-

sions.
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However, in 1978-79, a severe winter, while capturing short-year-
ling moose in the OShetna and Tyone River areas for mortality
studies, we observed a number of starved moose (Ballard and
Gardner 1981).

Survival of moose was much higher in riparian areas than in up-
land or flat lowland areas. We suspect survival of moose will be
higher during a severe winter along the Susitna River than in

many other habitats found in the area.

Spring Habitat Loss - We found that moose use of impoundment

areas was dreatest in spring and early summer. This may be a

response to earlier snow melt and vegetation emergence at lower

elevations. This is a critical period for moose, especially fol-
lowing severe winters. Moose tend to have a negative energy
balance during winter. Their physiologic condition deteriorates
usually reaching a low point around April. This trend is abrup-
tly reversed when melting snow and new plant growth greatly in-
crease the quantity and quality of available food. In a nutri-
tionally stressed population, many moose may be near the point
where their survival or, in the case of pregnant cows, their
unborn calf's survival is in question. If availability of emer-
gent vegetation is delayed, either by climatic conditions or loss
of habitat where emergence is early, the population may suffer
significant mortality.

Habitat Alteration - While there is some doubt as to the impor-
tance of habitat that will be inundated, there is little doubt

that many areas immediatley adjacent to the impoundments are ex-
tremely important. There are several mechanisms that could alter
some of these habitats.

For example, Henry (1965) predicted changes in precipitation
would occur in portions of the Yukon Basin following the creation
of Rampart Dam Reservoir. Also, in more southerly locales it has
been demonstrated that large bodies of water influence the local

environment; in effect, lengthening the fall season and delaying
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spring. Although the two p;qusgq_;mpogndments are relatively
small in relation to the Rampart Project, small changes in cli=-
mate might be more pronounced because of the steepness of the
Susitna River:Valley. Climatic changes may result in either more
precipitation in terms of snow fall or a lengthening of spring
thaw and a resulting delay in spring greenup. The climatic ef-
fects of the two impoundments could be highly detrimental to the
large number of moose which utilize portions of the Basin within
5 miles of the project shoreline. As no studies have been under-
taken to predict the effects of the impoundments on climate, we

can not estimate the magnitude of their impact.

Some changes in vegetation are likely along the fringes of the
impoundments. These might be beneficial to moose if the new
plant community is comprised of desirable browse species. There
will be a zone above the normal maximum level of the Watana im-
poundment that would flood only during extremely wet years. This
might be conducive to growth of some species beneficial for moose
such as willow. Also soil moisture conditions might create new
riparian areas. Since‘nb information is availéble~on the effécts

of the impoundments on shoreline vegetation, any conclusions on

‘their effect on moose is speculative.

Filling of the impoundments is likely to displace moose into sur-
rounding habitat. Unless the moose population is below carrying
capacity of the remaining habitat, there will be overbrowsing of
this adjacent habitat until the population adjusts. Overbfowsing
could reduce the carrying capacity for some period of‘time. The
extent and duration of this reduction in carrying capacity de-
pends on many factors Which have not been studied. This impact
would be temporary but could last from a few years to several

decades.

Blockage of Migration - Our studies document a number of cros-

sings of the Susitna River by moose. These crossings were most
common during periods of migration. A number of our radio-col-
lared moose displayed home ranges which would be bisected by the
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proposed impoundments. Moose attempting to migrate across the
impoundments would encounter either open water or uncertain ice
conditions. While some moose are still likely to cross impound-
ments particularly later in the winter, the option of having sea-~
sonal ranges on both sides of an impoundment is likely to be
lost.

Several subpopulations of moose are known to rely on migrations
across the impoundments. Therefore, blockage of migration ap-
pears to be a problem which will limit the -ability of individual
moose to adapt to an otherwise stressful situation such as local-

ized overpopulation or severe winters.

Hazards =~ Mud and ice shelving around the Watana impoundment is
likely to create hazards to moose. There are numerous instances
where moose have been mired in mud or injured or killed by falls

on ice.

Perhaps more important is the role these hazards might play in
increasing vulnerability to predators. Wolves commonly kill
moose at the edges of lakes suggesting that such areas facilitate
hunting by wolves. The presence of ice 'shelves might further
benefit the wolves. Our data indicate that densities of moose
near the shore of the Watana impoundment are likely to be high in
certain areas. The rate of predation by wolves, and possibly
bears, could be significantly higher than in the absence of the

impoundment.

Other hazards are likely to be created by construction of project
facilities. Moose~vehicle collisions are likely to occur where
roads pass through moose wintering concentrations. Routing of
access roads and control of traffic levels will be major factors

determining the seriousness of this problem.

Vulnerability to Hunting - The vicinity of the proposed impound-

ments 1s relatively lightly hunted because of limited access.
There is some evidence that such areas help sustain harvest

levels in adjacent accessible areas through dispersal.
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Roads to the impoundmernts wi%l‘g;ggﬁlyi%ngrease access by highway
vehicle, ATV, boat and aircraft. There are already indications
that hunting and trapping effort in the area have increased
simply because workers at the Watana became familiar with the
area and tended to return to the area. We can expect a substan-
tial increase of interest in the area by the thousands of workers
that will be brought in during construction and operation of the

project.

Hunting and trapping can be controlled through existing State
regulatory mechanisms. However, the risk of localized or short
term overharvest will be increased and management of moose is
likely to become less flexible. We can expect more restrictive

regulations over a large portion of the Basin.

Numbers of Moose to be Impacted by Susitna Hydroelectric Develop-

ment.

Because the mechanisms of impact of the Susitna Project on moose
are likely to be complex and often indirect, it is difficult to
accurately delineate a zone of impact and to estimate the number
of moose that will be impacted. First, it is necessary to define
an impact. Impacts can range from the permanent loss of the
capacity of a habitat to support some number of animals, or even
to support a population, to short term inconvenience to an in-
dividual animal. For the purposes of this discussion we are con-
cerned with impacts that are likely to affect the size or pro-
ductivity of the population. Impacted individuals would be ef-
fectively removed from the population, would be less capable of
successfully reproducing under stressful conditions such as se-
vere winters, or would have a shorter life expectancy due to en-

vironmental factors such as severe winters, predation or hazards.

We can assume that all moose whose entire home range falls within
areas that will be inundated will be lost. As we move away from
the impoundments we would expect a progressively smaller propor=-

tion of moose to experience progressively less severe impacts.
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Therefore, based upon the opsgpygdﬁpqvgmgnts of moose, the con-
tinuum of impacts ranges from the impoundment areas to approxi=-
‘mately 110 miles (177 km) away from them. We have classified all
impacts into fhree broad categories. Impact categories include:
(1) severe impacts - moose which reside in the impoundment area
or which spend significant portions of their life in close proxi=
mity to them {( 5 miles) will be subjected to all of the identi-
fied impacts in the previous section at their most severe inten-
sity. Moose which fall into this category will suffer high rates
of mortality, decreased natality and probably disruption of move-
ments and dispersal; (2) moderate impacts - moose which are sub-
jected to this level of impact do not reside in the impoundment
area but do spend portions of the year in areas which would in-
directly be influenced by the effects of the project. All of the
mechanisms of impact identified in the previous section would
exist but crowding, wvulnerability to predation, bklockage of mi-
gration and lower dispersal rates appear most important. Moose
in this category would be expected to suffer lower rates of pro-
ductivity and higher rates of mortality than before the project
but the magnitude would be less than those which would be severe-
ly impacted; (3) slight impact - moose in this category would be
affected indirectly by the project to wvarying but unknown de-
grees. All of the mechanisms of impact may operate on these
moose but the severity will be much less than those in the severe
or moderate category and thus the impacts may not even be .detect-
able.

To estimate the numbers of moose which could be impacted both
severely and moderately by the project we determined the average
maximum length of total home range sizes for 162 radio-collared
moose for which 4 or more observations had been made (Table 21
and Appendix B.). Based upon this analysis we determined that
the average length of a total home range for all radio-cocllared
moose of both sex and all age classes was 28.7 km? (17.8 mi.).
We applied the measurement to the proposed impoundments and plot-
ted this distance from the impoundment. We used the resulting

area to determine moose which would be moderately affected by
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construction and operation of the proposed project. Further ref-
erence to this area will refer to the zone of impact (ZI). We
also delineated a 5 mile zone from the edge of the impoundment,
which roughly‘correlated to 1/3 of a moose home range, which we
believed all residing moose would be severly impacted by con=-
struction and operation of the project. Specific delineations
around borrow pits and access routes were not made. The 5-mile

zone is referred to as the severe impact area (SIA).

" Boundaries of the ZI and SIA were overlaid onto the boundaries of

the area for which moose population estimates were made in 1980
(Fig. 17). The original stratification and census boundary re-
ported in the first annual report (Ballard et. al.. 1980) was ex-
panded for this analyses to include an adjacent area which was
also censused 1980 another study (Ballard et. al. in press). The
combined population estimate for fall 1980 was 4,500 moose.

Individual total home range polygons for 167 radio-collared moose
were overlaid on Fig. 17. The numbers of moose within portions
of their home range in the area estimated to contain 4,500 moose
in fall 1980 were tallied. Of the 167 moose for which home range
polygons existed, 19 had home ranges which fell outside the area
of interest. Cf the 148 moose contained within the census and ZI
boundaries, 100 of them had polygons which completely or par=-
tially overlapped the ZI while 79 completely or partially over-
lapped the SIA. The percentage proportions of radio-collared
moose which overlapped the ZI and SIA were applied to the popu-
lation estimate of 4,500 moose. This resulted in an estimate of
3,040 moose which seasonally or annually occupy the area within
one home range of the impoundment or the ZI (zone of impact).
These latter moose would be moderately, impacted by the project.
Of that total an estimated 2,402 moose completely overlapped or
had portions of their home range within 5 miles of the impound-
ment (SIA) and these moose would be severely impacted by the pro-
ject.

Several biases exist with the methods utilized to estimate the
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number of moose to be severly or moderately impacted by the pro-
posed project. Perhaps, most importantly, the method assumes
that all areas within the census area received equal capture ef-
fort. Although this assumption can not be entirely fulfilled,
the initial capture and distribution of radio-collars was gener-
ally based upon the distribution and density of moose present
during a given capture year. Admittedly capture efforts in
spring 1980 and spring 1981 were focused on areas immediately
adjacent to the impoundments. For that reason and because of
moose movements information, the area above the Denali Highway
was added to the analysis. The addition of the area with its
relatively large numbers of radio-collared moose which did not
overlap the ZI or the SIA helped to reduce or even reverse the
initial capture biases. Without the addition (correction), the
estimates for numbers of moose occupying the ZI and SIA would
have been 3,300 and 2,607, respectively. The analysis also as-
sumes that immigration and emigration of moose were equal. Al-
though too few moose have been captured outside of the area to
measure immigration the preliminary analysis of movement data
suggests that a significant number of yearling moose may emigrate

from the area.

An additional criticism of the methods used in this section are
that moose which have very small portions of the home range with-
in the impact areas are given equal weight with those which have
most or all of their home range in the area. This argument could
be valid except that mocose which become displaced from the reser-
voir area will then be competing for home range space with those

moose which have small areas within the impact zone.

Regardless of the biases associated with this method we believe
it provides a minimum estimate of the numbers of upstream moose

which will be severely or moderately impacted by the project.

No attempt was made to enumerate the numbers of moose which would
be slightly impacted. In conclusion, we estimate that 2,400
moose would be severely impacted by the project and an additional
900 would be moderately impacted.
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PROPOSED STUDIES FOR PHASE II

Phase I studies have identified a number of potential impacts
that construction and operation of the project would have on
moose. It also has identified a number of areas where additional
information is necessary before a complete evaluation of the pro-
ject's effects on moose can be made. The following study seg-
ments have been designed to fulfill the additional data require-

ments.

The~importance of the two proposed impoundment areas to both mi-
grant and sedentary moose during a severe winter has been a topic
of much speculation during Phase I studies. Determining the im-
portance of the project area to the several identified subpopula-
tions of moose during severe winter conditions is necessary. To
accomplish this objective we propose that moose studied in Phase:
I be recollared early in Phase II and that they be monitored bi-
monthly to determine their location during a severe winter. Win-
ter severity will be determined by continued monitoring of snow
depths at established snow courses and weather station data.
When winter conditions become severe the identified zone of im-
pact will be intensively censused so that the numbers of moose
which would be impacted by the project during severe winter con-

ditions can be determinedf.

While the above-mentioned studies are in progress, a more con-
certed effort should be made to determine habitat use by moose in
relation to plant availability. This will require a redirection
of Phase I plant studies so that they focus on important moose
habitat types. Concurrently with vegetation studies a moose food
habits study should be initiated to determine the seasonal impor-
tant of different plant species. Willows appear to constitute a
significant portion of the winter diet but relatively little is
known concerning the diet during the remaining seasons. Food
habits will be investigated through a combination of pellet anal-
yses, analyses of rumen contents, and from ground observations of

moose.
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During Phase I studies, an attempt was made to determine if dis-
persal of juvenile moose from the project area could be an impor=-
tant aspect of moose biology which potentially could be impacted
by the projecf. During the first year following the capture and
collaring of 16 calves, at least 4 (25%) have made significant
dispersals away from the project area. Additional dispersals
will probably occur during the calves' second and third year of
life. Therefore, it appears that dispersal of juvenile moose
could be significantly impacted by the project. Reductions in
the magnitude of dispersal observed thus far could significantly
affect the population dynamics of moose which are far removed
from the project area and consequently could affect human hunting
success 1in other areas. To acquire additional information on
this important aspect of moose biology the surviving calves of
radio-collared cows should be captured in fall 1982 and 1983 and
monitored bimonthly concurrently with the cows for a minimum of 2
years.

During Phase 1 studies, mortality of calves of radio-collared
cows was gquite high. Earlier studies in other areas of south-
central Alaska documented predation by brown bears as the most
important neocnatal mortality factor. The latter study areas were
not inhabited by black bear and generally had lower wolf dens-~
ities than those in the study area. Therefore, calf mortality in
the project area could be attributable to 3 species of predators.
Determination of the amount of moose calf mortality attributable
to each predator species is necessary to evaluate the project's
effects on both predator and prey. Although a number of justifi-
cations exist for pursuing a calf mortality study in relation to
the impoundments, one potential ramification concerns determining
the extent of mortality attributable to black bears. If black
bears constitute a major source of calf mortality, a decreased
black bear population due to flooding of den sites potentially
could increase calf moose survival in the areas immediately adja-
cent to the impoundments. The same may also be true for brown
bear and wolf predation. To determine the exact causes of moose

calf mortality we propose that 75 newborn moose calves be cap-
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tured and radio-collared in 1983 and 1984. Survival and deter-
mination of causes of mortality should be monitored through each

summer.

All discussions concerning mitigation of impacted moose habitat
have focused on either controlled burning or crushing as tools
for compensating for moose losses. Although bioclogists generally
agree that fire and/or crushing appear to benefit vegetation for
moose, little quantitiative data exist on the degree, magnitude,
or timing of a moose population response. . Information on these
parameters in several habitat types is necessary to determine the
size, duration, anticipated costs, and anticipated results before
a mitigation program can realistically be designed or imple-
mented. We propose that a study be initiated in the upper
‘Susitna Basin to investigate these questions. The initial study
could consist of an evaluation of a planned management burn by
the Bureau of Land Management in fall 1982 and 1983. Minimally,
this evaluation should consist of determination of moose numbers
and distribution during winter prior to and after the burn.
These objectives would be accomplished by conducting a series of
moose distribution surveys, an intensive census, and capture and
radio-collaring of several moose to determine the numbers and
distribution of moose in and adjacent to the area before and
after the fire. The immediate response of moose inhabitating the
burned area would be determined by monitoring 15 adult moose
which would be captured and radio-collared immediately before the
burn is initiated. They would be monitored daily while the burn
was in progress and monthly afterwards.

In order for the burns to be successful in terms of benefits to
the moose population, it is imperative that c¢alf survival im~-
prove. If observation of the radio-collared cow moose do not
demonstrate an improvement in calf survival, a small calf mor-
tality study should be conducted to determine causes of mortal-

ity.
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Appendix A (Figures 1 - 49.) d,o;il'cu movements and home ranges of individual radlo-collared moose studied
in the Nelchina and Susitna River Basins of Southcentral Alaska from October 1976 through mid-August 1981.

1 ¢cm=56000 metara

1=12 correspond to month
of observation

p—

Figure 1. Monthly locations n,_n'd't'otul homi range observed from Oc'tfob.er 1978 ihrounh mld-Aﬁﬁuu 1681 In Game Manadomqnt_
Unit 13 of Southcentral Alaska of moosa 274, 622, 625, 626, 631, 636, 643, 647, 651, 652, 670, 682, 683 and 688. -
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1 cm=56000 meters

1-12 correspond 10 month
" of observation

Flgure 2. Monlhly‘ locatlons and total home range oburhd from October 1978 through mid-August 1881 in Game Managemerit
Unit 13 of Southcentral Alaska of moose 307, 624, 827, 628, 620, 632, 637, 648, 649, 8885, 6062, 6_16. 880, oap and 684,
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1 em=56000 meters

1-12 correspond to month
of observation

Figure 3. Monthly locanono and total home rnnoo oburnd from October 1876 thtough mld-Augnat 1981 In Gamo Manaoomont
Unit 13 of Southcéntral Alaska of moose 830, 635, 640, 642, 644, 045, 653, 675 and 686.
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1 cm=6000 meters

1-12 correapond to mohth
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Figure 4. Monthly locations and total home range observed ﬁ’pm October 1976 through mid-Auguat 1881 In Game Manngemon’t»
Unit 13 of Southcentrdl Alaska of moose 618 and 6885, | i



1 cm=5000 metsrs

1-12 correspond to month
of observation

:Fl_gure 6. Monthly locations and total home range observed lfon‘\ October 1978 through ﬁlld-Auquot 1981 In Game Managemaent
Unit 13 of Southcentrai Alaska of moose 672 and 736. ‘



1 cm=5000 meters

1-12 correspond to month
of observation

Figure 8. Monthly locations and total home range observed from October 1976 through mid-August 1981 in Game Manau-emem
Unit 13 of Southcentral Alaska of moose 834, 0638, 641, 684, 663, 678, 601, 692, 604, 713 and T32.
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Figurea 7. Monthly locations and totai home range observed from October 1976 through mid-August 1981 in Game Management
~ Unit 13 of Southcentral Alaska of moose 205, 617, 619, 633, 6566, 677, 679, 693, 607, 608, 715, 730 and 741.



1 ¢cm=56000 ﬁletorl

1-12 correspond to month
of observation -

Figure 8. Monthly locations and total home range observed from October 1970 through mld-Auguu 1081 In Game Mnnapomont
Unit 13 of Southcentral Alaska of moose 839, 880, 706 and 728. :
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Figure 8. Monthly locatlions and total home range observed from October 1978 through mid-August 1981
Unit 13 of Southcentral Alaska of moose 850. '

In Game Manlgomont



1 cm=6000 meters )

. 1=12 correapond to month
of observation

Flguro 10. Monthly locations and total home range observed from October 1976 through mid—-August 1681 in Game Managomonl
Unit 13 of Southcentral Alaska of mqose 666 and 671.
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Figure 11. Monthly locations and total home range obur_vod from October 1976 through mid-August 1081 In Game Management '
Unit 13 of Southcentral Alaska of moose 674. '



1 ¢cm=56000 meters

1-12 correspond to month
of observation

Figure 12. Monthly locations and total home range observed from October 1976 through mid-August 1881 in Game Management
‘Unit 13 of Southcentral Alaska of moose 8667 and 668, : '
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' 1412 correspond to mopth
of observation

Figure 13. Monthly locatlons and total home range observed from October 1876 through mid-August 1981 In Game Management
Unit 13 of Southcentral Alaska of moose 6660.
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Figure 14. Monthly locations and total home range observed from October 1978 through mid-August 1881 in Game Management
Unit 13 ot Southcentral Alaéka of moose 375, 388, 393, 023, 711, 719 and 731.



1 ecm=5000 meters

1~12 correspond to month
of obsarvatlog

Figure 16. Monthly locations and total home range observed from October 1076 through mid~August 1081 in Game Management
Unit 13 of Southcentral Alaska of moose 68T. ‘ '
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1 cm=5000 meters

- 1=12 correspond to month
of observation

e .

Figure 17. Monthly locations and total home range. observed from October 10786 through mld—Auaust 1981 jn Game. Managemant
Unit 13 of Soulhcantrnl Alaska of moosae 674.
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Figure 18, Monthlv locations and total home range observed from Ootohor 1078 1htough mld-Auauu 1001 in Game Managemonl
Unit 13 of Southcentral Alaska of moose 723.
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Figure 21. Monthly locations and total home range oburvcd from Ootobor 1076 throuah mld-Augun 1081 in Gamo Managoment
Unit 13 of Southcentral Alaska of moose 307, 701 718 and 128
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Figure 22, Monthly locations and total home rangs obsarved from October 1078 through mid-August 1881 In Game Management
Unit 13 of Southcentral Alaska of moose 387, 395, 706,.724 and 733.
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Figure 23. Monthly locations and total houho range observed from October 1976 through mid-August 1_081 In Game Management
Unit 13 of Southcentral Alaska of moose 876, 381 and 382.
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Figure 24. Monthly locations and total home range observed from October 18768 through mid-August 1981 In Qame Management
Unit 13 of Southcentral Alaska of moose 378 and 408. o -
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Figure 26. Monthly locations and total home range observed from October 1976 through mid-August 1881 In Game Management
Unit 13 of Southcentral Alaska of moose 389, 390 and 406, '



|

—
—"1 cm=6760 mater
1-12 correspond fo month

of obaer\muo | | '/ ‘
v

Figure 26. Monthily locations and totai home rango observed from Ootobar 1876 through mid-August 1081 In Game Management
Unit 13 of Southcentral Alllkl of moose 300, 308, 400 and 704a.
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Figure 28, Monthly locations and total home range observed from October 1978 through mid-August 1981 In Game Management
Unit 13 of Southcentral Alasks of moose 380. '
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Figure 29. Monthly lacations and total home range observed from October 1976 throuaﬁ mld-Auguet 1981 In Game Management
Unit 13 of Southcentral Alaska of moose 3904 and 407.
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Figure 30. Monthly locations and total homa range observed from October 1876 through mid-August 1081 In Game Managemom .
Unit 13 of Southcentral Alaska of moose 386, 403 and 721, '
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Figure 32. Monthly locations and total home range oburvod from October 1876 through mld-Auguu 1981 ln Gama Managemonc
Unit 13 of Southcentral Alaska ot moose 402 and 702.
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Flgufa 33. Monthly ‘loc'n'lons and total home range observed from Qctobaer 1878 through mid-August 1881 In Game Management

‘Unit 18 of Southcentral Alaska of moose 377 and 408,
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Figure 356. Monthly locations and'lotal home range observed from October 1876 through mid-August 1981 In Game Managemaent
Unit 13 of Southcentral Alaska of moose 383 and 392.
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Figure 36. Monthly locations and total home range oburvod fram Octabar 1016 through mld—Augun 1981 ln Game Managemant -

© Unit 13 of Southcentral Alaska of mooae 233, 263, 269 and 308.
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Flgure 37. Monthly locations and total home range obeerved from October 1976 through mld-Aunual 1981 In Game Managomom
Unit 13 of Bouthcentral Alaska of moose 298. ‘
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Flgure 3a. Monthly locations and total home range observed fram October 1976 through mid-Auguat 1881 In Game Management
Unit 13 of Southcentral Alaska of mapose 262, 305 and 664. ' :
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Figure 39. Monthly locations and total home range observed from October 1976 through mld-Augun 1981 In Game Managoment
Unit 13 of Southcentiral Alaska of moose 225. 2064, 207, 2&9 and 740.
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Flgure 41. Monthly locations and total home range observed from Qotober 1976 through 'mld-Auqus-t 1981 In Game Managemant
Unit 13 of Bouthcentral Alaska of moose 249, 268, 204 and 300.
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Figure 42. Monthly locations and total homo range observed from October 1978 through mld-—Augult 1981 In Game Managemant
Unit 13 of Southcantul Alaska of moose 231, 301, 3086, 720, 736 and 737.
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Figure 43. Monthly locations and total home range observed from October 19768 through mld-Auouqt _1_961 in Game Management
Unit 13 of Southcentral Alaska of moose 291, 283 and 722. ‘
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Figure 44. Monthly locations and total home range observed from Oétobor 1878 through mid—-August 1981 in Game Management
Unit 13 of Southcentral Alaske of moose 303. ‘ ' '
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Figure 46. Monthly locatlons and total home range observed from October 1976 through mld-August 1681 In Game Management
Unit 13 of Southcentral Alaska of moose 200, 302 and 707.
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Figure 46. Monthly locations and total home r,angwobuervcd'l‘fom October 1976 through mid-August 1981 l.n Game Managemant
Unit 13 of Southcentral Alaska of moose 712. ' ' ' o
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Figure 47. Monthly locatlons and totsl home kr.nnn‘o observed from October 1976 through mid=August 1981 In Game Management
Unit 13 of Southcentral Alaska of moose 271. ‘ = '
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Figure 48. Monthly locations and total home range observed from October 1976 through mid-August 1881 in Game Managemant

‘Unit 13 of Southcentral Alaska of mooss 714.
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Figure 49. Monthly locations and total home range’ oburvod from Qctober 1970 lhrounh mid-August 1681 In Game Manauomont
© Unlt 13 of Southcentral Alun of mooss 700. ‘



Appendix B.

Seasonal and total home range sizes of individual radio-collared moose studied in the Nelchina and

Upper Susitna River Basins of Southcentral Alaska from October 1976 through mid-August 1981,

Moose Sex-Age Period Total # Summer 1/ Winter 1/ Total 2/ Maximum
ID # at Capture Monitored locations Home Range Home Range Home Range length of
(mo., yr) km 2 mi 2 km 2 mi 2 km 2 mi 2 km mi
249 M-Calf 3/79-5/81 10 - - 128.0 49.4 232.5 89.8 23.7 14.7
268 M-Calf 3/79-3/80 7 - - 45.9 17.7 150.8 58.2 20.8 13.0
271 M-Calf 3/79-8/80 8 159.4 61.5 70.6 27.3 1252.9 483.8 60.8 37.8
294 M-Calf 4/79-5/81 9 32.2 12,4 322.9 124.7 537.6 207.6 88.5 55.0
301 M-Calf 4/79-5/81 7 - -— 151.3 58.4 163.9 63.3 32.9 20.5
375 M-Calf 11/79-5/81 8 - - 14.9 5.8 285.4 110.2 37.4 23,3
376 M-Calf 11/79-5/81 7 - - 186.8 ‘72.1 358.5 138.4 56.3 35.0
379 M-Calf 11/79-5/81 7 - - 177.5 68.5 177.5 68.5 25.1 15.6
381 M-Calf 11/79-5/81 8 - - 2.0 0.8 3.8 1.5 5.1 3.1
382 M-Calf 11/79-5/81 8 - - 138.3 53.4 138.3 53.4 18.0 11.2
388 M-Calf 11/79-5/81 9 - - 438.0 169,1 583.5 225.3 50,2 31.2
391 M-Calf 11/79-6/81 8 - - 79.2 30.6 108.8 42.0 33.6 20.9
392 M-Calf 11/79-5/81 8 - -— 72.7 28.1 134.2 51.8 36.4 22.6
393 M-Calf 11/79-3/81 7 - - 37.0 14.3 37.0. 14.3 12.1 7.5
395 M-Calf 11/79-5/81 7 - - 103.3 40.0 256.8 99.2 41.1 25.5
396 M—-Calf 11/79-6/81 8 - -— 35.2 13.6 b4.4 16.0 16.0 10.0
398 M-Calf 11/79-9/81 9 - - 74.4 28.7 85.2 32.9 21.4 13.3
399 M-Calf 11/79-12/80 7 — - 78.6 30.3 78.6 30.3 15.1 9.4
400 M-Calf 11/79-6/81 9 - - 46.9 18.1 64.5 24.9 15.2 9.4
402 M-Calf 11/79-6/81 8 — - 56.3 21.7 86.7 33.5 22.2 13.8
408 M~Calf 11/79-5/81 9 - - 9.4 3.6 48.0 18.5 19.2 11.9
672 M—-Calf 3/81-8/81 5 - - - - 198.4 76.6 38.5 23.9
674 M-Calf 3/81-8/81 7 27.7 10.7 - - 84.0 32.4 27.5 17.1
675 M-Calf 3/81-8/81 6 10.2 4.0 - - 161.6 62,4 38.5 23.9
676 M—Calf 3/81-8/81 7 20.1 7.8 - - 20.7 8.0 16.3 10.1
677 M~Calf 3/81-8/81 9 1.6 0.6 - - 7.4 2.9 14.3 8.9
690 M-Calf 3/81-7/81 6 - — - - 5.9 2.3 5.8 3.6
Subtotal | (n=6) x 41.9 (n=21) 108.1 (n=27)  196.4 29.3  (n=27)
s 58.7 106.1 257.3 18.6
667 M-2 yr. 3/81-8/81 7 65.6 25.3 - - 147.9 57.1 31.3 19.4
Subtotal X  65.6
} o - S D 2 . 2 ] . 1
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Appendix B (cont'd)

Moose Sex-Age Period Total # Summer 1/ Winter 1/ Total 2/ Maximum

ID # at Capture Monitored locations Home Range Home Range Home Range length of

(mo., yr) km 2 mi 2 km 2 ni 2 km 2 mi 2 km mi
626 M-5y. 4/80-8/81 19 91.1 35.2 21.0 8.1 91.1 35.2 16.2 10.1
627 M-4y. 4/80-9/80 12 50.7 19.6 - - 127.6 49.3 22.4 13.9
642 M-4y. 4/80-7/81 20 35.8 13.8 49.1 19.0 94.1 36.3 21.4 13.3
682 M-Adult 3/81-5/81 5 - - 5.5 2.1 75.7 29.2 14,4 9.0
Subtotal (n=3) x 59.2 25.2 (n=3) 97.1 (n=4). 18.6 (n=4)
s 28.6 22,1 21.9 3.9

225 F-Calf 3/79-11/80 7 - - 43.3 16.7 43.3 16.7 19.3 12,0
262 F-Calf 3/79-11/80 8 36.7 14.2 —-— - 189.7 73.3 26,5 16.4
264 F-Calf 3/79-5/81 11 58.9 22.7 153.1 59.1 174.2 67.3 23.4 14.5
269 F-Calf 3/79-5/81 13 40.2 15.5 70.6 27.3 166.2 64.2 29.6 18.4
274 F-Calf 3/19-7/79 5 - - - - 97.0 37.5 37.0 23.0
290 F-Calf 4/79-5/81 11 75.6 . 29.2 846.2 326.7 1833.5 708.0 131.0 81.4
291 F-Calf 4/79-5/81 9 12.5 4.8 136.3 52.6 155.0 59.8 20.4 12.7
293 F-Calf 4/79-5/81 9 2.3 .9 161.5 62.4 161.6 62.4 40.5 25.2
297 F-Calf 4/79-5/81 9 18.8 7.3 191.1 73.8 213.9 82.6 37.2 23.1
298 F-Calf 4/79-5/81 9 10.7 4.1 37.5 14.5 186.9 72.2 48.4 30.1
299 F-Calf 4/79-5/81 8 12.7 4.9 82.5 31.8 136.2 52.6 30.8 19.2
300 F~Calf 4/79-5/81 8 3.2 1.2 - - 16.1 6.2 8.2 5.1
302 F-Calf 4/79-5/81 10 258.5 99.8 91.7 35.4 462.6 178.6 54.9 34.1
303 F-Calf 4/79-5/81 9 99.4 38.4 22.5 8.7 152.5 58.9 19.8 12.3
305 F-Calf 4/79-3/81 9 5.3 2.0 162,0 62.5 172.6 66.6 25.5 15.9
306 F-Calf 4/79-12/81 8 - - 227.2 87.7 312.1 120.5 32.3 20.1
307 F-Calf 4/79-5/81 8 7.2 2.8 96.3 37.2 201.7 77.9 58.8 36.5
308 F-Calf 4/79-5/81 7 13.5 5.2 - - 73.0 28.2 20.5 12,7
377 F-Calf 11/79-6/81 8 - - 221.8 85.6 224.4 86.6 33.2 20.6
378 F-Calf 11/79-5/81 8 - - 223.2 86.2 225.1 86.9 33.2 20.6
380 F-Calf 11/79-5/81 8 - - 112.5 43.5 183.9 71.0 36.7 22.8
383 F-Calf 11/79-1/80 5 - - 26.9 10.4 85.0 32.8 23.2 14.4
384 F-Calf 11/79-5/81 8 - - 37.9 14.6 83.5 32.3 31.6 19.6
386 F-Calf 11/79-5/81 8 - - 186.9 72.1 257.1 99.3 68.8 42.7
387 F-Calf 11/79-5/81 9 - - 96.8 37.4 112.1 43.3 28.7 17.8
389 F-Calf 11/79-5/81 7 - - 161.1 62.2 206.7 79.8 27.6 17.1
390 F-Calf 11/79-5/81 8 - - 131.2 50.7 143.8 55.5 25.2 15.7
394 F-Calf 11/79-5/81 6 - - 88.7 34.2 169.8 65.6 26.4 16.4
397 F-Calf 11/79-9/81 8 - - 7.5 2.9 34.4 13.3 16.3 10.1
403 F-Calf 11/79-5/81 8 - - 156.3 60.4 167.1 64.5 23.5 14.5



Appendix B (cont'd)

Moose Sex-Age Period Total # Summer 1/ Winter 1/ Total 2/ Maximum
iD # at Capture Monitored locations Home Range Home Range Home Range length of

(mo., yr) km 2 mi 2 km 2 mi 2 km 2 mi 2 km mi
404 F-Calf 11/79-5/81 10 - - 34.9 13.5 47.8 18.4 15.7 9.8
406 F-Calf 11/79-6/81 9 - - 119.4 46.1 121.1 46.8 26.2 16.3
407 F-Calf 11/79-5/81 8 - - 95.8 37.0 95.8 37.0 21.4 13.3
669 F-Calf 3/81-8/81 6 - - - - 22.4 8.6 13.6 8.4
678 F-Calf 3/81-8/81 7 34.4 13.3 - - 116.5 45.0 27.8 17.2
679 F-Calf 3/81-8/81 8 13.5 5.2 1.1 0.4 40.4 15.6 11,7 7.3
685 F-Calf 3/81-8/81 6 3.9 1.5 - - 106.0 40.9 50.5 31.4
686 F-Calf 3/81-7/81 6 - - - - 39.3 15.2 18.9 11.8
689 F-Calf 3/81-7/81 5 - - - - 148.9 57.5 52,4 32.6
693 F~Calf 3/81-7/81 5 - - - - 120.8 46.6 31.0 19.3
Subtotal n=18 x 39.3 (n=30) 134.1 (n=40) 187.5 32.7 . (n=4Q)

s 6l1.1 149.8 280.2 20.7
246 F-2 yr. 3/79-8/79 6 5.9 2.3 - - 15.9 6.1 8.5 5.3
633 F-2 yr. 4/80-6/80 5 - - - - 3.6 1.4 9.2 5.7
680 F-2 yr. 3/81-8/81 5 - - 2.6 1.0 7.8 3.0 5.7 3.6
701 F-2 yr. 10/76-9/78 32 914.3 353.0 638.7 246.6 1321.8 510.4 66.6 41.4
726 F-2 yrx. 3/77-4/79 28 409.4 158.1 237.3 91.6 539.0 208.1 47,2 29.3
Subtotal n=8 T k43.2 292.9 377.6 27.4
s 445.1 321.7 575.6 27.8

617 F~Adult 4/80-8/81 28 40.4 15.6 35.5 13.7 57.4 22.1 11.3 7.0
618 F-13 yr. 3/77-5/79

4/80-8/81 41 718.4 30.3 59.6 23,0 112.4 43.4 22.8 14.2
619 F-9 yr. 4/80-7/81 23 41,1 15.9 30.3 11.7 108.2 41.8 23.9 14.8
622 F-12 yr. 4/80-8/81 25 84.2 32.5 65,0 25,1 101.3 39.1 16.1 10.0
623 F-8 yr. 8/78-12/178

4/80-8/81 17 917.4 354.2 334.6 129,2 1317.3 508.6 61.4 38.1
624 F-10 yr. 4/80-7/81 19 69.3 26.8 24.4 9.4 69.9 27.0 23.5 14.6
625 F-13 yr. 4/80-6/80 6 5.0 1.9 - - 12.8 4,9 9.7 6.0
628 F-12 yr. 4/80-7/81 22 63.4 24.5 48,1 18.6 101.9 39.4 19.2 11.9
629 F-3 yr. 4/80-8/81 22 24.6 9.5 15.9 6.2 52.2 20,2 13.1 8.1
630 F-6 yr. 4/80-8/81 23 10.3 4.0 6.4 2.5 13.6 5.2 6.2 3.8
631 F-10 yr, 3/77-4/17

4/80-8/81 24 50.5 19.5 73.8 28.5 130.8 50.5 21.0 13.0
632 F-11 yr. 4/80-9/80 14 40.7 15.7 - - 48.6 18.8 16.3 10.1
| 3 3 i ! 2 3 A i | 3
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Appendix B (cont'd)
Moose Sex-Age Period Total # Summer 1/ Winter 1/ Total 2/ Maximum
ID # at Capture Monitored 1locations Home Range Home Range Home Range length of

(mo., yr) km 2 mi 2 km 2~ mi 2 km 2 mi 2 km mi
634 F-12 yr. 4/80-8/81 21 78.8 30.4 31.6 12.2 112.1 43.3 15.6 9.7
635 F-Adult 4/80-8/81 24 26.9 10.4 69.2 26.7 164.4 63.5 34.3 21.3
636 F~4 yr. 4/80-8/81 21 65.4 25.2 58.2 22.5 83.1 32,1 15,1 15.6
637 F-Adult 4/80~7/81 23 34.9 13.5 49.3 19.0 70.4 27.2 17.0 10.6
638 F-Adult 4/80-7/81 20 . 62.8 24.3 58.5 22,6 78,6 30.3 25.1 15.6
639 F-4 yr. 4/80-7/81 22 137.1 52.9 239.4 92.5 308.0 119.0 26.5 16.5
640 F=5 yr. 4/80-5/81 21 45.3 17.5 24.4 9.4 58.7 22.6 16.0 9.9
641 F-12 yr, 4/80-7/81 25 114.7 44.3 44.9 17.3 140.8 54.4 16.6 10.3
643 F~Adult 4/80-7/81 23 54.9 21.2 62.2 24.0 102.7 40.0 21.2 13.2
644 F-Adult 4/80-8/81 21 77.3 29.8 57.8 22.3 127,5 49.2 21.3 13.2
645 F-10 yr. 4/80-8/81 21 49.7 19.2 49.5 19.1 89.1 34.4 23.4 14.5
647 F-13 yr. 4/80-8/81 26 71.5 27.6 15.1 5.8 72.4 28.0 13.1 8.1
648 F-4 yr. 4/80-8/81 22 98.4 38.0 62.8 24.2 197.0 76.1 38.7 24.0
649 F-Adult 4/80-8/81 23 14.4 5.6 9.1 3.5 16.6 6.4 8.0 5.0
650 F~4 yr. 4/80-8/81 26 238.4 92.1 101.8 39.3 420.1 162. 47.5 29.5
651 F-6 yr. 8/78-3/79 ;

4/80-8/81 23 47.3 18.3 42.6 16.5 70.9 27.4 13.4 8.3
652 F~13 yr. 4/80-7/81 24 122.8 47.4 44.0 17.0 131.4 50.7 24.4 15.1
653 F-13 yr. 4/80-7/81 22 22.1 8.5 34.0 13.1 46.5 18.0 8.6 5.4
654 F-9 yr. 4/80-7/81 20 35.9 13.9 22.7 8.7 60.7 23.4 13.0 8.0
655 F-16 yr. 4/80-7/81 21 45.6 17.5 19.8 7.6 50.0 19.3 12,6 7.8
656 F~13 yr. 4/80-8/81 18 43.6 16.8 0.4 0.2 44.3 17.1 9.3 5.8
662 F-4 yr. 3/77-10/77 ;

6/80-7/81 34 55.8 21.6 33.9 13.1 66.7 25.8 13.6 8.5
663 F-8 yr. 10/76~4/79

8/80-7/81 64 260.6 100.6 50.0 19.3 269.2 103.9 27.0 16.8
664 F-Adult 10/76-4/79

6/80-12/80 55 73.1 28,2 2388.9 922.4 2910.5 1123.8 106.3 66.1
666 F-9 yr. 3/81-8/81 7 1.3 0.5 - - 22.0 8.5 11.7 7.3
668 F-8 yr. 3/81-8/81 7 3.3 1.3 - - - 24,8 9.6 13.5 8.4
671 F-4 yr, 3/81-8/81 5 - - - - 198.1 76.5 38.4 23.8
683 F-9 yr. 3/81-8/81 7 8.6 3.3 - - 25.6 9.9 10.6 6.6
684 F-8 yr. 3/81-7/81 6 - - - - 5.8 2.2 5.8 3.6
687 F-4 yr. 3/81-8/81 5 - - 10.1 3.9 209.5 80.9 49.0 30.4
688 F-Adult 3/81-7/81 6 - - 2.1 0.8 56.0 21.6 33.2 20.7
691 F-9 yr. 3/81-7/81 6 - - - - 23.2 8.9 15.5 9.6
692 F-9 yr. 3/81-8/81 6 2.9 1.1 - - 15.8 61.2 51.1 31.7
694 F-13 yr, 3/81-7/81 7 - - 2.4 0.9 7.2 2.8 5.6 3.5
697 F~Adult 3/81-7/81 5 20.4 7.9 - - 20.4 7.9 12.4 1.7



Appendix B (cont'd)

Moose Sex-Age Period Total # Summer 1/ Winter 1/ Total 2/ Maximum
ID # at Capture Monitored locations Home Range Home Range Home Range length of
{mo., yr) km 2 mi 2 km 2 mi 2 km 2 mi 2 km mi

698 F-8 yr. 3/77-11/178 21 38.3 14.8 68.9 26.6 90.9 35.1 20.0 12.4
700 F-7 yr. 107/76-11/77 21 880.6 340.0 627.1 242.1 1353.3 522.5 66.1 41.0
702 F-7 yr. 10/76-5/79 40 148.3 57.3 173.8 67.1 567.6 219.1 43.8 27.2
703 F-10 yr. 10/76-3/79 30 193.1 74.5 93.5 36.1 261.6 101.0 24,1 15.0
7104 F-Adult 10/76-4/79 22 151.2 58.4 121.7 47.0 283.6 109.5 29.8 18.5
705 F-9 yr. 10/76-3/79 32 99.2 38.3 334.9 129.3 352.5 136.1 33.1 120.6
706 F-Adulc 10/76-4/79 42 157.1 60.7 93.6 36.1 185.2 71.5 21.8 13.6
707 F-7 yr. 10/76-3/79 43 344.5 133.0 516.6 199.5 657.4 253.8 52.9 32.9
708 F-8 yr. 10/76-4/79 39 252.1 97.3 136.8 52.8 454.1 175.4 50.0 31.0
709 F-4 yr. 10/76-3/79 29 361.3 . 139.5 111.2 42.9 390.0 150.6 30.4 18.9
710 F-6 yr. 10/76-10/77 16 39.8 15.4 33.0 12.8 59.7 23.0 13.5 8.4
711 F-7 yr. 10/76-3/79 31 143.4 55.4 48.3 18.6 151.0 58.3 17.9 11.1
712 F-7 yr. 10/76-10/78 38 628.7 242.7 20.7 8.0 717.2 276.9 61.1 38.0
713 F-9 yr. 10/76-5/78 23 42,6 16.5 51.9 20.0 81.1 31.3 13.5 8.4
714 F-7 yr. 10/76-10/78 40 268.9 103.8 246.8 95.3 411.3 158.8 33.6 20.9
715 F-Adult 10/76-4/78 21 46.2 17.8 15.0 5.8 59.9 23.1 15.7 9.7
716 F-Adult 10/76-3/79 31 118.3 45.7 32.0 12.3 149.5 57.7 24.9 15.4
717 F-4 yr. 10/76-4/79 30 287.5 111.0 224.5 86.7 377.4 145.7 33.6 20.8
718 F-7 yr. 3/77-5/79 26 544.6 210.3 143.9 55.6 544.6 210.3 39.1 24.3
719 F-4 yr. 3/77-4/79 35 96.7 37.3 14.0 5.4 104.8 40.5 16.5 10.2
720 F-12 yr. 3/77-2/79 35 565 21.8 73.6 28.4 106.7 41.2 14.9 9.3
721 F-3 yr. 3/77-3/79 25 48.2 18.6 101.2 39.1 173.0 66.8 19.7 12.2
722 F-13 yr. 3/77-3/79 28 1131.3 436.8 155.8 60.2 1182.7 456.7 99.8 62.0
723 F-8 yr. 3/77-4/80 28 53.1 20.5 28.7 11.1 64.2 24.8 12.0 7.5
724 F~13 yr. 3/71-1/79 38 163.7 63.2 215.0 83.0 271.3 104.7 34.8 21.6
725 F-4 yr. 3/77-10/79 33 1139.1 439.8 725.4 280.1 2269.0 876.1 169.4 105.2
728 F~Adult 3/77-5/79 28 197.7 76.3 12.9 5.0 236.7 91.4 35.5 22,1
729 F-7 yr. 3/77-6/79 38 122.0 47.1 81.8 31.2 172.1 - 66.4 26.8 - 16,7
730 F-11 yr. 3/771-3/79 28 47.4 18.3 64.1 24.8 121.7 47.0 19.8 12.3
731 F-Adult 3/77-4/79 35 42.0 16.2 37.9 14.6 63.3 24.4 15.1 9.4
732 F-10 yr. 3/77-3/79 25 32.1 12.4 41.0 15.8 76.1 29.4 16.9 10.5
733 F-3 yr. 3/77-3/79 26 49,9 19.3 35.0 13.5 99.4 38.4 15.8 9.8
735 F-16 yr. 8/78-3/79 8 10.5 4.1 18.4 7.1 37.7 14.5 14.4 9.0
736 F-Adult 10/77-2/79 8 - - 21.3 8.2 64.9 25.1 29.1 18.1
737 F-Adult 10/77-11/79 6 - - - - 72.7 28.1 23.7 14.7
739 F-Adult 10/77-2/79 8 16.0 6.2 18.9 7.3 53.4 20.6 12.5 7.7
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Appendix B (cont'd)
Moose Sex-Age Period Total # Summer 1/ Winter 1/ Total 2/ Maximum
ID # at Capture Monitored locations Home Range Home Range Home Range length of
(mo., yr) km 2 mi 2 km 2 mi 2 km 2 mi 2 km mi
740 F-Adult 10/77-10/78 9 12.3 4.8 8.2 3.2 32.1 - 12.4 8.9 5.5
741 F-Adult 8/78-4/79 8 - - ‘ - - 179.0 69.1 23.8 14.8
n=76 x 148.7  (n=73) 123.6 (n=85)  248.2 n=85 27.1
236.17 299.8 449.7 23.9

1) Not determined if 3 or less observations; summer = months of May, June, July,
winter = months of November, December, January, February, March and April.

2) Not determined 1f 4 or less observatioms.

August, September, and October;



