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1. SUMMARY OF RESULTS

This study describes the brown bear (Ursus arctos) and black
bear (Ursus americanus) populations in the area that would be
influenced by & 1large 2-dam hydroelectric project on the

Susitna River in southcentral Alaska. These dams would
inundate an area of 185 km? along an approximately 120-km-long
stretch of river. Estimates of levels of impact are offered

where data are adequate to make such estimates. Primary
emphasis in this study was to provide baseline data on bear
populations prior to project construction. This data could be
compared with post-project populations to provide definitive
answers on levels of impacts. Most data were based on
periodic relocations of radio-marked bears.

This study was conducted in 2 phases. During the first phase
it was learned that the Watana Impoundment would likely have a
much greater impact on populations of bears than would the
Devils Canyon Impoundment. Correspondingly, subsequent
efforts emphasized the Watana project area and relatively few
data’ were obtained on the Devils Canyon Impoundment impact
area in the second phase of studies.

1.A. Brown Bear Results

The area of the proposed project is inhabited by a large popu-
lation of brown bears. A population density of 2.79 bears/100
km2 was estimated based on capture-recapture techniques
developed during the course of this study. For brown bears,
the size of the impoundment-impact area was 'estimated to be
12,127 km2. This area included the area within 1 mean brown
bear home range diameter - from the Susitna River.
Extrapolation of the density estimate to this area provided an
estimate of the number of brown bears that would be affected
by the proposed project. This estimate was 327 Dbears
(95% CI = 295-386).

Bear use of +the impoundment area was analyzed using 3
impoundment proximity zones: 1) within the area that would be
flooded; 2) from the shoreline of the proposed impoundment to
a distance of 1 mile; and 3) from 1-5 miles from the impound-

ment shoreline. Brown bears used the area that would be
" inundated by the proposed Watana Impoundment over twice as
frequently as expected under the null hypothesis that use
occurred in proportion to the area of this =zone.  This
selection was evident for males and for females not
accompanied by cubs of the vyear. Females accompanied by
newborn cubs showed selection against the area that would be
inundated by the Watana Impoundment. Use of the impoundment
zone was most pronounced during June. Selection was also
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shown for the area that would be inundated by the Devils
Canyon Impoundment. However, compared with the Watana
Impoundment, the area that would be inundated by the Devils

Canyon Impoundment is small and overall influence would be
less. '

Data on use of impoundment proximity zones formed the basis
for my estimate that annual carrying capacity for 43 brown
bears would be eliminated due to inundation of habitat by
impoundments.

Brown bears, at least in populations that are subject to
hunting, tend to develop avoidance reactions to human
presence. This avoidance reaction and barriers to movements
associated with the impoundments and access roads are expected
to result in additional losses of habitat availability for
brown bears in the study area. No estimates of the level of
such losses are made here. However, the data on pre-project
brown bear movements collected in this study provide the basis
for making such estimates following completion of post-project
studies.

The only anadromous fish stream in the study area was clearly
identified as a seasonhally critical habitat area for brown
bears. Prairie Creek, a small tributary of the Talkeetna
River, contains the highest concentration of spawning. king
salmon (Onchorhynchus tshawytscha) in the dpper Cook Inlet
area. Salmon are easily caught by bears in this shallow creek
and brown bear movements to this stream were documented from
an area of more than 15,000 km2. Most bear use of Prairie
Creek occurred in July and early August. The proportion of
marked Su-Hydro bears .fishing for salmon in Prairie Creek
varied from 13% to 38% in different years. 1In 1984 and 1985
50-60 bears were estimated to be using the creek at 1 time.
The total number of different bears using Prairie Creek at
some time during the salmon run was larger than this by some
unknown amount. It is anticipated that' disturbance
displacement of brown bears from Prairie Creek will result
from increased human access to the stream from access roads to
and across the impoundments. The level of this disturbance-
displacement can range from slight to complete, depending on
the limitations that are placed on human uses of the Prairie
Creek area. Some of the limitations needed to assure
continued brown bear use of Prairie Creek are under the
control of the hydro-project developers. The most effective
of these limitations would be to prevent access to the south
side of the Susitna River in the vicinity of the Watana dam
site. If Prairie Creek salmon resources were to become
unavailable to project-area bears, a loss of annual carrying
capacity for about 41 bears might result.
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Reductions in annual carrying capacity for bears would likely
be expressed through reductions in bear densities and reduc-
tions in reproductive rates. For this reason baseline data on
pre-project reproductive rates were described. Separation of
mother and offspring occurred when offspring were in their 3rd
year of life (2.0+ years old). Mean reproductive interval was
at least 3.8 years. Mean age of first litter production for
females was 5.5 years (4-8). More bears (44%) produced first
litters at age 6 than at any other age. Litter size averaged
2.1 cubs (1-4), 1.7 yearlings (1-3), and 1.7 2-year-olds(1-3).
Cub mortality was 37.7% and yearling mortality was 21.6%.

Mean home range size was 1022 km2: 1941 km2? for males and 501
km2 for females. A few bears made identifiable movements to
caribou calving areas. Subadult males typically disperse from
maternal home ranges at age 2 or 3, while subadult females
typically do not disperse.

Annual brown bear harvests by hunters in the project area
averaged 32 bears/year during 1983-1985. Hunter harvests are
increasing in this area, a probable consequence of increased
hunter effort resulting from 1liberalized seasons and bag
limits.

Brown bears are effective predators on moose calves in the
study area. No differences in predation rates between
different sex and age groups were detected except that females
accompanied by newborn calves had lower predation rates

(P < 0.05). During intensive monitoring we saw radio-marked
bears on calf moose kills every 11.8 consecutive observation
days. This figure led to an estimate of 3.6 moose calves

killed by an average adult brown bear during the spring.

'Brown bears typically denned at high elevations away from the
impoundment zone. Availability of physically acceptable
denning sites was not thought to be a limiting factor in this
area, However, there was a tendency for individual bears to
den in the same general area in successive years. Displace-
ment of these individuals to denning areas of wuncertain
acceptability could result in additional mortalities or
stress. Such displacement 1is most 1likely to result from
disturbance occurring on the access road between the Denali
Highway and the Watana Dam sité. This portion of the access
road runs through good brown bear denning habitat. Further
displacement could result from equipment working in winter in
those borrow areas that are located away from the river near
good denning habitat.

1.B., Black Bear Results
Black bears were known to occur in the project area when this

project started but the population turned out to be larger
than anticipated. Correspondingly, study plans were modified
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to incorporate black bears. The black bear population in the
vicinity of the proposed project can be characterized as
typical of a population occurring in marginal habitat:
unstable in numbers from year to year with probable periodic
declines due to failure of key food crops {(notably berries in
this area), and 1low productivity. Black bear habitat is
better and bears are more abundant downstream from the
proposed impoundments. The population in the area of the
impoundments 1is an upstream extension of the downstream
population., This population lives in an increasingly narrow
finger of acceptable black bear habitat which follows the
course of the Susitna River from Devils Canyon- to near the
upper limits of the upper impoundment. Studies downstream
from the proposed impoundments were also conducted to evaluate
the hypothesis that anticipated reductions in salmon-spawning
habitat resulting from dam-induced changes in water flow
‘regimes would impact downstream bears. :

In the vicinity of the proposed impoundments black bear
habitat is largely confined to spruce-forest areas along the
river, and to adjacent shrub-lands. The size of this area,
determined from movements of radio-marked bears, is 1191 km?Z2.
A black bear density estimate of 8.97 bears/100 km2 was
obtained in a portion of this area, and extrapolated to the
whole area to obtain a population estimate of 107 black beaxrs
(95% CI = 93-122) in the project area during spring 1985. The
population at the time this estimate was made (spring 1985) -
was thought to be below maximum carrying capacity. At this
time the population may have been recovering from a decline
caused by an apparent berry-crop failure in summer 1981.

Black bears living in the vicinity of the Watana Impoundment
selected for the area that would be inundated by this impound-
ment. This preference was particularly evident in May and
June when 52% and 46%, respectively, of all locations of
radio-marked bears were within the area that would be flooded
by the impoundment. The population of bears in the vicinity
of the Watana Impoundment was estimated to be 59 bears. In
the vicinity of the Watana Impoundment, loss of annual carry-
ing capacity for 26 bears was estimated. This loss would
result from inundation. Other factors, when combined with
this loss of habitat though inundation, led me to conclude
that that a resident black bear population could probably not
survive in the vicinity of the proposed Watana Impoundment.
Transient black bears from downstream areas would probably
continue to use the area seasonally.

Selectivity for the lower (Devils Canyon) impoundment was much

less pronounced. This was because the lower impoundment would
have more black bear habitat remaining above the proposed
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impoundment shoreline. Only 3% of point locations of radio-
marked black bears were within the area that would be flooded
by the Devils Canyon Impoundment; an additional 43% were
within 1 mile of the impoundment shoreline. Under the
assumptions wused in this analysis, the Devils Canyon
Impoundment would result in loss of annual carrying capacity,
through inundation, for only 2 black bears.

Downstream from the impoundment area, black bears were found
to frequent the vicinity of sloughs used by spawning salmon.
Analysis of bear scats collected along these sloughs during
late summer revealed that salmon remains were infrequent and
that devil's club (Oplopanax horridus) berries were prevalent.
Based on these results, impacts on black bear populations
resulting from reduced availability of salmon could not be
predicted. Such impacts may occur however (especially during
yéars when berry crops fail), if salmon are an important
buffer food.

Reproductive rates for study-area black beérs were low
compared with rates from the Kenai Peninsula, the only other

.area 1in Alaska where comparable data are available. Mean

litter size was 2.1 cubs (l1-4) and 1.9 yearlings (1-3).
Offspring mortality during the first season out of dens was
35% and appeared higher in the upstream study area (47%) than
in the downstream area (6%). Such mortalities are very rare
on the- Kenai Peninsula where yearling bears weigh signifi-
cantly more than in the Su-Hydro area.. Intervals between
successive production of litters averaged at least 2.7 years.
Mean age at first litter production was 6.4 years (5-8); about
half of the bears produced their first litters at age 7.

Reported hunter harvests of black bears in  the study area
averaged 13 bears/year during 1973-1985. Black bear harvests
in the upstream study area are thought to be stable and low
because of difficulty of access. This situation will change
when roads are built to the impoundment area and after use of
the impoundment itself, by hunters in ©boats, Dbegins.
Currently, relatively few hunters are thought to be willing to
pay for a fly-in hunt for black bear.

Home ranges of black bears. averaged 134.6 km2, 251.5 km? for

males, and 67.1 km2? for females. Black bears tended to remain
in the immediate vicinity of the Susitna River during most
seasons except late summer when berries were ripening. At

this time bears tended to move into shrub-land habitats
adjacent to the forested habitats along the river to forage
for ripening  Dberries, primarily Dblueberries (Vaccinium
uliginosum). During years of berry crop failure late-summer
movements for some bears are much more extensive and suggest
the importance of this food source.




Predation rates for black bear, recorded during periods of
intensive monitoring in the spring, were 2 kills/100 consecu-
tive observation days. This rate is lower than observed for
brown bears. At this predation rate each adult black bear in
the impoundment study area would kill an average of 0.7 moose
calves/year.

Unlike brown bear dens, dens of black bears were located in
the immediate vicinity of the Susitna River. Over half of the
black bear dens in the vicinity of the proposed Watana
Impoundment would be inundated by the proposed project
compared with 3.3% of the dens in the vicinity of the Devils
Canyon Impoundment. Reuse of den sites was common in the
study area. This and other observations suggest that
competition for good den sites may be occurring at existing
black bear densities.
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5. INTRODUCTION
5.A. Project Backgrbund
5.A.1. Organization and Obijectives

This is the final report for black bear (Ursus americanus) and
brown bear (Ursus arctos) studies conducted by the Alaska
Department of Fish and Game, Division of Game, under contract
to the Alaska Power Authority as part of impact assessment
studies for the proposed Susitna Hydroelectric Project. Field
studies were conducted from 1980 through 1985; analysis was
conducted in 1986. The originally stated objectives of these
studies were:

-= To determine the distribution and abundance of black and
brown/grizzly bears in the wvicinity of proposed
impoundment areas;

-- to determine seasonal ranges, including denning areas,
and movement patterns of bears; and

-- to determine seasonal habitat use by black and
brown/grizzly bears. :

These objectives were modified and others added during the
course of study as information accumulated.

A 2-phase plan of study was developed to meet the project
objectives. The first phase (1980 and 1981) was designed to
provide an overview of bear movements in the study area. . This
overview was intended +to identify the bear uses of the
impoundment vicinity that were most likely to be affected by
project construction and to result in impacts on’ bear
populations. One progress.report (Miller and McAllister 1981)
and 1 summary report (Miller and McAllister 1982) describing
Phase I studies were prepared. Continuation studies during
Phase II (1982-spring 1985) were designed to quantify the most
significant impacts on bears during Phase I. These results
were reported in 2 progress reports {Miller 1984 and Miller
1985a) and in this final report. This report summarizes all
pertinent information collected during the project. Publica-
tion of additional analyses of peripheral information
collected during this project are planned. This analysis will
include analyses of habitat selection by bears. These
analyses were not completed for this report because project
funding was terminated Jjust as habitat-type mapping became
available. -

During Phase I of this project the proposed Watana Dam was
identified as having a relatively large potential for affect-
ing bear populations, compared with the Devils Canyon Dam




(Miller and Mc2Allister 1982). For this reason Phase 1II
studies concentrated on bear populations in the vicinity of
the Watana Dam. My plan of study did not include considera-
tion of a project design that included only the Devils Canyon
dam and such analyses are not included here.

Prediction of project impacts is a very inexact science and
little ©published work is available. Typically, impact
assessment studies do not have a follow-up phase designed to
evaluate the accuracy of the predictions that are made. 1In
this project, commitments for such follow-up work were made.
Correspondingly, my emphasis was to document, using replicable
study designs, the current bear numbers and use patterns of
the impact area. With this information available, post-
construction studies could then quantify actual impacts and
test the predictions. I have attempted to predict project
impacts whenever some reasonable basis for such predictions

could be derived. These predictions should be considered
hypotheses +that need +to be tested by post-construction

studies. These predictions are also offered as an aid in
mitigation planning. .

At the time this final report was in preparation it appeared
~ that the construction phase of the proposed project would not
soon, and may never, occur, Correspondingly, post-
construction studies designed to evaluate the impact predic-
tions may never result,.

5.A.2., Hydro Project Désign

This study was designed to evaluate impacts on bears of a
proposed 2-dam project on the Susitna River. The lower dam, a
concrete arch at Devils Canyon, would have a normal maximum
operating level of 1,445 feet above mean sea level (MSL)
(maximum = 1466 feet, minimum = 1,405 feet). The length of
the impoundment would be 41.94 km (26 miles) and it would have
a surface area of 31.58 km2 (7,800 acres) at normal maximum
operating level (NMOL). The upper impoundment, an earth/
rockfill dam at the Watana Dam site, would have a normal
maximum operating level of 2,185 feet above MSL (maximum =

2,202 and minimum = 2,054 feet). This impoundment would have
a length of 77.42 km (48 miles) and an area at NMOL of 153.85
km2 (38,000 acres). The NMOLs for each dam are illustrated in

Fig. 1 and in other figures in this report where appropriate.
Place names wused in this report are also illustrated in
Fig. 1.

5.B. Methods

Only general methods will be described here. Specific methods
pertinent to each investigated topic are described along with
the results.




©

Bears were captured with immobilization darts fired from a
helicopter. Most bears were immobilized with etorphine (M99)
but some were immobilized with Phencyclidine hydrochloride
(Sernalyn) or Ketamine hydrochloride (Vetelar) and xylazine
(Rompun) mixtures. Bears <1.0 year old were captured by hand
and were not darted. Most bears were captured early in the
year (April-June), but some were captured in August, at which
time many bears were in relatively open habitats feeding on
berries. Some black bears were immobilized in winter dens to
allow replacement of collars and to make cub counts.

During 1980 through 1985, 97 different brown bears were
captured. The total number of captures was 151, and 6 of
these captures (4.0%) resulted in inadvertent capture-related
bear mortalities. An additional 3-4 newborn cubs were
abandoned and lost, probably as a result of our capture
activities. = Capture histories of all brown bears are
presented in Table 1.

During 1978 and 1979, studies in areas adjacent to the
Su-Hydro area were conducted on wolves, bears, moose and

. vegetation. Where pertinent, references to these results are

used to supplement data collected during the course of this

- study.

-During 1980 .through -1985, 110 different black bears were
captured. The total number of captures was 171, and 7 of
these captures (4.1%) resulted in inadvertent capture-related

bear mortality. Black bear capture histories are presented
in Table 2.
All bears were marked with ear tags and lip tattoos. Bears

judged to have completed 80% or more of their growth were
fitted with radio collars (Telonics Inc., Mesa Arizona).
Radio-marked bears were periodically tracked with fixed-wing
aircraft (usually a Cessna 180 or a Super Cub) and locations
of bears were recorded on 1:63,360 scale (1 inch = 1 mile)
USGS maps. '

In general, monitoring frequency during periods when bears
were out of dens was every 7-10 days depending on weather
conditions. For specialized studies, monitoring frequencies
for individual bears were as frequent as twice daily. These
specialized studies included density-estimation techniques
(spring 1985), predation studies (springs of 1981 and 1984),
and estimates of bear numbers at Prairie Creek (summers of
1984 and 1985).

Point locations were digitized and analyzed using geoprocess-
ing software on a Data General computer system. Much of this
analysis was done on the computer system maintained by the
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Department of Natural Resources. Descriptive information
associated with each radiotelemetry point location was used to
sort these data and produce plots and figures.. Codes and
formats associated with this descriptive information are
provided in Appendix 5 of this report.
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Mike Mayberry and Dan Funselmier (Fish and Wildlife Protec-
tion) assisted in tagging during 1981. Bruce Barrett and his
staff, who were conducting Su-Hydro fisheries studies, were of
great help in providing logistic support during the downstream
scat collection portions of this study. Special thanks are
due to Senator Rick Halford for permitting us to wuse his
airstrip at Susitna Lodge to store our aviation fuel, and for
providing accommodations at Susitna Lodge. The Denali Mining
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Sener (LGL and Associates), Randy Fairbanks (Harza Ebasco) and
Richard Flemming (APA) also assisted in various ways. No
doubt I have forgotten to mention others who also assisted.
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6. THE STUDY AREAS

The area in which bears would be affected by the proposed
impoundments was defined as the study area. The size of this
area was determined from data collected in this study. The
size of this area is an important parameter, as the number of
bears that would be affected by the impoundment was estimated
by applying a density estimate, obtained in a portion of this
area, to the whole area.

6.A. Upstream brown bear study area

The initial capture locations of 53 brown bears that were
fitted with radio transmitters is illustrated in Fig. 2.
These bears were captured in an area of 2,170 km?® centered
approximately at the confluence of the Susitna River and
Watana Creek. Movements of these bears, as determined by
telemetry (2901 points during 1980-~1985), incorporated an area
totaling 13,912 km2? (excluding dispersals and atypically large
movements to den sites) (Fig. 3).

The area illustrated in Fig. 3 is 1 estimate of the size of
the impact area of the proposed impoundments. Another
estimate was obtained using the average home _range size.
Standard minimum home range grids (Mohr 1947) were used to
calculate home range sizes for individual bears and for bears
according to sex and reproductive status categories. Mean
total home range sizes for males and females were 1941 and 501
km2 respectively, (Section 7.G.3, this report). Circles of
this size would have diameters of 49,7 and 25.3 km,
respectively. The mean of these 2 diameters was 37.5 km. We
defined the area in which brown bears would be affected by the
proposed project as the area within 37.5 km on either side of
the Susitna River, from the Devils Canyon dam site to the
confluence of the Susitna and Oshetna Rivers. This area
totaled 12,127 km? (Fig. 4), a value only slightly lower than
the area, mentioned above, that was occupied by radio-marked
bears (Fig. 3). Use of an equivalent home range criterion for
each of the impoundments, considered separately, yielded an
impact area of 9,452 km2? for the Watana Impoundment, 7,121 km?
for the Devils Canyon Impoundment, and 4,425 km2? common to
both impoundments (Fig. 4).

Errors are associated with any method of identifying the area

in which impacts on bear populations would result. The biases
in the method used here result in a conservative estimate of
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the affected area's size. This is because home ranges are not
circular, as assumed, but are ellipses with (typically)
longitudinal axes perpendicular to the river. These
longitudinal axes connect spring habitats along the Susitna
River with denning habitats in the mountains away from the
river.

6.B. Upstream Black Bear Study Area

The upstream black bear study area was relatively easy to
define based on relocations of radio-marked individuals.
This is because black bear habitat is largely restricted to
the immediate vicinity of the Susitna River and its major
tributaries such as-Watana and Tsusena Creeks (Fig. 5). The
initial capture locations of 32 bears that were radio-collared
.incorporated an area of 1,120 km2 (Fig. 5). Subsequent radio
locations (N = 2195) of these bears (excluding dispersers)
incorporated an area of 2,950 km2 (Fig. 6). This area is an
overestimate of the amount of black bear habitat in the study
area as the convex polygon method of delineating home ranges
incorporates areas where radio-marked black bears were never
located (Fig. 6).

Black bear habitat in the study area was more precisely
defined using locations of all bears spotted (N = 282) and
radio-tracked (N = 2,273) during the period 1380~-1984. These
points were plotted (1:63,360 scale) and a line was manually
drawn around them such that all points were included except
those considered to represent erratic movements (N = 54 for
radio locations and 27 for locations of non-radioed bears).
This area totaled 1,191 km2 (Fig. 7).

6.C. Downstream Black Bear Study Area

The area downstream from Devils Canyon was defined as the
downstream study area. Bears were studied in this area to
determine what impacts anticipated project-related reductions
in salmon spawning habitats (especially sloughs) would have on
bear populations. Capture locations for 22 downstream black
bears that were radio-collared incorporated an area of 250 km?
(Fig. 8). Subsequent relocations (N = 616) of these bears
incorporated an area of 1,949 km2 (Fig. 9). This area was
defined as the downstream black bear study area. Unlike the
upstream black bear study area, most of the area incorporated
in the polygon illustrated in Fig. 9 is black bear habitat.
Bears that moved between upstream and downstream areas were
not included for the purposes of defining these study areas.
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7. BROWN BEAR RESULTS
7.A. Number of Bears in Impoundment Impact Zones

In Section 9 of this report I derive an estimate of the number
of bears in the impoundment impact zone (Fig. 4). This
estimate is based on extrapolation to brown bear habitat in
the impoundment impact zone, from a density estimate (2.97
bears/100 km2) obtained in part of this 2zone. The 95%
confidence interval for this density estimate is similarly
extrapolated to the impact zone without modifications designed
to reflect -the extrapolation. The resulting estimate for the
number of brown bears in the impoundment impact zone was 327
(295-386). I estimate that 68% of these bears were 2.0 years
0ld or older (Miller et al. in press, Appendix 2). This is a
larger number of bears than I estimated in previous .reports
(e.g., Miller and McAllister 1982). This difference 1is
primarily the result of estimates being based on lower bear
densities (2.44 Dbears/100 km2) estimated in 1979 in an
adjacent study area (Miller et al. 1982).

7.B. Use of Impoundment Impact Zones by Brown Bears
7.B.1. Use by season, sex, age, and reproductive status

Miller and McAllister (1982:58-60) provided a preliminary
assessment of brown bear use of impoundment area proximity
zZones; that "analysis was combined with data collected
subsequently (1980-1984) for the analysis presented here.
Three zones were identified for each impoundment area: within
the area that would be flooded by the proposed impoundments
(zone 1), within 1 mile of the normal maximum operating level
(NMOL) shoreline of the proposed impoundments {(zone 2), and
from 1 to 5 miles from the NMOL shoreline of the proposed
impoundments (zone 3). An illustration of these impoundment
impact zones is presented in Fig. 10. Data collected farther
than 5 miles from the NMOL shoreline of the proposed
impoundments ("zone 4") are also reported but not included in
the analysis. A vertical north-south 1line was drawn to
separate the 5-mile polygons of each impoundment which would,
otherwise, have overlapped.

The purpose of this analysis was to determine whether bears
were selecting for the impoundment area and, if so, at which
periods of the year selection occurred. Chi-square analyses
were used to make this determination under the null hypothesis
that the number of point locations found in each of these 3
zones was in the same proportion as the area in each zone.
Not all assumptions of the Chi-square analyses were met
because multiple observations were made of the same bear so
the data points were not independent of each other. Seasons
considered included "spring" (April 1-June 30) and the rest of
the year. Data collected in 1980 through 1984 are analyzed.
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7.B.1l,a. Watana Impoundment

In the Watana Impoundment area, brown bear use of the 3
impoundment zones was significantly different than expected
for all months lumped and in the spring (Table 3). Use of the
impoundment zone was over twice the expected values (Table 3).
No significant variations from expected values were observed
during the period July 1-March 31 (Table 3).

Brown bear males also used the 3 Watana Impoundment zones
significantly differently than was expected under the null
hypothesis (Table 4). In all months and in both periods, use
of the impoundment zone was higher than expected values (Table
4).

Brown bear females also used the 3 impoundment zones of the
Watana Impoundment differently than expected under the null
hypothesis (Table 5). This difference was significant for all
months lumped and in the spring perioed, but did not differ
from expected values during the July 1-March 31 period
(Table 5).

When a similar analysis was done for brown bear females with
cubs-of-the-year, no significant variations .from expected
values were observed for all periods lumped, or for either of
the two time periods {Table 6). This is because these bears.
tend to stay at higher elevations, well away from the impound-
ment area, during years when they have newborn cubs. I
suspect that this behavioral trait is designed to reduce
predation on their cubs, by other brown bears (especially
adult males) that are concentrated in lower-elevation habitats
early in the year. To test this hypothesis I compared the. use
of these 3 impoundment =zones (both impoundments lumped),
during years when the same set of females had cubs-of-the-year
with the years when they did not (Table 7). During years when
they had newborn cubs these bears utilized these 3 =zones
differently than during years when they did not have newborn
cubs; use of the impoundment zone was less than expected when
these females had cubs (Table 7}.

The proportion of time spent in the actual impoundment =zone
was highest during the period 1-15 June for all bears (18.4%,
Table 3), and for female bears (25.5%, Table 5}. The
impoundment zone was most heavily used by males during the
last 2 weeks of June (23.2%, Table 4). )

The percent of point locations in each proximity zone in each
month is illustrated in Pig. 11 for the Watana and Devils
Canyon impoundment areas. Comparison of these 2 impoundments
illustrates the greater degree of selectivity for the Watana
Impoundment zone than for the Devils Canyon Impoundment zone
(Fig. 11).

15



7.B.1l.a. Devils Canyon Impoundment

Similar analyses were conducted for observations within the 3
proximity zones of the Devils Canyon Impoundment but because
of the smaller sample of point-locations in this area 4&and
because of the much smaller area that is anticipated to be
flooded by the Devils Canyon Impoundment, analyses by season

were not possible. Use of these 3 zones (all months lumped)
was significantly different for females without cubs-of-the-
year and for all bears lumped., Use was not significantly

different for males (Table 8). The most significant devia-
tions from expected values were observed in zone 3, which was
used more than expected. Zone 1, the impoundment area, was
also used more than expected {Table 8). However, because zone
1 was so small in area, it had only slight use altogether
(Table 8).

7.B.2. Prediction of impacts

The above analysis demonstrates that the area to be flooded by
the proposed Watana Impoundment, as well as the area within 1
mile of the impoundment shoreline, is important habitat to
brown bears. Use of this habitat is especially intense during
the spring, but is significant throughout the year as well.

Conversion of this evident selectivity to estimates of impacts
on the brown bear population when impoundment area habitats
are no longer available is not straightforward. I suspect the
impact on brown bear populations will be expressed through
reductions in bear productivity and in population density.
Such reductions from existing population levels might not
occur or might be dampened in magnitude if there currently is
substantial excess carrying capacity which is not being used
by bears and that could be substituted for the habitat:  that
would be lost to the impoundment. Such substitutions would
have to be available during the same season. Loss of
important spring habitats where bears are foraging for roots
and new spring growth, for example, would likely not be fully
compensated for by increases (that might result from
mitigation efforts for example), in late summer food sources

(e.g., salmon or berries)}. Even if the current population is
below carrying capacity, project-related losses of carrying
. capacity need to be considered in mitigation planning. These

losses can be considered loss of bear habitat potential.

The conceptual model I used to estimate impacts from the point
location data includes the following assumptions:

1. The proportion of point locations found in a geographic

Zone represents a corresponding proportion of the bears'
total energy budget acquired from resources found in that

16




zone (this assumption will lead to an underestimate of
the importance of the 2zone 1in cases where positive
selection for that zone is occurring).

2. Substitute resources are not available (in cases where
the population is below carrying capacity this assumption
will overestimate the impact of loss of the geographic
zone) . '

3. Loss of resources that are especially heavily used during
1 season of the year cannot be made up through extra use,
at other seasons, of resources available in other =zones
(this assumption, also, will probably yield an overesti-
mate of impact).

4. Impact on habitat carrying capacity can be expressed by
summing the impacts on individuals (determined in #1).

5. Radio-marked bears in this study are representative of
the population estimated to use the impoundment impact
area (Section 7-A of this report).

6. Reduction in carrying capacity would result only from
flooding of the impoundment area; no reduction would
result from displacement to habitats along the shoreline
of the impoundment (this assumption would certainly
result in an underestimate of impoundment impacts).

Data obtained in this study were analyzed wunder these
assumptions. Nine radio-marked males and 25 radio-marked
females averaged 13.3% of point locations during the spring
period in the impoundment zone; an additional 17.0% of point
locations were within 1 mile of the impoundment shoreline
(Table 9). If, as previously estimated, the impoundment
impact zone includes 327 brown bears and 13.3% of the carrying
capacity for this population will be eliminated, a decline in
carrying capacity for an estimated 43 bears would be expected
from habitat inundation under the above-listed assumptions.

Because some substitution of resources would undoubtedly
occur, I expect that this estimated impact is more likely to
be an overestimate than an underestimate of the project's
impact resulting from inundation of habitat. This expectation
is supported by the observation that 14 of the radio-marked
bears (41%) had no point locations in the impoundment-impact
area (Table 9). Nine of these bears (26%) had no locations
within the l-mile proximity zone either (Table 9). Although
these bears may have used these zones without being detected,
it is probable that these data indicate availability of spring
food resources outside of the immediate impoundment impact
area.
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7.B.3. Mitigative Measures

Potential measures to mitigate for loss of spring foraging
habitats resulting from inundation include:

1. Increasing the abundance of foods used in the spring in
substitute areas;

2. substitution of foods utilized during other seasons for
losses of spring carrying capacity; and

3. indirect mitigation (e.g., bear habitat protection
elsewhere or transference of mitigation values to other
species).

It is uncertain if measure #2 would be efficacious. Implemen-

tation of either measure 1 or 2 would be experimental as
little is known about how to accomplish increases in bear
habitat carrying capacity (Proceedings--Grizzly Bear Habitat -
Symposium, Missoula, Montana, 1985, Intermountain Research
‘Station, Ogden, Utah, General Tech. Report INT-207 252pp.).

7.C. Disturbance-Displacement from Remaining Habitat

The degree to which brown bears are compatible with increased
human presence is not completely clear. In most areas it
appears that brown bears will tolerate the proximity of humans
better than humans will tolerate the presence of brown bears.
In large National Parks, 1like Denali National Park, where
grizzlies are not hunted and special efforts are made to
accommodate grizzly ©bear needs, bears remain abundant
regardless of high 1levels of human use. More typically,
however, increasing human activity in an area correlates with
declines in grizzly numbers (Herrero 1985; Pulliainen 1972 and
1982; Horejsi 1986; Horejsi, in press; Elgmork 1983).
Pulliainen (in press) observed that the population of bears in
Finland declined as human populations and impacts increased.
However, the decline was followed by an increase in absolute
numbers resulting from immigration from Russia. Mattson et
al. (in press) documented a retreat of grizzlies, especially
females, from roads and developments in Yellowstone National
Park. Archibald et al. (in press) also documented avoidance
by adult female grizzly bears following logging development of
an area.

Some of these declines result from humans killing bears in
both sport and nonsport circumstances. Increased killing by
spert hunters 1is a direct consequence of improvements in
accessibility and interest in hunting; increased killing in
nonsport circumstances results from intolerance or inability
of humans -to coexist with bears (Miller and Chihuly, in
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press). In addition, T suspect there is strong selective
pressure for bears in populations that are heavily hunted, to
learn to avoid man. Bears that fail to learn this behavior at
an early age are easier prey for hunters. If this theory is
correct, then increased human presence in the project area
will result in abandonment of the area by adult bears that are
displaced as a result of intolerance of people. This
abandonment may also occur in areas where bears are not hunted
(see Jope 1983), but is probably more evident in areas 1like
the project area where bear hunting occurs. Young bears that
have not learned this avoidance behavior may be especially
vulnerable to nonselective hunting effort (Bunnell and Tait
1980).

Although most bear biologists would agree that disturbance
displacement occurs, there is 1little direct gquantitative
documentation. The number of visitors to the bears' fishing
area at McNeil River State Game Sanctuary is limited. This
limitation 1is based on observations that too many wvisitors
resulted in fewer bears visiting the portion of the sanctuary
where bears were most concentrated (Faro and Eide 1974). 1In
their preliminary assessment of the effects of construction of
the Terror Lake Hydroelectric project on movements of Kodiak
bears, Smith and -Van Daele (1985) observed short-term shifts
of activity areas of individual brown bears, away from
construction sites. These authors observed no major movements -
away from construction activities and 1 bear denned within 0.4
km of an access road. Bear problems resulting from
contractors' inadequate disposal of garbage were observed in
this Kodiak study (Smith and Van Daele 1985).

7.C.1. Impoundments, access roads, and accidental mortalities

Although bears swim readily and are known to swim across
impoundments, movements across the impoundment will probably
be restrained, to some degree, compared with movements bears
currently make across the river. Simpson (1986:21) studied
movements of grizzly bears in the vicinity of the Revelstoke
Reservoir in British Columbia and noted that "grizzlies would
cross a river but not the reservoir." At Revelstoke, Richard
L. Bonar (April 18, 1985, interview transcribed by Bill
Steigers of the Susitna Project Group of LGL) noted "the
radio-collared bears [both species] haven't crossed as often
as they did before the water came up." :

Although some impact is probable, it is impossible to guess
how much movements across the river will be restrained by the
Susitna impoundments. In this study we concentrated on
documenting how frequent crossings were during the
preconstruction phase so comparisons could be made during a
post-construction study. Such comparisons will permit more
accurate predictions of effects in future impact assessment
studies.
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The number of river crossings for each radio-marked bear in
each year with >5 non-den observations varied from 0 to 10
(Table 10). Clearly, the number of documented river crossings
is directly related to frequency of observation, so the number
of observations is also provided in Table 10. For the purpose
of this analysis a "bear-year" was defined as a year in which
we obtained more than 5 radio-locations of a radio-marked bear
away from its den site. For males, crossings were observed
for 27 of 32 bear-years (84.4%); for females crossings were
observed for 38 of 77 bear-years (49.4%) (Table 10). Of 658
point locations for males, 98 (14.9%) had a documented
crossing of the Susitna River after the preceding 1location
(Table 10). Of 1,668 point locations for females, 152 (9.1%)
had a documented crossing of the Susitna River after the
preceding location (Table 10}. No doubt these values were
larger for males than for females because males had larger
home ranges and, as a result, the home ranges of a higher
proportion of males incorporated both sides of the river.
Movements of bears living north of the river to the Prairie
Creek salmon fishing area could be restrained by the
impoundment and associated facilities.

In addition to inhibiting movements across the reservoir,
movements up and down the river would likely be restricted to
some degree by inundation of tributaries. These tributaries,
such as Watana Creek (Fig. 1), can be easily crossed at
present. ’

Increased human activity in the vicinity of the impoundment
would also likely act to displace bears from habitats along
the reservoir shoreline. This disturbance would be greatest
in the vicinity @ of communities established: to house
. construction and operation workers.

Disturbance would also be significant- in the vicinity of
recreational facilities <established as outlined in the

recreational plan. The objective of these facilities is to
provide increased recreation opportunities for as many people
as possible. I suspect this objective is inimical to

maintaining the present population of adult brown bears in the
prcject area. The area affected by the proposed recreation
plan is much 1larger than the area that would be directly
affected Dby impoundments and construction facilities.
Anticipated recreational developments and trails are expected
to be built many miles away from the dam sites, reservoirs,
and access roads.

The proposed route of the access road (Fig. 1) is in heavily
used brown bear habitat along most of its length from the
Denali Highway to the Devils Canyon dam site. This route
would bisect the home ranges of many brown bears. Miller and
Ballard (1982b) noted that movements of transplanted brown
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bears appeared to be inhibited by roads and it is probable
that the access road would also modify normal bear movements
in the impoundment area. Smith and Van Daele (1985) observed
little displacement of brown bear by traffic on roads built
for construction of the Terror Lake hydroelectric project.

Increased human presence in brown bear habitat is 1likely to
result in additional mortalities of bears through killing of
nuisance or dangerous bears (Miller and Chihuly, in press,
Appendix 3) and accidents. Such mortalities and problems were
observed for both species of bears during construction of the
trans-Alaska o0il pipeline (Follmann and Hechtel, in press).
Many of these problems resulted from feeding of bears and from
inadequate garbage disposal {(Follmann and Hechtel, in press).
During construction of the Terror Lake hydroelectric project
on -Kodiak Island no mortalities from these causes were
documented but bear problems resulting from inadequate garbage
disposal were observed (Smith and Van Daele 1985).

7.C.2. Levels of impact and mitigation measures

Maximum estimated level of impact from disturbance displace-
ment was estimated in the same manner as lo