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ABSTRACT

In February 1988, 146 caribou were reintroduced to the Nushagak
Peninsula. From 1988 to 2013, radio collars were deployed on female
caribou and monitored monthly. High calf recruitment and adult female
survival allowed the population to grow rapidly (r = 0.226), peaking at
1,399 caribou in 1997. Population density on the Nushagak Peninsula
reached approximately 1.2 caribou per km? in 1997 and 1998. During the
next decade, calf recruitment and adult female survival decreased and the
population declined (r = -0.105) to 546 caribou in 2006. The population
remained at about 550 caribou until 2009 and then increased to 902 by
2012. Subsistence hunting removed from 0-12.3% of the population
annually from 1995-2012. Decreased nutrition and other factors likely
caused an unstable age distribution and subsequent population decline
after the peak in 1997. Dispersal, disease, unreported harvest and
predation implications for caribou populations are discussed.

INTRODUCTION

Historically, a large caribou (Rangifer tarandus granti) herd roamed the coast of the
Bering Sea from Bristol Bay to Norton Sound (Skoog 1968). Archaeological excavations
near the village of Togiak suggested caribou were important to the Native population
during the period A.D. 1000-A.D. 1700 (Kowta 1963). In 1818, numerous large caribou
herds were also observed around the headwater lakes of the Igushik River (VanStone
1988). In 1880, “large droves of reindeer (caribou) still roam over the mountains” near
Cape Newenham (Petroff 1884). While still present in the upper Kuskokwim drainage
(Capps 1929), caribou were absent in the Togiak and Goodnews drainages as early as
1900. Reindeer were brought to the Bristol Bay mainland in the early 1900’s and several
herds became established in the vicinity of the Nushagak Peninsula (Stevenson 1941,
Madenwald 1992). However, the industry had failed by the mid 1940’s.

Caribou from the Northern Alaska Peninsula Herd were reintroduced to the Nushagak
Peninsula in February 1988, after an absence of more than 100 years (Hotchkiss 1989,
Paul 2009). The purpose was to reestablish a herd in the area which would eventually
provide local residents with the opportunity to hunt caribou. The Nushagak Peninsula
Caribou Herd grew rapidly from 146 reintroduced caribou to >1,000 by 1994 (Hinkes and
Van Daele 1996, Hinkes et al. 2005). The dramatic growth of the herd was attributed to
the initial high percentage of females in the herd, high calf production and survival,
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pristine range condition, few predators, and no hunting until 1995. The population
continued to grow from 1994 to 1997, but at a lower rate. The herd peaked at 1,399
caribou in 1997. Population density on the Nushagak Peninsula reached approximately
1.2 caribou per km? in 1997 and 1998. By 2000, the herd had declined to 1,037 caribou
(Aderman and Woolington 2001, Collins et al. 2003). The herd further declined to 550
caribou by 2006 and stayed at this level until 2008 (Aderman 2009). Season length and
harvest limit have varied since hunting was initiated in 1995. The herd is managed under
the auspices of the Nushagak Peninsula Caribou Management Plan (U. S. Department of
Interior 1994) and regulations promulgated by the Federal Subsistence Board (FSB).
Continued monitoring of Nushagak Peninsula Caribou is essential in developing
regulatory proposals and recommendations to the FSB/Alaska Board of Game and relates
directly to two of the purposes for which Togiak Refuge was created; restoring large
mammal populations and providing opportunities for continued subsistence uses by local
residents. Study objectives were to monitor population size, calf production, fall sex and
age composition, subsistence harvest, and survival of females. These objectives are
ongoing efforts that began in 1988 and are expected to continue indefinitely (Aderman
2011b).

STUDY AREA

The primary study area was the Nushagak Peninsula, located in northern Bristol Bay
(Fig. 1). On occasion, caribou were located in the area ~15 km north of the lower Igushik
River and as far west as the village of Twin Hills. The Nushagak Peninsula proper (the
land south of the Igushik River, Tuklung River and Tuklung Hills, west to Tvativak Bay)
is approximately 1,100 km? consisting primarily of lowland tundra and wetlands, most of
which was considered good caribou habitat (Hinkes and VVan Daele 1993). Dominant
vegetation classes (level 111 in Viereck et al. 1992) include sedge-shrub wet meadow;
sedge wet meadow; lichen-sedge tundra; and sedge-lichen tundra (Johnson 1994). The
majority of uplands are within Togiak National Wildlife Refuge. Large carnivores
include brown bears (Ursus arctos), wolves (Canis lupus) and coyotes (C. latrans).
Moose (Alces alces gigas) occur in the northern most portion of the Nushagak Peninsula.
Climate is primarily maritime influenced with temperatures ranging from an average
minimum of -16° C in January to an average maximum of 16° C in July. Total annual
precipitation averages 60 cm with 150-180 cm annual snowfall (U. S. Department of
Interior 1986).

METHODS

Capture and Radio Collaring
Caribou were monitored using radio-telemetry. Fixed wing aircraft (PA-18 Super Cub or
Cessna C185) were used to locate caribou groups and monitor darted individuals. Female

2




Nushagak Peninsula Caribou Monitoring, Togiak National Wildlife Refuge, U. S. Fish &

Wildlife Service

3
=
@
¥
=
Sl
L
%
Kulukak
Bay
v
Tvativak
Bay
Bristol Bay

/4

o :‘,A "1(‘\,
'4,9. & Q'I N g @

N

Aleknagik

Pillingham
L)

=

4/@,. dManokotak Py

\:fj' L\%‘S
{ > “

Clark's
Point

Ekuk

Nushagak Bay

0 8 16 Kilometers

8
e = e —

Figure 1. Location of primary study area (shaded), Nushagak Peninsula, southwestern

Alaska.

caribou, 10-11 months old, were pursued with a Robinson R44 helicopter and darted with
a mixture of 1.5 mg carfentanil citrate (Wildlife Pharmaceuticals, Fort Collins, Colorado,
USA) and 20 mg xylazine HCI (Cervizine®, Wildlife Pharmaceuticals, Fort Collins,
Colorado, USA) in a 1 cc dart with a 1.9 cm barbed needle fired from a CO, powered
Cap-Chur (Palmer Cap-Chur Inc., Powdersprings, Georgia, USA) pistol (Valkenburg et
al. 1999) or .22 blank powered Pneu-dart rifle (Pneu-dart, Inc., Williamsport,
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Pennsylvania, USA). Body weights were obtained using a scale (Hanson) conjoined to a
weighing net (with caribou secured inside) and pole, one end of which was manually
lifted until the caribou was clear of the ground. Two-sample t-tests (2-tailed, « = 0.05, S
< 0.30) were used to test for differences in mean calf weights between capture periods.
Weight was not obtained if a caribou had an elevated body temperature or irregular
respirations.

Each immobilized caribou was fitted with a VHF radio collar (Telonics Inc., Mesa,
Arizona, USA) with a motion-sensitive mortality switch on 5.5 hour delay. A blue vinyl
visual collar with a unique yellow number was attached to the radio collar belting. Age
was verified by visual examination of the state of eruption of the incisiform teeth (Miller
1974). Immobilized caribou were reversed with 150 mg Naltrexone HCI (Trexonil®,
Wildlife Pharmaceuticals, Fort Collins, Colorado, USA) intramuscularly, and 200 mg
Tolazoline HCI (Tolazine®, Lloyd Laboratories, Shenandoah, lowa, USA) intravenously.
Previous to 2000, a Hughes 500 helicopter with a skid-mounted net gun was used to
capture caribou for reintroduction and radio collaring (Hotchkiss 1989, Hinkes and Van
Daele 1996). Each collared caribou was assigned a unique identification (ID) number.

Radio Tracking

Radio-collared caribou were tracked on a monthly basis, using fixed-winged aircraft.
During the calving period females >2 years old were monitored weekly until parturition.
Caribou locations were obtained by onboard Global Positioning System (GPS). Radio
frequency, group size, GPS location, and calf association were recorded on a field data
form and entered into a database (Microsoft Access) at Togiak Refuge headquarters.

Calf Production and Chronology

Radio-collared females were considered parturient if observed with a calf at heel anytime
from late May to mid-October. In a few instances, females with hard antlers in late May
to early June were also considered parturient even though no calf was observed (Whitten
1995). Age specific natality rates were calculated for 2-, 3-, 4-, and >5-year old females
by combining all years in which those age classes were represented. Fisher’s Exact Test
was used to test for differences in calf production rates between age classes and within
individual age classes and groups (>3 years old) prior to population peak (1992-1997)
and after (1998-2009). The relationship of nutritional status and natality was examined
with a two-sample t-test by testing for differences in body weight of 10-month-old
females observed with and without calves at 2 years old. In all cases, P < 0.05 was
considered statistically significant. Annual calf production was calculated as the sum of
all calves observed in association with radio-collared adult (>3-years old) females
divided by the number of radio-collared adult females multiplied by 100. Calf birth date
was the mid-point between the dates a female was last seen without a calf and when first
observed with a calf. Mean calving is defined as the date by which >50% of calves were
born. Chronology data from 1992-1999 and 2000-2012 was pooled for comparison.

Sex and Age Composition
In early to mid-October, fixed-wing aircraft were used to locate caribou and direct the
survey crew to unclassified groups. A Robinson R44 helicopter served as the platform
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for classifying caribou age and sex. A front seat observer classified caribou as calves,
females or males speaking simultaneously into a voice-activated microphone and audio
cassette recorder. Males were further classified as small, medium or large based on antler
characteristics. The target composition sample size was >50% of the estimated
population. Audio tapes were transcribed and totals for each sex and age class summed.
The number of females was divided into 100 and this quotient was then multiplied by the
number of males and calves to get ratios of each to 100 females.

Female Survival

Radio collars with built-in mortality sensors were deployed on Nushagak Peninsula
caribou since 1992 and were tracked monthly via aerial telemetry. Radio collars used
prior to 1992 did not have mortality sensors. Attempts were made to get visual
confirmation of all instrumented animals on each telemetry survey, especially those
thought to have died. For confirmed mortalities, the midpoint between dates last known
alive and first known dead was used as the date of death unless evidence indicated
otherwise. For some mortalities (hunter kills), the exact date of death was known. Cause
of mortality was determined based on examination of the site of death.

Annual (14 May-13 May) survival rates (and 95% confidence intervals) of female
Nushagak Peninsula caribou were calculated using the Kaplan-Meier survival estimator
with hunting mortalities included and excluded. Caribou deemed missing or dead from
capture related causes were censored from the survival analysis. Caribou were deemed
missing when their radio signal was no longer heard and there were no subsequent
resightings of their visual collar. Caribou dying within 30 days post-capture were
classified as capture-related mortalities (Beringer et al. 1996).

Population Estimate

Population size was estimated by counting caribou in aerial photographs of post-calving
aggregations and by winter transect surveys. During late-June to mid-July, telemetry was
used to locate radio-collared animals and oblique aerial photographs were taken (300-400
m above ground level) of groups >50 caribou. A minimum estimate was obtained by
summing the number of caribou observed but not photographed and those counted in the
photograph(s). During late winter when there was complete snow cover and suitable
flying/observing conditions a total count technique was used on the Nushagak Peninsula
proper. A Cessna C185 with two observers and pilot and/or a Piper PA18 with one
observer and pilot, flew 150-200 m above ground level at 100-210 kph ground speed over
latitudinal transects spaced 1.85 km apart. Transects varied in length and began at 58° 24
N and ended on 58° 50' N. Odd-numbered transects were flown west to east while even-
numbered transects were flown east to west (Fig. 2). Both observers and pilot searched
for caribou within 1 km of the aircraft. Occasional deviations from a transect line were
made to obtain a more accurate count, especially for distant or groups >50 caribou. A
GPS was used in navigating and allowed accurate return to transect departure points. In
some years, 1-2 radio-collared caribou were not on the Nushagak Peninsula proper when
a count was conducted. Conventional radio tracking was used to locate and count these
and other caribou associated with them. The exponential rate of increase (Caughley
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1977) was used to quantify changes over time for the total Nushagak Peninsula caribou
population counted during winter.

Ve
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Figure 2. Nushagak Peninsula caribou winter population transects and census route,
southwestern Alaska.

Subsistence Harvest
Hunting for Nushagak Peninsula caribou is managed under regulations set by the Federal
Subsistence Board. The Togiak Refuge Manager, in consultation with the Nushagak
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Peninsula Caribou Planning Committee, determined the number of federal registration
caribou permits to be made available to villages with a positive customary and traditional
use determination for this resource. Tribal Councils administered the permits in their
respective villages. Hunters (permittees) were required to report on the outcome of their
hunt, regardless of whether or not they hunted. Reported harvest was determined by
returned hunt reports and telephone inquiry of non-responders.

RESULTS AND DISCUSSION

Capture and Radio Collaring

Radio collars were deployed on >32-month old females (n = 18) and males (n = 2) at
reintroduction. During 13 subsequent capture events from 1992-2013, radio collars were
deployed on 10-month old (n = 122); 22-month old (n = 5) and >34-month old (n = 17)
females (Table 1).

Figure 3. Radio-collared 10-month old Nushagak Peninsula female caribou.

Average weights of 10-month old females ranged from 48.0-57.1 kg from 1995-2013
(Table 2). The high end of this range occurred in 1995, presumably when caribou were
on a high plane of nutrition, and was significantly different from four other years. The
next highest average weight occurred in 2003 and was only different from that of 2006,
the lowest average weight. The winter of 2002-2003 was extremely mild with very little
to no snow cover and no hunting pressure. Although most comparisons favored
accepting the null hypothesis that there were no annual differences between mean calf
weights, power was unacceptably low, due in part to low sample sizes.
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Table 1. Estimated age of female Nushagak Peninsula caribou at time of collar
deployment, 1988-2013.

Age (months) at capture

Year 10 22 34 46 58 >70 Total
1988° 1 14 3 18
1992 5 8 2 1 16
1995 10 10
1997 13 2 1 3 19
2000 10 10
2001 10 10
2002 10 10
2003 8 8
2004 16 16
2006 15 15
2007 12 12
2008 9 9
2012 5 5
2013 4 4
Total 122 5 11 16 1 7 162

%captured 4-15 Feb from Northern Alaska Peninsula herd and relocated to
Nushagak Peninsula

Table 2. Average weights of 10-month old Nushagak Peninsula female caribou,
1995-2013.

Year n Weight (kg) Different® from years
1995 15 57.1 2000, 2002, 2004, 2006
1997 10 50.9
2000 10 49.2
2001 10 51.5
2002 10 49.2
2003 9 55.7 2006
2004 12 50.9
2006 15 48.0
2007 8 514
2008 6 52.0
2012 4 51.6
2013 4 514
%P < 0.05and 5 <0.30
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Radio Tracking
Overall 7,330 locations were obtained of 162 radio-collared female caribou from 19
February 1988 (first flight after reintroduction) to 13 May 2013.

Calf Production and Chronology

Since 1990, calf production has averaged 86.3/100 adult females and has ranged from a
low of 68.8 calves in 2006 to 100 calves in 1990. Calf production by 2-year old females
has varied greatly (0-100/100 2-year old females per year) and has averaged 28.0
calves/100 females since 1992. There was no difference (P = 0.95) in weights of 10-
month old calves that produced calves as 2-year olds than those that did not (Table 3). In
the Denali caribou herd, those that produced calves as 2-year olds averaged 5.0 kg
heavier at 10 months of age than those that did not (Adams and Dale 1998a). Calf
production increased with age of females (Table 4). Three-year old females produced
significantly more calves than 2-year olds (P = 0.000). Within specific age classes (2-, 3-
, and 4-year olds), no significant differences were detected in comparing calf production
prior to population peak and after (P = 0.501, 0.320, and 0.171 respectively). However,
radio-collared females >3-years old during 1992-1997 produced significantly more calves
than females >3-years old did during 1998-2009 (P = 0.003).

Peak calving occurred by 25 May for the period 1992-2012. During the period 1992-
1999, onset of calving varied from 13-21 May, peaked by 24 May, and was completed by
29 May-6 June. During 2000-2012, onset of calving varied from 19-27 May, peaked by
26 May, and was completed by 29 May-13 June (Fig. 4). Radio-collared females during
the period 1992-1999 were likely on a higher plane of nutrition and their average age was
greater than that of females monitored during 2000-2011. Timing and synchrony of
caribou parturition in other populations were attributed to spring plant phenology (Post et
al. 2003) and age and physical condition of breeding females in autumn (Adams and Dale
1998b).

Table 3. Body weights of radio-collared 10 month old female caribou relative to
reproductive status at 2-years old during 1995-2009, Nushagak Peninsula, Alaska.

Age at Reproductive Body weight (kg)
capture status at 2-yr Mean SE Range n t P
10 months ~ Parous 51.6 1.4 42-61 16

Nonparous 51.7 0.7 41-63 49 0.06 0.95
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Table 4. Age specific calf production by radio-collared Nushagak Peninsula caribou, southwestern Alaska, 1990-2012.

Age of radio-collared caribou

2-years old 3-years old 4-years old >5-years old Total >3-years old

With  Number With  Number With  Number With  Number With Number

Year calf  of radios calf  of radios calf  of radios calf  of radios calf of radios
1990 0 0 0 0 0 0 15 15 15 15
1991° 0 0 0 0 0 0 11 11 11 11
1992 5 5 8 8 2 2 12 12 22 22
1993 0 0 5 5 8 8 15 15 28 28
1994 0 0 0 0 5 5 20 21 25 26
1995 0 0 0 0 0 0 20 20 20 20
1996 0 8 0 0 0 0 12 14 12 14
1997 0 0 8 10 0 0 11 15 19 25
1998 3 12 0 0 4 6 8 9 12 15
1999 0 0 8 11 0 0 11 13 19 24
2000 0 0 0 0 6 7 4 4 10 11
2001 0 5 0 0 0 0 9 11 9 11
2002 5 7 3 3 0 0 9 9 12 12
2003 2 5 4 5 2 3 4 6 10 14
2004 1 4 4 4 3 4 5 7 12 15
2005 1 11 3 4 3 3 5 5 11 12
2006 0 0 5 8 1 2 5 6 11 16
2007 0 7 0 0 7 8 2 4 9 12
2008 2 9 6 7 0 0 6 9 12 16
2009 4 9 8 9 6 6 7 8 21 23
2010 0 0 6 9 7 8 8 11 21 28
2011 0 0 0 0 8 9 15 18 23 27
2012 0 0 0 0 0 0 21 25 21 25
Total 23 82 68 83 62 71 235 268 365 422

411 of 14 radio-collared females observed with a calf on 22 October
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Figure 4. Calving chronology of radio-collared Nushagak Peninsula caribou, southwestern Alaska, 1992-2012.
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Sex and Age Composition

Initial herd composition at reintroduction was 82.2% females, 9.6% males (11.7 males/100
females) and 8.2% calves (10.0 calves/100 females). These ratios changed dramatically in the
first 4.5 years (Hinkes and Van Daele 1996). The calf/female ratio was highest (71.6 calves/100
females) in 1992 when the first composition survey was conducted and then gradually declined
(Fig. 5). Calf/female ratios fluctuated around 36 calves/100 females during 2000-2006.
Calf/female ratios increased to an average of 44.7 calves/100 females during 2007-2012.
Male/female ratios reached a high of 71.3 males/100 females in 1994, and then declined linearly
to 31.3 males/100 females in 2006. From 2007-2012, male/female ratios have averaged 42.2
males/100 females.
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Figure 5. Estimated fall male and calf to female ratios, Nushagak Peninsula Caribou
Herd, 1992, 1994, and 1997-2012.
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Female Survival

Since reintroduction, average annual survival rate with hunting mortality included was 0.876
(range 0.64-1.0) (Fig. 6; Table 5); with hunting mortality (n=28) excluded was 0.915 (range
0.741-1.0) (Fig. 7). The influence of hunting mortalities on survival rates varied annually (Fig.
8). The first legal hunting season occurred 1 January-31 March 1995. However, the first
hunting related mortality of a radio-collared female occurred in February 1996. Of 162 female
caribou radio-collared during 1988-2013, 17 capture-related mortalities were excluded from
both survival analyses. During this same time period, 28 other radio-collared caribou were
censored beginning in the period after they were deemed missing.

For those caribou considered to be capture-related mortalities (caribou dying <30 days post-
capture), it is probable that some were caused by predation. Ten of the 17 caribou classified as
capture-related mortalities were relocated 1-3 times and observed with other caribou before
dying; 6 of which moved from 16.4-50.2 km straight line distance between consecutive
relocations. Censoring all mortalities <30 days post-capture may inflate survival rates.
Alternatively, not censoring some of the capture-related mortalities believed to be predation-
related would decrease survival rates reported above.

Causes of death were: 54.5% (n = 48) from unknown causes; 31.8% (n = 28) from hunting;
11.4% (n = 10) from predation; and 2.3% (n = 2) from other causes (Fig. 9). Mortalities have
occurred in every month with the highest number dying during March (n = 24) and September (n
=17) (Fig. 9).
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Figure 6. Annual survival estimates (Kaplan-Meier) and 95% confidence intervals for female
Nushagak Peninsula caribou (1988-2012) in Togiak National Wildlife Refuge (hunting
mortalities included).
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Table 5. Annual survival estimates (Kaplan-Meier) and 95% confidence intervals for female
Nushagak Peninsula caribou (1988-2012) in Togiak National Wildlife Refuge (hunting
mortalities included).

# at # # Lower 95% Upper 95%
Year Risk Mortalities Censored Survival Cl Cl
1988 17 0 0 1 1 1
1989 17 0 1 1 1 1
1990 16 1 1 0.938 0.823 1
1991 14 1 0 0.929 0.799 1
1992 29 1 0 0.966 0.900 1
1993 28 1 0 0.964 0.897 1
1994 27 2 0 0.926 0.831 1
1995 35 8 3 0.771 0.649 0.894
1996 24 2 2 0.917 0.811 1
1997 38 7 1 0.816 0.705 0.927
1998 30 4 1 0.867 0.753 0.980
1999 25 9 3 0.640 0.489 0.791
2000 21 2 1 0.905 0.785 1
2001 27 7 1 0.741 0.599 0.883
2002 24 1 2 0.958 0.880 1
2003 28 6 0 0.786 0.651 0.920
2004 35 6 4 0.829 0.715 0.942
2005 25 7 3 0.720 0.571 0.869
2006 27 7 0 0.741 0.599 0.883
2007 32 3 3 0.906 0.810 1
2008 35 1 2 0.971 0.917 1
2009 32 4 0 0.875 0.768 0.982
2010 28 1 0 0.964 0.897 1
2011 27 2 0 0.926 0.831 1
2012 30 5 0 0.833 0.712 0.955

Population Estimate

The Nushagak Peninsula caribou herd experienced 6 phases of growth (Fig. 10). These were:
(1) During 1988-1994, growth was rapid (r = 0.322) and exceeded the maximum theoretical
potential of r = 0.29-0.30 as described by Bergerud (1980) and Bergerud et al. (1983). (2)
During 1994-1997, growth slowed considerably to r = 0.082 (Hinkes et al. 2005); and (3) from
1998-1999 growth was flat (r =-0.013). (4) The period 1999-2006 was characterized by
declining abundance (r = -0.133) followed by (5) another period of flat growth from 2006-2009
(r =-0.006). (6) From 2009-2012 the herd increased (r = 0.129).

The population increase and subsequent decline in Nushagak Peninsula caribou is similar to that
experienced by the much larger Mulchatna caribou herd which grew rapidly during the 1980°s
and 1990’s, peaked at about 200,000 animals in 1996-1997, and then declined to about 45,000
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caribou by July 2006 (Valkenburg et al. 2003, Hinkes et al. 2005, Woolington 2005, Alaska
Department of Fish and Game 2007 ).
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Figure 7. Annual survival estimates (Kaplan-Meier) and 95% confidence intervals for female

Nushagak Peninsula caribou (1988-2012) in Togiak National Wildlife Refuge (hunting
mortalities excluded).
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Figure 8. Comparison of annual survival estimates (Kaplan-Meier) for female Nushagak

Peninsula caribou (1988-2012) with hunting mortalities excluded and included from survival
estimates.
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2012.
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Age structure changes are hypothesized to be related to population declines in both herds (B.
Dale, Alaska Department of Fish and Game, personal communication). Under this scenario,
the rapid growth of both caribou herds resulted in multiple large cohorts of old, less
productive females. Nushagak Peninsula caribou produced many large groups (cohorts) of
calves during the 1990°s while at the same time deaths were relatively few. The males from
these large cohorts would have been expected to start dying at age 5 or 6. This is supported
by the decline in ratios observed starting in 1998 (Fig. 5). Females live longer and
experience higher rates of mortality beginning around age 10. This means that the first
sizeable cohorts, perhaps 50-75 female calves produced in 1990 and 1991, would have been
reaching old age in the year 2000. Beginning in 1999, fall calf recruitment rates declined
noticeably. Declines in calf recruitment failed to replace these older cohorts as they began
dying off and both caribou populations decreased.

Subsistence Harvest

Regulations enacted by the Federal Subsistence Board in 1994 afforded hunters from nearby
communities an opportunity to harvest Nushagak Peninsula caribou. Residents of Aleknagik,
Clark’s Point/Ekuk, Dillingham, Manokotak, Togiak, and Twin Hills were found to have a
positive customary and traditional use for caribou on the Nushagak Peninsula. The area open
for hunting was on federal public lands in that portion of Game Management Units 17A and
17C consisting of the Nushagak Peninsula south of the Igushik River, Tuklung River and
Tuklung Hills, west to Tvativak Bay as described in 50 CFR 100.26. Eligible hunters were
required to possess a current State of Alaska resident hunting license and Federal
Registration caribou permit(s).

The first hunting season for Nushagak Peninsula caribou occurred 1 January—31 March 1995.
A total of 100 caribou permits were made available and were issued to hunters by the
Traditional Council in each community. Thirty-five caribou were reported harvested,
including 10 females, 19 males and 6 of unknown sex. Manokotak residents harvested 25
caribou; Dillingham 5, Aleknagik 3, and Togiak and Twin Hills each reported 1. Three
caribou were harvested in January, 1 in February, 25 in March and 6 were unknown.

Hunting seasons for Nushagak Peninsula caribou have occurred every year since 1995,
however, as the caribou population changed, so did the opportunity (season length, harvest
limit, available permits) for subsistence hunters to harvest them (Table 6). A total of 868
caribou have been reported harvested since hunting began in 1995. Hunters from Dillingham
and Manokotak harvested the majority of caribou (Table 7). Most caribou were harvested in
March (Table 8). Males comprised 52.3% of the harvest; females 42.9%, and unknown sex
4.8%. During fall hunts, hunters accessed the Nushagak Peninsula via boat or airplane while
during winter hunts, snowmachines were used almost exclusively. Reported harvests
removed <12.3 percent of the population annually from 1995-2012.
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Table 6. Regulatory history for caribou hunting on the Nushagak Peninsula, 1987-1988 to 2012-

2013.
Regulatory Open Harvest Permits
year season(s) limit available
1987-1988 to
1993-1994 No Open Season
1994-1995 1 Jan-31 Mar 1 caribou 100
1995-1996 1 Dec-31 Mar 1 caribou 300
1996-1997 1 Aug-31 Aug 1 caribou 100
1 Dec-31 Mar 200
1997-1998 1 Aug-31 Aug 2 caribou 104
1 Dec-31 Mar 196
1998-1999 to 1 Aug-30 Sep 2 caribou 104
2001-2002 1 Dec-31 Mar 196
2002-2003 1 Aug-30 Sep 2 caribou 104
1 Dec-31 Mar 1 caribou 47
2003-2004 1 Aug-30 Sep 1 caribou 50
1 Dec-31 Mar 1 caribou 50
2004-2005 to 1 Aug-30 Sep 1 caribou 50
2005-2006 1 Dec-31 Mar
2006-2007 15 Feb-31 Mar 1 caribou 5
2007-2008 11 Feb-31 Mar 1 caribou 5
2008-2009 16 Feb-20 Mar 1 caribou 10
2009-2010 15 Feb-31 Mar 1 caribou 20
2010-2011 1 Feb-31 Mar 1 caribou 50
2011-2012 1 Aug-30 Sep 1 caribou 5
1 Feb-31 Mar 2 caribou 115
2012-2013 1 Aug-30 Sep 2 caribou 30
1 Dec-31 Mar 176
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Table 7. Nushagak Peninsula caribou reported harvest by community, regulatory years 1994-
1995 to 2012-2013.

Community

Regulatory Clark’s Pt/ Twin

Year Aleknagik Ekuk Hills Togiak Dillingham Manokotak  Total
1994-1995 3 0 1 1 5 25 35
1995-1996 0 0 0 0 2 50 52
1996-1997 1 0 0 0 10 9 20
1997-1998 4 0 0 0 38 25 67
1998-1999 0 0 0 0 45 10 55
1999-2000 1 0 0 6 40 16 63
2000-2001 0 0 0 0 107 19 126
2001-2002 5 0 0 0 76 46 127
2002-2003 0 0 0 0 0 3 3
2003-2004 0 0 0 0 7 27 34
2004-2005 0 0 0 0 2 7 9
2005-2006 1 0 0 0 0 10 11
2006-2007 -8 0 0
2007-2008 0 0
2008-2009 8 8
2009-2010 1 6 11 18
2010-2011 11 10 24 45
2011-2012 17 0 15 22 32 86
2012-2013 26 0 4 4 38 37 109

Total 70 0 5 26 408 359 868

% 8.1 0.0 0.6 3.0 47.0 41.4 100.0

®no permits available

In addition to regulations for this herd, hunting effort was influenced by travel conditions,
availability and opportunity for Mulchatna caribou and moose, and economic factors.
Caribou harvests peaked in 2001 and 2002, likely due to excellent travel conditions, few
Mulchatna caribou within range of Dillingham, and liberal regulations. During the winter of
2002-2003 an absence of snow made access difficult and no caribou were reported harvested.

The Togiak Refuge Manager worked with the Nushagak Peninsula Caribou Planning
Committee in determining harvest opportunities for this herd. The Planning Committee was
comprised of representatives from the Bristol Bay Native Association, Choggiung Limited,
Nushagak Fish and Game Advisory Committee, Alaska Department of Fish and Game,
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Togiak Refuge, and the Traditional Councils of Manokotak, Togiak, Twin Hills, Dillingham,
Aleknagik and Clark’s Point.

Table 8. Chronology of reported caribou harvest on the Nushagak Peninsula, regulatory years
1994-1995 to 2012-2013.

Regulatory Month

Year Aug Sep Dec Jan Feb Mar Unknown Total
1994-1995 NS* NS NS 3 1 25 6 35
1995-1996 NS NS 3 0 5 43 1 52
1996-1997 5 NS 0 0 2 13 0 20
1997-1998 5 NS 0 2 25 35 0 67
1998-1999 0 2 0 0 0 50 3 55
1999-2000 0 0 0 2 7 54 0 63
2000-2001 0 6 0 0 22 98 0 126
2001-2002 0 3 0 0 9 115 0 127
2002-2003 3 0 0 0 0 0 0 3
2003-2004 2 3 0 0 0 29 0 34
2004-2005 1 0 0 0 0 8 0 9
2005-2006 1 1 0 0 0 9 0 11
2006-2007 NS NS NS NS 0 NS 0 0
2007-2008 NS NS NS NS 0 0 0 0
2008-2009 NS NS NS NS 5 2 1 8
2009-2010 NS NS NS NS 13 14 1 18
2010-2011 NS NS NS NS 18 27 0 45
2011-2012 0 2 NS NS 20 64 0 86
2012-2013 6 3 0 5 6 89 0 109

Total 23 20 3 12 123 675 12 868

% 2.6 23 0.3 1.4 14.2 77.8 1.4 100.0
®No Season

Management Implications

The Nushagak Peninsula herd peaked at 1,400 caribou 10 years after reintroduction of 146
animals in 1988. Abundant and high quality forage, few predators, and the initial high
percentage of females in the herd resulted in high calf production and survival rates. In the
10 years following the peak, the herd declined to around 500 caribou. However, increased
fall calf recruitment and adult female survival since 2007 has allowed the population to
increase to 902 caribou as of July 2012.
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So what caused the 10-year decline? The reasons are not clearly understood, but could be a
combination of factors, including: dispersal, disease, illegal/unreported harvests, increased
predation, and density-dependent nutritional factors. Each factor is considered here:

Dispersal off the Nushagak Peninsula was documented for one radio-collared female (ID 01-
05). This female was captured and collared as a 10-month-old calf in April 2001 on the
Nushagak Peninsula. She remained on the Nushagak Peninsula until September 2002, after
which she spent the 2002-03 winter in the Togiak River drainage with 400 other caribou
believed to be from the Mulchatna Herd. By mid-April, these caribou were relocated north
and east of Dillingham enroute to the Mulchatna calving area. Caribou 01-05 was relocated
3 more times over the next 14 months in the presence of Mulchatna caribou. Of 27 other
missing radio-collared Nushagak Peninsula caribou, only 5 have “disappeared” before the 3-
year life of their collar batteries had expired. Dispersal is not believed to be a significant
factor in the decline of Nushagak Peninsula caribou.

Infectious diseases can dampen rates of increase in wild ungulate herds through effects on
adult survival and fecundity (Jolles et al. 2005). Five of 19 (26.3%) Nushagak Peninsula and
3 of 29 (10.3%) Northern Alaska Peninsula caribou (parent herd for Nushagak Peninsula
reintroduction) captured in 1997 tested positive for exposure to parainfluenza 3 (PI3) virus,
the first evidence found of exposure to this pathogen in southwestern Alaska caribou

(Zarnke 1999). Infectious Bovine Rhinotracheitis (IBR), Bovine Viral Diarrhea (BVD),
Respiratory Syncytial Virus (RSV), and PI3 are commonly referred to as the “bovine
respiratory group viruses.” As the name implies, these viruses typically invade the respiratory
tract of cattle, however, infections are rarely fatal by themselves. More importantly, they can
provide an opportunity for bacterial infections to become established. These infections can
then progress into more serious bacterial pneumonia (Zarnke 1999). Antibody prevalence for
respiratory viruses in caribou herds south of the Brooks Range had historically been near 0%.
Gude et al. (2005) hypothesized that (1) the pattern of high late-summer calf mortality
observed in the Northern Alaska Peninsula Caribou herd in 2005 could be attributed to poor
development rates of calves resulting from poor nutritional condition of cows, and (2) cows
may be in poor condition due to heavy parasite burdens.

Illegal take of Nushagak Peninsula caribou has been documented spatially and temporally
within and outside the area and seasons open for hunting. Federal and State law enforcement
staff issued citations for 19 caribou illegally taken during the period 2001- 2011 (no license,
no permit, taking caribou during a closed season, and taking caribou in a closed area). An
additional 21 other illegal and/or unreported harvests were documented during telemetry/law
enforcement flights during the same period. These caribou are not included in Tables 7 and 8.
Other issues related to hunting on the Nushagak Peninsula include chasing/herding caribou
with snowmachines, use of .22 caliber rim fire, and failure to return a hunt report. During the
period 1 April 1999-31 March 2000, >126 Nushagak Peninsula caribou were estimated
harvested by the community of Manokotak via a house-to-house interview survey (Coiley-
Kenner et al. 2003). By comparison, only 16 caribou were reported harvested by Manokotak
hunters during the 1999-2000 Federal Registration Nushagak Peninsula hunt (Table 6).
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The range expansion of moose in some areas of North America has been implicated in the
decline of local woodland caribou (R. t. caribou) populations (Bergerud 1974, Seip 1992,
Schaefer et al. 1999). The presence of moose provided an alternate prey which sustained
increased wolf numbers. The increased wolf population resulted in an increased predation
rate on caribou and declining caribou numbers (Seip 1991). Moose were nearly absent on
and adjacent to the Nushagak Peninsula when caribou were reintroduced in 1988. Since that
time, the population has increased substantially and moose now occupy suitable habitats on
the northern portion of the Nushagak Peninsula (i.e., Tuklung River drainage) and adjacent
areas (Kanik and upper Igushik River drainages) (Aderman et al. 1995, Aderman 2008).
Hunters from Manokotak noted an increase in wolf activity near their village and on the
Nushagak Peninsula beginning in the late 1990°s where prior to that, wolves were scarce or
absent (Moses Toyukak, Manokotak Traditional Council, personal communication). Using a
combination of VHF and GPS radio telemetry, Walsh and Woolington (2012) found one
pack used the Nushagak Peninsula 32% of the time. The Nushagak Peninsula caribou herd
resides almost entirely on the Nushagak Peninsula and is non-migratory. Seip (1991)
suggested non-migratory (woodland) caribou that live in areas where wolf populations are
sustained by alternate prey can be eliminated by wolf predation. As the area used by the
Nushagak Peninsula herd is relatively small and is surrounded by water on three sides, it is
likely only one or two wolf packs would make it part of their territory.

Brown bears were common on the Nushagak Peninsula before and after caribou
reintroduction. Incidental observations of brown bears on the Nushagak Peninsula have
increased since 1997, especially of sows with cubs (Collins et al. 2003). Brown bears can be
effective predators of ungulate calves (Adams et al. 1995, Valkenburg 1997, Sellers et al.
2003) and sows with young have been shown to kill more caribou calves (<2-weeks old) than
other classes of bears (Young and McCabe 1997). In the transplanted Kenai Mountains herd
and Killey River herds, near maximum caribou population growth continued for 10 years
after introduction despite the presence of both wolves and grizzly bears (Valkenburg et al.
2000). Valkenburg et al. (2000) speculated this could be either be due to a lag in predator
hunting behavior, the low vulnerability of caribou on a very high plane of nutrition, or both.
The effect of brown bear predation on Nushagak Peninsula caribou population dynamics is
not known. However, it is likely some bears have learned to exploit this resource efficiently.

Nutritional condition in ungulates can affect the entire calf recruitment process (Cook et al.
2004). In caribou, nutritional condition affects the onset of maturity in young adults and the
probability of pregnancy in mature individuals (Adams and Dale 1998a), the length of
gestation and parturition date (Adams and Dale 1998b), calf birth weight (Adams 2005), and
the rate of calf development during the summer months (Adams 2003); all of which in turn
can affect calf survival and recruitment rates. Constraints on winter food availability,
particularly lichens, has generally been accepted as the main factor responsible for poorer
condition, increased mortality of young and reduced reproduction in reindeer (Skogland
1984, 1985). However, Reimers (1997) concluded summer nutrition was the factor most
likely to cause observed variation in natality rate and body weight. Valkenberg et al. (2000)
provided evidence that body weight and natality rate in 5 transplanted caribou populations
(including the Nushagak Peninsula herd) were significantly limited by density-dependent
nutritional factors that were independent of climate and genetics. On the Nushagak
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Peninsula, significantly lower calf production by adults >3-years-old during 1998-2009
versus 1992-1997 suggests nutrition had declined.

The management plan for the Nushagak Peninsula herd calls for a maximum of 1,000
caribou (on the Nushagak Peninsula), based on the assumptions that 1) the Nushagak
Peninsula had about 1,100 km? of good caribou habitat (Hinkes and Van Daele 1993), and 2)
good range can support a stable density of 1 caribou/km? without significantly impacting the
range (Hinkes and Van Daele 1995). The population size of the Nushagak Peninsula caribou
herd exceeded this management objective for at least 8 years (1994-2001). Lichen utilization
surveys found only trace utilization (< 5%) had occurred by 1993-1994 (Johnson 1994);
moderate utilization (39.0 %) had occurred by 1999; and moderate-heavy utilization (60.5%)
occurred by 2002 (Aderman 2006). The increasing trend appears to have stopped by 2007
when mean lichen utilization was estimated 56.7% (Aderman 2011a). Preliminary results of
a 2012 survey estimated mean lichen utilization at 53.9%.

While nutrition appears the ultimate factor in population growth of Nushagak Peninsula
caribou, proximate factors such as predation, disease, and dispersal are inextricably linked.
The hypothesized bulge in age structure (B. Dale, Alaska Department of Fish and Game,
personal communication) makes sense. Calf recruitment and female survival rates remained
moderate until 2006. Since then, both of these rates have increased. The last of the large
cohorts (born in 1999) should be mostly gone and the return to a more stable age distribution
should occur. With the increase to 902 caribou as of July 2012, this appears the case.

What is the appropriate number or range of caribou numbers to try and manage for on the
Nushagak Peninsula? Caughley (1977) noted that “The simplifying assumption of a steady
density, which at best is a dangerous abstraction, almost completely parts company with
reality when applied to a ‘boom and bust’ population.” In January 2012, the Nushagak
Peninsula Caribou Planning Committee met and accepted a revised harvest strategy based on
a lowered population range (400-900 caribou) and trend (Appendix A). Trend is defined as
declining when falling more than 2%; increasing when increasing more than 2% ; and stable
when remaining within 2%. No harvest will be permitted for a population of less than 200 or
for a declining population of 400 or less caribou. The strategy calls for a 2-3% harvest.
Additional harvest will be allowed when the population is >400 and increasing. A
population >800 would entail harvesting everything >750.
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Appendix A. Nushagak Peninsula Caribou Herd harvest strategy based on a population objective of 400-900 (optimum 750), an
annual harvest objective of 20-50, and a bull/cow ratio objective of 35-45/100.

Population  Population Harvest percentages
State size trend® Strategy Base Additional
1 <200 any manage for viability 0 0
2 200-400 declining manage for growth only 0 0
3 200-400 stable manage for growth and harvest 2 0
4 200-400 increasing manage for growth and harvest 2.5 0
5 400-800 declining manage for minimal harvest 2-2.5 0
6 400-800 stable manage for harvest 3 0
7 400-800 increasing manage for harvest and slow growth 3 20% of annual growth at population of
400, up to 100% at population of 800.
8 >800 any manage for harvest and stop growth everything >750.

%rend is the average of the two previous population changes (declining is <98%, stable is within 2%, and increasing is >102%).
Additional considerations include managing for viability if the bull/cow ratio drops below 25/100 or implementing bull only harvest
during the fall hunt if the bull/cow ratio exceeds 55/100.
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