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Executive Summary

Historically, the Fortymile caribou (Rangifer tarandus) herd is most noted for its extreme decline
in numbers and accompanying decline in range size. We estimated herd numbers declined from
about 260,000 caribou in the early 1920s to 6,000 in 1973 (Murie 1935, Valkenburg and Davis
1989, this paper). When herd size was near minimum levels, about 90% of the historic range was
abandoned, including most of the accessible range along the Steese Highway north of Fairbanks.

We surmised from recent and historic literature that at least 3 factors likely contributed to the
decline in Fortymile herd numbers. These 3 factors were 1) reduced caribou nutrition resulting
from overabundance; 2) heightened wolf (Canis lupus) predation, both because wolves were
recovering from a low point and because caribou were likely experiencing reduced nutrition; and
3) excessive harvest of caribou during the early 1970s (Valkenburg et al. 1994). From studies
elsewhere, we know that 1) peak caribou numbers are most often short-term occurrences;

2) before peak numbers are attained, caribou experience lowered birth rates; and 3) widespread
overgrazing of the calving and summer range is the single factor most likely to cause a
pronounced and often prolonged decline in caribou herd nutrition and numbers (Manseau et al.
1996, Mahoney and Schaefer 2002, Bergerud et al. 2008).

An equally intriguing question is how did Fortymile caribou reach relatively high peak numbers
in the 1920s? A unique factor in the early 1920s was the unusual scarcity of wolves. For
example, Murie (1944) did not find wolf tracks during winter 1922—-1923, despite extensive
travels by dog sled across Interior Alaska, including a trip through the primary Fortymile winter
range. This unusual scarcity of wolves may have resulted in part from canine disease(s)
introduced through sled dogs that accompanied the pioneer mining industry (Murie 1944:14-16).

If wolves had been common in the early 1920s, it is probable that the Fortymile herd would have
remained well below the historic highs. For example, an absence of wolves for several years
could have allowed the herd to at least double in size and peak well above sustainable levels.
Indeed, with effective wolf control (1975-1982), the adjacent Delta caribou herd doubled in size
in 5 years (A= 1.16; Boertje et al. 1996). Similarly, we found wolf predation was the major
factor limiting Fortymile herd numbers during 1994-2003, despite adequate caribou nutrition
and an active nonlethal wolf control program during 1997-2001 (Boertje and Gardner 2000q,
Boertje et al. 2008).

To encourage recovery of Fortymile caribou numbers from an estimated 6,000 caribou in 1973,
the Alaska Board of Game adopted 1) continuous conservative harvest rates (<2% of herd size
annually) since 1973; and 2) various measures that reduced wolf numbers on various portions of
the herd’s range during 1997-2011 (Boertje and Gardner 2000a; Boertje et al. 2008; Gross
2009a, b; this paper). Most recently, a coalition of stakeholders wrote, and the Board of Game
approved, the Fortymile Caribou Herd Harvest Plan 2012-2018". This plan directs a harvest rate
of 2% of herd size for hunters in Alaska and continued wolf control. Representatives from the
Yukon resolved that Yukon hunters would continue to largely forego their allowable harvest of
1%. However, if herd size reached 70,000 caribou, the combined Alaska and Yukon harvest rate
would effectively increase to 4% total.

! http://www.adfg.alaska.gov/index.cfm?adfg=wildlifeplanning.main
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Using photocensuses, we documented a nearly 9-fold increase in Fortymile herd size during
1973-2010 from 6,000 to almost 52,000. During 1995-2009, the herd took 14 years to double in
numbers.

This substantial and prolonged increase in caribou numbers, and the potential for overgrazing,
led us to evaluate whether nutritional indices were changing. We examined 2 long-term
nutritional indices and both declined significantly: 1) 36-month-old parturition rates during
1994-2010, and 2) October calf weights during 1990-2010. Most strikingly, these nutritional
indices were lowest during summers 2008 and 2009. However, both indices showed modest
improvement through May 2012.

These declines in caribou nutritional indices motivated us to evaluate how we would
quantitatively identify a cautionary signal or biological threshold to indicate notably lowered
caribou nutritional status. Reduced nutritional status was previously implicated when
36-month-old parturition rates fell below 55%, particularly in the Denali, Delta, and Nelchina
herd case histories (Adams and Dale 1998, Valkenburg et al. 2003). Also, recent herd recovery
in the Mulchatna herd was linked to a substantial rise in 36-month-old parturition rates from 0—
50% to 67-83% (Woolington 2009; J. D. Woolington, ADF&G unpublished data, Dillingham).
We found the best indices to explain variability in parturition rates were the 3 prior years of
average October calf weights. We presumed that October calf weights integrated a variety of
factors largely related to the quality of the previous summer’s weather and range condition. We
concluded that selected weather variables alone did not adequately explain the variability in
caribou parturition rates, calf weights, or calf:cow ratios. However, to help explain the variability
in parturition rates, we combined weather variables and October calf weights as covariates in a
modeling exercise. Parturition rates were not well predicted by seasonal caribou densities or
annual herd size.

Based on all Alaska data collected to date (9 caribou herds), we proposed the following indicator
of low nutritional status: a decline below 55% in the 5-year moving weighted average of
36-month-old parturition rates. This threshold of <55% previously signaled prolonged periods of
low nutrition in the Delta, Nelchina, and Mulchatna caribou herds, and did not trigger a
management concern in any other case (except in the Fortymile herd in 2012). We proposed that
this threshold would signal potential overgrazing and possible justification for more liberal
harvests.

We caution that this low nutritional threshold could occasionally result from extended adverse
weather rather than overgrazing, in which case a liberalized harvest would likely be unjustified.
Furthermore, we caution that this “more liberal” harvest is justifiable only when a caribou herd is
increasing, so simultaneous data on both nutritional status and herd trajectory are necessary to
justify more liberal harvests. For example, the Delta herd’s 5-year threshold dropped below 55%
in 1991, when the herd was already declining (Valkenburg et al. 2003).

Longer term data are needed to test the utility of the threshold to warn managers of impending
declines in herd numbers. Until then, we are recommending the threshold be used as a cautionary
signal to notably reduced nutritional status that has been linked to immediate or imminent herd
decline. Each management scenario will likely have a unique set of circumstances.
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In the case of the Fortymile herd, the 5-year moving weighted average parturition rate in 2012
was 54%, similar to the cautionary threshold of 55%. We recommend managers use this
triggering to warn stakeholders of a potentially significant decline in herd nutritional status. If
the 5-year rate remains <55% through May 2014, the Board of Game should be prepared to
support stabilizing herd numbers in autumn 2014, particularly given that larger sample sizes (n =
>15 collared 36-month-olds) are expected beginning in 2013. Stabilizing herd numbers may
require a more liberal harvest of up to 3,000 caribou (up from 1,000). Forewarning stakeholders
of such a change is essential to maintaining public support. If Fortymile caribou begin calving or
summering in new upland areas simultaneous to triggering the threshold, managers may consider
waiting a year or 2 to see if the herd benefits from the new calving and summer range. However,
in general, when the threshold is triggered, we would recommend against waiting for a herd to
change movements.

We surmised from distribution data that the Fortymile herd overgrazed its core upland tundra
during this study. For example, summer (1 July—15 August) Fortymile movements off the core
upland tundra (about 7,000 km? of subalpine and alpine tundra) into surrounding spruce-moss
taiga, particularly in 2008, was a possible causative factor for the reduced 36-month-old
parturition rates by 2009. Most migratory caribou herds use mostly tundra in the summer in
contrast to mostly taiga in the winter. Taiga provides a relatively poor summer diet (Boertje
1984, 1990). Departure from the isolated core uplands during summer may have resulted from
local overgrazing given 1) the 9-fold increase in herd size over 37 years; 2) year-round use of the
core uplands; 3) the low percentage of upland habitat (17%) above 1,060 m in the current
year-round range; and 4) the cumulative effect of high and increasing calving densities in the
core uplands, particularly during 2000-2008 when caribou ceased periodic use of the upper
Salcha River calving area. To remedy effects of high, prolonged densities on the core uplands,
summering caribou could regain use of the historic subalpine and alpine summer range in the
White Mountains, just west of the Steese Highway.

During 17 years of radiotracking (1992-2008), we observed an unpredicted, rapid expansion in
range size during summer and autumn, with accompanying declines in summer density. This
rapid expansion may have been an indicator of localized overgrazing of the core upland tundra.
In contrast, we observed an expected, slow expansion of the early winter (1 October—

30 November), winter (1 December—31 March), and precalving (1 April-10 May) ranges.

Experience with the adjacent Nelchina herd indicated that a caribou herd can be managed below
former peak densities, at a relatively stable level, while ultimately providing relatively stable and
high harvests (Tobey and Schwanke 2009). The Nelchina herd sustained the highest reported
harvest rate of caribou in Interior Alaska (x = 5.8% of herd size annually, 1997-2009) with herd
size stable (A = 1.002; Tobey 2003, Alaska Department of Fish and Game 2009, Tobey and
Schwanke 2009). This contrasted with a total estimated average annual harvest rate of 1.6% of
herd size in the increasing Fortymile herd (A = 1.045, 1997-2010). The Nelchina strategy of
managing for stability appears to have lessened the chance of the herd declining from
malnourishment.

The Nelchina herd management strategy may be achievable in the Fortymile herd, because
demand for harvesting caribou far exceeds the sustainable supply. Thousands of hunters can be
mobilized near roadside crossings. We estimated the potential sustainable harvest rate was 6.1%
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for the Fortymile herd with mostly moderate and declining nutrition (1997-2010), which was
similar to the 6.0% potential sustainable harvest rate for the Nelchina herd with mostly lower and
improving nutrition (1997-2009). However, intensive predator harvests and wolf control are
central to managing the Nelchina herd. High predator take on the Nelchina calving and summer
ranges are particularly unique in Interior Alaska, primarily because of high accessibility and
relative close proximity to high human populations. This take of predators has enhanced
Nelchina calf recruitment (35 calves:100 cows in October 1997-2009) and allowed for the
reallocation of caribou from predators to people. In contrast, the Fortymile current calving and
summer range is remote and much of the area is in the federally-protected Yukon-Charley Rivers
National Preserve. Thus, because of relatively high year-round wolf predation, Fortymile calf
recruitment may decline more readily as nutrition declines.

Monitoring trends in caribou numbers and nutritional status are key components of prudent
management of the increasing Fortymile herd. To monitor trend in caribou numbers, we
recommend continued annual June photocensuses and October surveys to estimate calf:cow
ratios. To monitor nutritional limitation annually, we recommend 1) weighing of 15-20 female
4-month-old calves, 2) estimating parturition rates of >14 females 36 months of age,

3) estimating parturition rates of females >48 months of age, and 4) seasonal mapping of range
use to assist with explaining how, when, and where overgrazing may adversely affect nutrition.
We recommend radiocollaring 10—15 short yearlings to ultimately secure a sufficient sample (n =
14) of radiocollared, known-age 36-month-old females, because overwinter mortality of
4-month-old calves and the subsequent mortality of yearlings and 2-year-olds has often resulted
in minimal sample sizes in prior years.

LA A 4
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Introduction

The range size of a caribou (Rangifer tarandus) herd typically constricts as herd size decreases
and expands as herd size increases (Skoog 1968, Davis 1980, Bergerud et al. 2008). Constriction
of the Fortymile herd range, which occurred simultaneous to the herd’s extreme decline during
1920-1973, was particularly well documented (Murie 1935, Skoog 1956, Valkenburg et al.
1994). For example, Valkenburg and Davis (1986) illustrated historical and recent variations in
the size and location of Fortymile calving and annual ranges during 1900—1985.

After 1963, it was noteworthy that caribou with young calves no longer crossed the Steese
Highway. Furthermore, the Fortymile herd ceased all crossings of the Steese Highway during
1967-1990, when herd size ranged from only 6,000-23,000 (Valkenburg et al. 1994). These
constricted movements eventually resulted in the ‘Steese-Fortymile” herd being renamed the
‘Fortymile’ herd (Valkenburg and Davis 1986, Valkenburg et al. 1994). The herd also ceased
using all winter ranges to the east in Yukon, Canada by the early 1970s (McDonald and Cooley
2004).

Stakeholders were inspired to advocate for a recovery of the herd, and particularly for a return of
the herd to vast landscapes left devoid of caribou as herd size declined. These visionaries largely
determined recent management practices (Urquhart and Farnell 1986, Valkenburg et al. 1994,
Gronquist et al. 2005). Unpublished, detailed management plans are available from the Alaska
Department of Fish and Game’s website” and include the Fortymile Caribou Herd Management
Plan 1995 and the Fortymile Caribou Herd Harvest Plans 2001-2006, 2006-2012, and 2012—
2018. All 4 plans were approved by the Alaska Board of Game.

The harvest plan for 2012-2018 was authored by an advisory coalition that represented a
majority of stakeholders. This harvest plan proposed a harvest rate of 2% of herd size for hunters
in Alaska and continued wolf (Canis lupus) control. Representatives from Yukon resolved that
Yukon hunters would continue to largely forego their allowable harvest of 1%. However, if herd
size reached 70,000 caribou, the combined Alaska and Yukon harvest rate would effectively
increase to 4% total.

Yet, future management of the herd remains controversial. A few stakeholders are advocating for
immediate management actions aimed at stabilizing or decreasing the Fortymile herd. In
contrast, some stakeholders remain convinced that the herd should be managed for peak
distribution.

We wrote this technical bulletin to provide an impartial biological foundation to guide current
and future management planning. This bulletin is timely because it was drafted with input from
the advisory coalition and to answer queries from the coalition. Overall, we sought to contribute
to a management strategy based on current knowledge of the ecology of the Fortymile herd and
other Alaska herds. Our specific objectives were as follows:

1. Review and evaluate the herd’s history to gain realistic expectations of herd
demography and to avoid repeating past management mistakes;

2 http://www.adfg.alaska.gov/index.cfm?adfg=wildlifeplanning.main
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2.  Document changes in herd size and trend during 1973-2010 and the associated harvest
rates;

3. Document changes in Fortymile parturition rates since data collection began in the
early 1990s;

4. Model the effects of covariates (October calf weights and selected weather variables)
on parturition rates to evaluate mechanisms that might explain the variability in
parturition rates;

5. Compare caribou parturition rates throughout Alaska;

6. Propose and discuss a cautionary signal signifying sufficient caribou nutritional stress
to warrant increasing harvests to slow or halt Fortymile herd growth;

7.  Document changes in Fortymile October calf weights and calf:cow ratios and evaluate
through modeling how well certain weather variables explain those weights and ratios;

8. Illustrate the Fortymile herd’s seasonal ranges during 1992-2008, document changes in
seasonal movements and distribution, and discuss the potential implications of
changing movements;

9. Evaluate responses of Fortymile and Nelchina caribou to the large, widespread 2004
and 2005 wildfires;

10. Estimate historic herd size of the Fortymile herd (in the1920s and 1950s) by
extrapolating from an empirical, linear relationship between range and herd sizes since
1980; and

11. Discuss management implications of findings and provide management
recommendations.

Without a nutritional threshold signaling the need to stabilize herd size, we could inadvertently
stockpile or accumulate too many caribou, precipitating another rapid decline in herd size. For
example, a common socially-driven objective is to allow growth of ungulate herds, largely to
allow stakeholders to encounter more animals. Strictly adhering to this socially-driven approach
can eventually result in nutrition-related steep declines in caribou abundance and long periods of
recovery. During these long periods of recovery, stakeholders are unsatisfied and managers fail
to meet harvest and population objectives. Also, managers fail to meet mandates for managing a
caribou herd “near maximum sustained yield” (Alaska Fish and Game Laws and
Regulations:949).

We previously summarized factors limiting herd growth and efforts to increase herd growth
during 1992-2008 (Boertje and Gardner 2000a,b; Boertje et al. 2008). We also contributed 7
maps of seasonal Fortymile distribution (1991-2000) to a report written by the Fortymile
Planning Team (Fortymile Caribou Herd Planning Team 2000, Habitat Management Needs
Assessment for the Fortymile Caribou Herd, Alaska Department of Fish and Game, Fairbanks).
Gronquist et al. (2005) summarized the unique planning process to rebuild the Fortymile herd
during 1996-2001.

The Fortymile caribou herd is the most economically important herd in the road-accessible
portions of Interior Alaska north of the Alaska Range. The herd’s range encompasses highly
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mineralized, wild lands managed virtually entirely by government agencies and private Native
entities. In Alaska, land managers included the Alaska Department of Natural Resources,
National Park Service, Bureau of Land Management, Fish and Wildlife Service, and the U.S. Air
Force, as well as the Doyon Native Corporation. In Yukon, land managers included the
Government of Yukon and the Tr’ondék Hwéch’in Government. These land managers, as well as
mining advocates and particularly the advisory coalition, provided the stimulus for this bulletin.

Methods

DATA COLLECTION

We followed methods described by Boertje and Gardner (2000a) for radiocollaring caribou and
for estimating Fortymile caribou numbers, harvest, calf:cow ratios, and calf weights. We
radiocollared only female caribou during this study. We annually weighed 14—18 calves using a
calibrated spring or electronic scale during 24 September—9 October, 1990-2010.

To estimate parturition rates, we began by observing radiocollared females >24 months of age
once during 11-13 May via small, fixed-wing aircraft. We documented the presence or absence
of a calf, hard antlers, and a distended udder; >1 of these characteristics provided evidence that a
female was parturient (Whitten 1995). Some antlerless females eventually develop udders and
give birth, so to confirm that a female was not parturient, we repeated observations at least twice
during 15-31 May. During 1992-2002, we observed parturient females daily until they gave
birth, with observations beginning 11 or 12 May each year.

DATA ANALYSIS: HERD GROWTH RATES, PARTURITION RATES, CALF WEIGHTS,
AND CALF:Cow RATIOS

We estimated herd growth rate for several herds and time periods. We calculated herd growth
rate (M) by regressing the natural log (In) of population estimates over the survey years to
estimate the slope (m) of the line, and calculated A = e™.

To test for trend in parturition rates of 36-month-old and older caribou, we fit generalized linear
models with a logit link function in Program R (R Core Development Team 2011). Essentially,
we used the maximum likelihood version of the classic logistic regression model to test for trend.

To evaluate possible mechanisms that might explain the variability in Fortymile parturition rates,
we modeled the effects of covariates (October average calf weights and/or weather variables) on
parturition rates. We considered October average calf weights during the 3 years preceding a
36-month-old parturition rate to be metrics that might explain variability in parturition rates. For
example, we presumed that each average October calf weight integrated a variety of factors
largely related to the quality of the previous summer’s weather and range condition. In addition,
Valkenburg et al. (1994) tested the effects of a multitude of weather variables on calf:cow ratios
and the percentage of calves in the Fortymile herd in October. They described the important
weather variables as follows: average July temperature (C), total July rainfall (mm), and a snow
index prior to parturition equivalent to the sum of the monthly maximum snow depths (in) from
November (year /—1) through April (year 7). We used these weather variables in our modeling, as
well as the number of days with snow depth <2.54 cm, hereafter referred to as snow-free days
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(Boertje et al. 1996). We also used a snow index (calculated as indicated above) prior to
conception. We used weather data from Eagle, Alaska (National Weather Service 2011). We did
not include interactions among weather and calf weight variables. To simplify the modeling
exercise, we focused on adding weather covariates to the top 5 models that resulted from using
only calf weights as covariates. We compared 146 models for the Fortymile herd. We ran similar
models for the Delta and Nelchina herds using only calf weights as covariates. We also used
logistic regression models to investigate the relationship between parturition rates and seasonal
caribou densities as well as annual caribou numbers.

We summarized caribou parturition rate data throughout Alaska to provide insights into herd
nutritional status. We used simple linear regression to describe the relationship between herd
growth rates and average parturition rates of caribou 36 months of age. We used chi-square tests
(Agresti 2007) to identify differences in the parturition rates of Fortymile and Nelchina caribou.
We examined a new method for monitoring the nutritional status of caribou herds that entailed
comparing, to a threshold value of 55%, a 5-year moving weighted average of parturition rates of
36-month-old caribou. For year ¢, we estimated a 5-year moving average of parturition rates
weighted by annual sample sizes as:

t—4_ A

f,= i=t iDi

t— yt-4
i=t T

where:

P; is the annual estimated parturition rate and #; is the annual sample size. For example, the
5-year moving weighted average for year ¢ = 2010 is:

2010-4 . ~ A A A . A
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2010 2010-4 -
i=2010 Mi N2010 T N2009 T M2008 t N2007 T M2006

We evaluated the performance of this method by calculating the above moving weighted
averages for each herd. We compared the results against the relevant population and nutritional
status of these herds. We also performed simulations using Program R to evaluate the effect of
sample size on the power of the moving weighted average to trigger a management concern (i.e.,
moving weighted average <55%) for various combinations of parturition rates. Through
simulation we tested the method on parturition rates exhibiting increasing and decreasing trend,
as well as parturition rates exhibiting bimodal variability. For each scenario of changing
parturition rates, 5 annual samples of the desired size were randomly generated from binomial
distributions with the probability of success set equal to the appropriate parturition rate. The
value of the moving weighted average was then calculated and stored. These steps were repeated
5,000 times resulting in a sampling distribution for the estimated moving weighted average from
which the probability of triggering a management concern could be calculated. For example, for
a particular scenario having a mean parturition rate (given by the mean of the 5,000 repetitions)
<55% and where 4,000 of the 5,000 repetitions resulted in a moving weighted average <55%, the
power to trigger a management concern would be 4,000/5,000 = 0.80 or 80%. We also evaluated
the probability of falsely triggering a management concern. For example, for a scenario with a
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mean parturition rate >55% and where 900 of the 5,000 repetitions resulted in a moving
weighted average <55%, the probability of falsely triggering a management concern would be
900/5,000 = 0.18 or 18%. Our approach was a fixed-effects approach, rather than the random-
effects approach used by Fleiss et al. (2003) to estimate the marginal mean proportion. We chose
a fixed-effects approach because we were only concerned about, and not inferring beyond, the

5 years contributing to the moving weighted average.

To test for trend in weights of 4-month-old female calves, we used a linear mixed effects model
(Zhang et al. 1998, McCulloch and Searle 2001, DeLong and Taras 2009). To test for the effects
of the weather variables on 4-month-old calf weights, we used multiple linear regression models
in Program R. To test for the effects of weather variables on calf:cow ratios, as previously
explored by Valkenburg et al. (1994), we used generalized linear models with a logit link
function in Program R.

We evaluated parsimony of models in our candidate set using AIC for small sample sizes (AICc;
Sugiura 1978, Hurvich and Tsai 1989) or, for generalized linear models, the quasi-likelihood
alternative (QAICc; Burnham and Anderson 2002). When using QAICc, the fit of the global
model was evaluated using the Pearson  statistic. We also used R values to assess the
predictive capability of a model. R* values for the generalized linear models were calculated as
(null deviance-residual deviance)/null deviance.

FORTYMILE RANGE USE, BURNS, AND HISTORIC HERD SIZE

We monitored the distribution of Fortymile caribou using radiocollared females for 17 years
(Table 1). For organizational purposes, we began the caribou’s annual cycle with winter data

(1 December—31 March) and terminated with early winter data (1 October—30 November); for
example, we defined winter 1992 as 1 December 1991-31 March 1992. We differentiated
seasons based, in part, on seasons described by Boertje (1984, 1990), as well as time periods of
maximum range size, minimum range size, and the intervening periods of range expansion and
contraction. Numbers of caribou radiotracked varied by season and year, as did the number of
telemetry surveys (Table 1). We sampled at a similar intensity throughout the study, except that
sampling intensity was lowest in 1991-1992.

During all seasons, except the calving season, we delineated ranges based on approximate locations
of radiocollared caribou from telemetry surveys. During each telemetry survey (1-3 days of flying),
we located aggregations of radiocollared caribou and recorded the portion of the drainage where we
heard the signals. Locations of aggregations were accurate to within approximately 15 km. We
based this estimate on results of flights when we practiced listening for radio collars and
subsequently verified the location of the respective radio collars. Practice flights occurred at least
monthly, as we investigated caribou mortalities and conducted calving flights, photocensuses, and
autumn composition counts (Boertje and Gardner 2000a). We similarly recorded locations of
individual radiocollared caribou that formed the periphery of the respective distribution. Locations
of scattered individuals within the survey perimeter were accurate to within 25 km, because we did
not approach these individuals as closely as the aggregations. To sample animals as socially
independent as possible, we used only 1 location per radiocollared cow-calf pair. After plotting the
points from all the surveys for a particular season on a range map (1 cm = 12.5 km), we smoothed a
line by hand around the peripheral survey points approximately 10 km outside peripheral points to
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compensate for inaccuracies and imprecision in the locations. In 3 cases, 1-3 points were widely
separated >40 km from other points; these outliers had minor influences on the results and were
excluded from the range perimeter to conservatively estimate range size. We entered points and
range perimeters into ArcGIS® 9.3.1 (ESRI, Redlands, California) to combine and contrast seasonal
ranges among years. For example, we plotted postcalving density estimates by year based on
delineated seasonal polygons rather than kernel methods.

We sampled during the calving season by mapping (latitude and longitude) the birth sites of
radiocollared caribou. We used fixed kernels to estimate annual utilization distributions
(Silverman 1986, Worton 1989) using program KERNELHR (Seaman et al. 1998). To estimate
annual calving range size, we used automatic grid cell size selection and least-squares cross
validation to estimate smoothing parameters (Seaman and Powell 1996). To be consistently
conservative in estimating range size, we used 90% volume contours to estimate annual calving
range sizes.

To estimate calving ranges for the periods 1992-2000, 2001-2008, and 1992-2008, we averaged
annual utilization distributions. Averaging annual estimates served to 1) avoid the issue of
unequal annual sample sizes having undue influence within pooled datasets, 2) allow uncertainty
in annual distributions to be propagated, and 3) allow accurate estimates of modes of high
probability of use. To generate averages, we used a common grid cell size (12.96 km?)
determined using the rounded mean grid cell size from the initial estimates of annual distribution
and selected annual smoothing parameters using least-squares cross validation. Kernel densities
at each grid cell intersection were summed and divided by the number of annual estimates to
generate averaged utilization distributions. Utilization distributions were converted to the
estimated percentage of birth sites per km” by multiplying by 100 to convert to a percentage, and
dividing the output by 12.96 km® to convert to 1 km®. The 50% and 95% volume contours were
generated for display using Hawth’s Geospatial Modeling Environment (Version 0.5.5 Beta).

We used ArcGIS to calculate the proportional use of specific, similarly-sized drainages by
radiocollared caribou for the calving and early winter seasons for all years. To correct for
differences in sample size among years, we first counted the number of points by drainage for a
particular year (numerator) and divided counts by the total number of locations for that year
(denominator); fractions totaled 1.0 for each year and were converted to percentages. To
calculate the percent use by drainage for all years, we summed the percentages by drainage for
all years, and divided by the number of years.

We also used ArcGIS to calculate the percentage of the maximum Fortymile caribou range
(1991-2008) that was above the approximate visual treeline (about 1,067 m) and to depict areas
burned in 2004 and 2005 (Alaska Interagency Coordination Center 2011, Government of Yukon
2011). Finally, we used ArcGIS to calculate multi-year range sizes from 3 recent 5- or 6-year study
periods since 1992 and 4 previously published 4- to 7-year study periods. The basis for these 4
previously published range sizes were original figures (Skoog 1956:8, Valkenburg and Davis
1986:316, Valkenburg et al. 1994:12) or a combination of original figures and descriptions of
caribou movements in the Fortymile area in the 1920s (Murie 1935:51, 57, 70-73; McDonald and
Cooley 2004). We then developed a relationship between average herd size and multi-year range
size using a simple linear regression model in Program R to estimate historic herd size.
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Results

FORTYMILE HERD S1ZE AND TREND, 1973-2010

During 1973-2010, herd size increased nearly 9-fold from 6,000 to almost 52,000 (Fig. 1) with a
moderate rate of growth (A = 1.06; Fig. 2). However, herd growth was not continuous. Rather,
we documented 3 intervals of growth during 1973-2010. During the first 17-year interval of this
37-year history, herd numbers increased at a moderate rate (A = 1.08). This increase began
coincidental with favorable weather and the initiation of conservative annual harvests (X = 1.6%
during 1973-2010, Table 2). However, despite conservative harvests, herd numbers remained
stable during 1990-1996 (A = 1.00).

Consequently, intensive herd research and novel management planning efforts began in 1994,
which in 1997 led to the initiation of various degrees of wolf control on various portions of the
herd’s range (Boertje and Gardner 2000a, Boertje et al. 2008, Gross 2009a). Coincidental to
initial wolf control efforts and minimal harvesting of caribou (19962000, Table 2), herd
numbers again increased at a moderate rate (A = 1.09, 1996-2003).

We assumed herd numbers stabilized during 2003-2006, based on calf:cow ratios (Table 2). The
2003 and 2005 calf:cow ratios were among the 3 lowest ever measured in the Fortymile herd,
indicating herd numbers stabilized or declined. This potential 4-year period of stability or decline
was not verified by a complete photocensus (Table 2, Fig. 1). If we assume herd size was stable
during 2003-2006, then herd size increased at a slow rate (A = 1.04) during 2006-2010 (Fig. 1).

PARTURITION RATES

The substantial and prolonged increase in Fortymile caribou numbers, coupled with reduced
growth rates since 2003, led us to examine whether herd nutritional status was declining, as
indicated by first age of reproduction. Parturition among 24-month-old females was rare. Only 4
(5%) of 73 24-month-old females were parturient in the Fortymile herd during 1992-2002; 3
subsequently gave birth and 1 succumbed to wolf predation.

We deemed focusing on parturition rates of caribou 36 months of age most relevant to evaluating
nutritional status, because parturition was common among 36-month-old females yet less
common than among prime-age females (48—72 months of age). During 1993-2010, 110 (74%)
of 150 36-month-old Fortymile caribou were parturient. Parturition at 36 months of age did not
adversely affect the parturition rate at 48 months of age. Of 97 parturient and 34 nonparturient
36-month-olds observed at 48 months of age, 85% and 82% were parturient, respectively. During
1994-2011, parturition rates of Fortymile caribou 48, 60, and 72 months of age averaged 84% (n
=135), 86% (n =109), and 89% (n = 84), respectively.

Annual parturition rates of 36-month-old Fortymile caribou declined significantly during 1994—
2010 (slope on the logit scale = —0.17 [SE = 0.048], P = 0.0003, R* = 0.39, Fig. 3), as did
parturition rates of older Fortymile caribou (slope on the logit scale = —0.04 [SE = 0.022], P =
0.046, R* = 0.098, Fig. 4). These trend models left a substantial amount of the variability in
parturition rate unexplained, so we included covariates in subsequent modeling of parturition
rates of 36-month-old caribou.
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Substantially more of the variability in parturition rates of 36-month-old caribou was explained
by adding October average calf weights as covariates (Table 3) than by the trend model alone.
However, no model using covariates was clearly superior. Five models had delta QAICc values
<2.0 and QAICc weights between 0.11 and 0.22 for a cumulative QAICc weight of 0.84

(Table 3). Of these 5, the top model for predicting Fortymile 36-month-old parturition rates (i.e.,
the model with the highest R, model 12) included the 3 prior years of average October calf
weights and an interaction between the first and third year’s average calf weights; this model had
R*=10.69 and a delta QAICc = 1.41 (Table 3). The second best model for prediction was similar
to the top model, except that this model lacked the second year average calf weight as a
covariate. This model (model 9) had R* = 0.59 and the lowest QAICc (i.e., the most
parsimonious model). All 5 models included average calf weight in year t—1 as a covariate, and
most included average calf weight in year t—3 (Table 3). All 5 models associated increasing
parturition rates with increasing calf weights. For the top predictive model (model 12), each
kilogram increase in calf weights for years —1, +—2, and /-3 corresponded to maximum increases
in parturition rate of 5.9%, 4.3% and 5.3%, respectively, when the other covariates were fixed at
the respective average levels and the probability of parturition was near 0.5. The interaction term
indicated that, within the range of the bulk of the data, an increase in weight at —1 resulted in an
increased positive effect due to the #—3 covariate, and vice versa. For this top model, the
estimated parturition rate was 76% with all covariates set at their average, versus 74% based on
the observed average with n = 150.

Applying the top Fortymile herd predictive model in Table 3 to the Delta herd (1994-2005) and
Nelchina herd (1998-2005) resulted in R* = 0.53 and 0.41, respectively. For both the Delta and
Nelchina herds, the model with the lowest QAICc had the first year average calf weight as the
only covariate and resulted in R* = 0.34 and 0.21, respectively.

Models with only weather variables as covariates explained little of the variability in Fortymile
herd parturition rates and performed poorly (delta QAICc > 15.8; Table 4). However, when
certain weather variables were added as covariates along with average calf weights, model
parsimony and predictive capability improved (Table 4). Seven of the 9 models with delta
QAICc values <2.0 included at least 1 weather covariate (6 models included the number of
snow-free days, 3 included average July temperature, and 2 included the snow index). Model
improvement was greater for the top calf-weight models with only additive terms (models 1, 4,
and 5) compared to calf-weight models with an interaction term (models 9 and 12). The R of
models 1, 4, and 5 were increased by 0.15, 0.12, and 0.12 when the number of snow-free days
was added and increased by up to 0.34 with additional weather variables. QAICc values were
also reduced.

Although weather variables led to some improvement in model parsimony and predictive
capability, the importance of specific weather variables remains unclear. Even more so than for
the calf-weight-only models (Table 3), none of the top 9 models with differing weather
covariates was clearly superior, demonstrated by 7 models with QAICc <1 and low QAICc
weights (0.04—0.08). In addition, the top 9 models include the top predictive (model 12) and the
most parsimonious (model 9) of the calf-weight-only models (Table 3). Finally, the R* of only
one model, the new top model, was larger than that for model 12 and the increase was due to an
interaction term that was highly dependent on data from only 2 years, 1992 and 1998, which
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were the 2 extremes for number of snow-free days (Table 5). All 9 models included calf weight
in year —1.

Assessing whether or not the interaction term and the related increase in R?(0.81 vs. 0.69) in the
top model was spurious will require more data; however, the possibility that it is valid motivated
an examination of effect sizes. This top model included the number of snow-free days, average
July temperature, interactions between these parameters, as well as average calf weight in years
t—1 and 2. According to this model, each kilogram increase in calf weights for years —1 and
t—2 corresponded to maximum increases in parturition rate of 7.2% and 6.9%, respectively, when
the other covariates were fixed at the respective average levels and with the probability of
parturition near 0.5. The model also indicated that an increase of 1 snow-free day corresponded
to a maximum 2.2% increase in parturition rate, and an increase in 1 degree in average July
temperature (17-18°C) corresponded to a maximum decrease in parturition rate of 21%. At the
other end of the average July temperature scale, an increase from 14 to 15°C corresponded to a
decrease in parturition rate of 4%. The interaction term indicated that when the number of
snow-free days was near or above average (171 days), an increase in average July temperature
decreased a relatively high parturition rate. However, when the number of snow-free days was
below average, an increase in average July temperature increased a relatively low parturition
rate.

Finally, in a subsequent modeling exercise, we tested for an effect of snow on parturition rates
when the snow index came from the winter preceding conception, rather than the winter
preceding parturition. In this modeling exercise, the top group of models with delta QAICc <2
remained the same as in Table 4, with the exception of the 2 models with the snow index
preceding parturition. A new model with the snow index preceding conception became the top
model. This model had a lower R (0.62 vs. 0.81) and a slightly lower QAICc (61.27 vs. 61.35)
than the top model in Table 4. Average calf weight in year t—/and the number of snow-free days
remained as covariates. Neither of the snow indices was correlated with snow-free days, as
Pearson correlation coefficients were 0.14 (preceding conception) and —0.18 (preceding
parturition).

We found little of the variability in Fortymile parturition rates to be predicted by seasonal
densities or annual caribou numbers, as indicated by R* values <0.17. For example,
36-month-old caribou parturition rates (1993-2009) were negatively correlated with densities
(1992-2008) during calving (P = 0.016, R* = 0.16) and postcalving (P = 0.015, R*=0.17) and
positively correlated with densities during summer (P = 0.04, R* = 0.14). Also, 36-month-old
parturition rates (1993-2009) were not correlated with densities during winter (1992-2008, P =
0.58, R*=0.01), and were negatively correlated with annual caribou numbers (1993-2009, P =
0.015, R*=0.15).

After summarizing parturition data for 36-month-old caribou throughout Alaska (Table 6), we
found that herd growth rates were positively related to average parturition rates (R> = 0.57, P =
0.005, Fig. 5). Herd growth rates were negative when average parturition rates were <40%. A
wider range of herd growth rates occurred when average parturition rates were >60%,
presumably the result of varying calf survival related in part to different predation regimes.
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After illustrating average 36-month-old parturition rates for individual herds during periods with
generally consistent population trend (Fig. 6), we concluded that average parturition rates fit into
3 categories; low (<55%), moderate (55-80%), and high (>80%). Average parturition rates in the
Fortymile herd were moderate (74%) during the recent period of largely increasing trend (A =
1.05, 19952011, Fig. 1).

Using the same 3 categories to compare annual 36-month-old parturition rates, Fortymile rates
ranked moderate to high, except in 1993, 2005, 2009, and 2010 (Table 6). During 1997-2003
(except 2002), 36-month-old parturition rates were significantly greater among Fortymile
caribou than adjacent Nelchina caribou (x> > 4.00, P < 0.046; Fig. 7). During 2004-2010,
Fortymile rates mostly declined and Nelchina rates mostly increased (Fig. 7, Table 6).
Consequently, Fortymile and Nelchina parturition rates did not differ during 2004-2010 (y*
<2.22, P>0.14). The Denali herd had the highest parturition rates in Alaska, and the Denali and
Fortymile rates were nearly identical during the early years of study, 1993-2001, with 9-year
averages of 83% and 82%, respectively (Table 6).

Parturition rates of caribou aged >48 months were less valuable in distinguishing nutritional
status, in part because these older females displayed less annual variation than females

36 months of age (Figs. 7 and 8). Annual parturition rates of Fortymile caribou aged >48 months
ranked high in 13 (72%) of 18 cases and moderate in 5 (28%) of 18 cases. These rates did not
differ among Fortymile and Nelchina caribou during 2002-2009 (* < 2.45, P > 0.12). However,
Fortymile rates were significantly greater than Nelchina rates in 1999 (y3* = 5.79, P = 0.016) and
2000 (x> = 11.36, P = 0.0008) and marginally greater in 2001 (x> = 3.00, P = 0.083; Fig. 8). In
2010, Nelchina rates were marginally greater than Fortymile rates (y* = 3.55, P = 0.059).

The 5-year moving weighted averages of 36-month-old parturition rates declined below our 55%
cautionary signal in 3 cases, the Delta herd (1991-1997), Nelchina herd (2001-2008), and
Mulchatna herd (2005-2011; Table 6). Except for these 3 cases and the 2012 value for the
Fortymile herd, the 5-year moving weighted average has not fallen below 55% in Alaska

(Table 6).

We investigated the annual sample sizes required to correctly trigger the 5-year moving weighted
average. From simulations (Fig. 9), samples sizes of 14/yr over 5 years (70 total) provided a high
probability (85% for the bimodal example and 82% for the trend example) of detecting a true
decline to 50%, and provided a reasonable balance between ensuring triggering when true
moving weighted average < 0.55 and not triggering when true moving weighted average

> (.55. The probability of correctly triggering was greatest when the parturition rates declined
in a rapid, bimodal manner rather than with a slowly declining trend (Fig. 9). These examples
along with additional simulations (e.g., very slowly declining rates from 85% to 20% over 27
years) led us to recommend a sample size of 14/yr. Smaller sample sizes generally led to
relatively high rates of triggering when the true moving weighted average was >55%, which
risked an unnecessary action. Smaller sample sizes also generally led to relatively low rates of
triggering when the true moving weighted average was <55%, which risked a delayed
intervention.
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FORTYMILE CALF WEIGHTS AND CALF:COW RATIOS

Four-month-old calf weights declined 0.22 kg/yr (P = 0.02, R* = 0.24, 1990-2010; Fig. 10). To
explore the effect of weather on average calf weights (Table 5), we first replaced the continuous
covariate year (i.e., trend) with the 4 weather variables, which resulted in less parsimonious
models but a modest improvement in R%. The clear top weather-only model (second model had
delta AICc = 2.3) included total July rainfall, the snow index, and their interaction as covariates.
This top model was slightly less parsimonious (AICc higher by ~0.1) than the trend model, and
had an R* = 0.44. The same interaction term was included in the second and third models as well.
All additive models had delta AICc >4.5 and explained little variability (R* < 0.13).

When we considered the 4 weather covariates along with the year covariate (i.e., trend), the clear
top model contained the same weather variables as the top weather-only model. This model had
an AICc weight = 0.66 and a larger R* = 0.62; the next closest model had a delta AICc = 3.84.
This model showed that when the other covariates were fixed at their average levels, an increase
in 10 mm in July precipitation corresponded to an increase in calf weight of 0.37 kg, an increase
in 25.4 cm of accumulated snow corresponded to an increase in calf weight of only 0.07 kg, and
calf weights declined by 0.20 kg/yr rather than by 0.22 kg/yr, as in the model without weather
variables. The July rainfall:snow index interaction term indicated that a strong positive gradient
existed in calf weights with increasing July precipitation in years of above-average snow, and
this gradient was substantially weaker in years of below-average snow.

Correlations between average calf weights and the 4 weather variables were low (between —0.23
and 0.22). These low correlations were consistent with the relatively poor explanatory power of
weather variables when modeling average calf weights.

Little of the variability in calf:cow ratios (1970-2010, Table 2) was explained by population
trend with or without the 3 weather variables identified by Valkenburg et al. (1994); average July
temperature, total July rainfall, and snow index. The trend model without weather covariates had
R*=10.08, and the trend model including all weather covariates had R* = 0.12. After including all
2-way weather interactions, R” increased to 0.28. Including the 3-way interaction resulted in an
additional increase in R of <0.01.

CHANGES IN FORTYMILE HERD MOVEMENTS, RANGES, AND DENSITIES

Because weather variables did not adequately explain the low nutrition in 2008 and 2009 (Figs. 7
and 10), we explored changes in herd movements and distribution that might be indicative of
localized overgrazing and nutritional stress. However, we monitored seasonal distribution only
during 1992-2008. During these years, sampling intensity was similar enough to detect
differences in range size over time (Table 1).

We found supporting evidence that localized overgrazing occurred on the core upland tundra
habitat (7,000 km?). For example, a year-round distribution of seasonal areas used by caribou
clearly illustrated high use of the isolated, core upland tundra (blue areas in Fig. 11 with 71—
100% use). The surrounding areas were predominately taiga. The core uplands were used most
extensively from precalving (1 April-10 May) through early winter (1 October—30 November).
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In contrast, during winter (1 December—31 March) these core uplands were largely an area of
overlap among adjacent winter ranges dominated by taiga.

Of all the seasonal ranges, summer range size (1 July—15 August) increased most during this
study (Fig. 12), possibly indicating summer nutritional stress. For example, as herd size
increased, summering caribou were spacing away from the core upland tundra into surrounding
lower spruce-moss taiga, which provided less optimal summer range. The summer expansion
was most apparent in 2008 (Fig. 12), when summer nutrition was particularly low (Figs. 7 and
10).

Data during calving (11 May—27 May) added support to the overgrazing hypothesis. Virtually all
calving occurred on portions of the core upland tundra, and calving densities increased during
this study. For example, the average size of the calving area (Fig. 12) declined 28%, when
comparing the first 9 years of data (Fig. 13) with the last 8 years (Fig. 14). This restriction
occurred largely because calving caribou ceased periodic use of the upper Salcha River after
2000. Calving caribou used on average only 2,904 km? (41%) of the core uplands during the last
8 years (Fig. 14) with densities (bulls excluded) averaging 17 caribou/km” and reaching 42
caribou/km? in 2008 (Fig. 15). Also, during the last 8 years, postcalving caribou (28 May—

30 June) used virtually all of the core uplands, with densities averaging 6 caribou/km? (Fig. 15).

Over all years, birth sites were most concentrated in the alpine and subalpine tundra near Mount

Harper and Glacier Mountain and in the subalpine areas southwest of Glacier Mountain (Figs. 16
and 17). When lingering snow covered a high proportion of the upland tundra, calving was more
concentrated at or slightly below treeline. Lingering snow was particularly apparent in 1992 and

2000.

After caribou left the relatively densely-populated calving range, a regular pattern of gradual
range expansion occurred seasonally until midwinter (Fig. 12). For example, the postcalving
ranges (Fig. 18) were larger than the calving ranges each year, except in 1995. The postcalving
ranges were generally above treeline on and near the calving ranges, except in 2005 when
considerable movements occurred below treeline. Postcalving range sizes increased little during
the study (Fig. 12), as movements were usually restricted to the core uplands.

The summer range size (Fig. 19) increased consistently throughout the study period, and the rate
of increase was the greatest for any season, followed closely by the rate of increase in autumn
(Fig. 12). Summer range sizes were similar to the postcalving range sizes only during the initial
2 years of this study (Fig. 12). During summer 2008 (final year of summer data) the herd
expanded its range both east and west and crossed both the Steese and Taylor highways. The
autumn ranges (Fig. 20) were larger than summer ranges each year, except 2000, 2005, and 2006
(Fig. 12). Autumn range reached maximum size during 2003 and 2007 (final year of data).
Summer foods senesced during early autumn, and caribou transitioned to a winter diet more
readily available in the more expansive lower elevations.

During early winter (Fig. 21), range sizes were larger than autumn ranges every year, except
2002, and range sizes increased gradually during the study (Fig. 12). Caribou in early winter
distributed themselves uniformly among years (Fig. 22), so all portions of the range received
nearly equal grazing pressure. Maximum eastward expansion during these 17 years occurred in

FORTYMILE CARIBOU HERD: INCREASING NUMBERS, DECLINING NUTRITION, AND EXPANDING RANGE



early winter 2002, and maximum westward expansion occurred in early winters 2007 and 2008
(Fig. 23). However, annual maximum seasonal range size occurred during winter (Fig. 24) in 13
of 17 years (Fig. 12). Each April, female caribou and calves began a withdrawal from the most
expansive winter or early winter range (Figs. 23 and 24) to the most constricted calving range
(Fig. 12). Thus, the precalving season (Fig. 25) was a dynamic time characterized by movement
generally from the lower forested areas of winter habitat towards the higher core upland tundra.

The expansion in summer range led to a declining summer density, while the slower expansion
in winter range led to an increasing winter density (Figs. 26 and 27). For example, as herd size
increased, summer density declined from 3.4 caribou/km? in 1995 to 1.9 caribou/km? in 2008,
and winter density increased from 1.0 caribou/km? to 1.6 caribou/km’.

We found no sudden changes in seasonal range sizes after the large and widespread 2004 and
2005 wildfires (Fig. 12). These burns (Fig. 28) covered only small proportions of the recent
winter ranges and smaller proportions of the summer and autumn ranges.

Finally, average herd size mostly increased with multi-year range size (Fig. 29, Table 7). Using
an extrapolation of the recent relationship between average herd size and multi-year range size,
we derived 2 new estimates of historical herd size and the 90% prediction intervals: 55,102
during 1952-1955 and 261,202 during 1918-1924 (Fig. 30).

Discussion

FORTYMILE HERD TREND, HARVESTS, AND WOLVES

The recent 9-fold increase in the Fortymile herd (A = 1.06, 1973-2010; Fig. 2) is exceptional
among Interior Alaska caribou herds. Indeed, Interior herds without wolf control have remained
at low numbers in recent times (Table 8), despite low harvest rates similar to those in the
Fortymile herd (Table 2, Alaska Department of Fish and Game 2009). Given that the Fortymile
herd’s increase during 1996-2003 (A = 1.09) was unique in Interior Alaska and occurred
concurrent with nonlethal wolf control on a portion of the herd’s range, we have circumstantial
evidence that nonlethal wolf control promoted herd growth (Boertje et al. 2008). Alternatively,
history suggests the Fortymile herd may simply be recovering from its low point in 1973, and the
herd may have increased with favorable weather and without wolf control, as during 1973—-1990
(A =1.08). In contrast, the adjacent Delta caribou herd increased at an unusually rapid rate for
Interior Alaska caribou (A = 1.16, 1975-1982) concurrent with the only well-documented
experiment that used substantial wolf control in Interior Alaska (55-80% reduction in wolves
from precontrol numbers, X = 69%; Boertje et al. 1996). Thus, we have relatively convincing
evidence that substantial wolf control throughout a herd’s range can promote growth of Interior
Alaska caribou herds. We have less evidence that a lower level of wolf control can promote herd
growth. The Delta herd subsequently declined after a 5-fold increase, partly in response to the
adverse winters of 1990-1993, and has remained at low levels in the absence of renewed wolf
control (Boertje et al. 1996, Seaton 2009).

Boertje and Gardner (2000a, b) and Boertje et al. (2008) provided direct evidence that wolf
predation was the dominant factor affecting Fortymile herd numbers. These studies of Fortymile
caribou births and deaths (1994-2003) showed wolf predation was the dominant factor
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influencing herd trend in years preceding, during, and after nonlethal wolf control on a portion of
the herd’s range. Also, O. Murie (1935) documented that Fortymile herd numbers peaked during
a relatively short period (1916—1925) when wolves were scarce throughout Interior Alaska.

A. Murie (1944:14—16) indicated this wolf scarcity resulted from newly arrived epizootic canine
disease, as evidenced by widespread and acute disease that killed entire sled dog teams. In
contrast, present-day Alaska wolf populations have largely acquired immunity to such diseases,
and disease is a minor factor affecting wolf numbers in Alaska, except for occasional rabies
epidemics along the north and west coastal areas (Ballard et al. 1997, Mech et al. 1998, Adams et
al. 2008).

The reported scarcity of wolves in the early 1920s was likely a major factor contributing to the
historic high numbers of Fortymile caribou. For example, the reported scarcity of wolves could
have allowed the herd to at least double in size and peak well above sustainable levels. For
example, with effective wolf control (1975-1982), the adjacent Delta caribou herd doubled in
size in 5 years (A = 1.16; Boertje et al. 1996). The same doubling result can be derived by
substantially reducing wolf-caused caribou deaths in empirical models of Fortymile caribou
births, deaths, and total numbers (Boertje and Gardner 2000a).

We inferred that recovery of the Fortymile herd to historic levels of >100,000 caribou in the next
decade is unlikely, unless some unforeseen factors cause a renewed scarcity of wolves for a
protracted period. For example, a complete lack of wolves could result in a doubling of herd size
in 4 or 5 years (Boertje et al. 1996, Boertje and Gardner 2000a). Such a scenario is highly
unrealistic. Instead, with recent wolf control programs, we recorded a doubling of herd size in

14 years (1996-2010, Table 2).

We learned valuable lessons from the herd’s rapid decline in the early 1970s. For example,
ill-timed liberal harvests during 1970—1972 (Table 2), when the herd was already declining, were
partly to blame for the severe decline to 6,000 that disenfranchised most users of the herd.
Valkenburg et al. (1994) concluded that if harvest had been curtailed in 1970 instead of 1973
(Table 2), the herd could probably have been stabilized at a low point of 10,000—12,000 caribou
with a potential recovery to >33,000 by 1990 (Fig. 1). Instead, excessive harvests during 1970—
1972 accelerated the decline, and those harvests were a major factor contributing to the low point
of about 6,000 caribou (Table 2).

CARIBOU NUTRITIONAL STATUS, INDICES, AND WEATHER

The Fortymile herd’s 9-fold increase stimulated us to explore whether increasing herd size was
potentially causing low nutritional status. Studies elsewhere have shown that high or peak
caribou densities are often associated with substantially reduced nutritional status (Bergerud et
al. 2008).

We measured only 2 long-term nutritional indices in the Fortymile herd and both declined
significantly: 36-month-old parturition rates during 1994-2010 (Fig. 3) and October calf weights
during 1990-2010 (Fig. 10). Most strikingly, nutritional status was lowest during summers 2008
and 2009, as indicated by low calf weights in those years and low 36-month-old parturition rates
in subsequent years. However, nutritional status was moderate during more recent years, 2010—
2012. Average parturition rates of 36-month-old caribou appeared to offer a useful index to inter-

FORTYMILE CARIBOU HERD: INCREASING NUMBERS, DECLINING NUTRITION, AND EXPANDING RANGE



and intra-herd nutritional status of Alaska caribou (Figs. 5 and 6, Table 6). Adams and Dale
(1998) concluded that each annual 36-month-old parturition rate was a cumulative index of the 3
prior years’ nutrition, because caribou that calved for the first time had reached a particular herd-
specific weight. Similarly, we found the best predictors of 36-month-old parturition rates in the
Fortymile herd to be the prior 3 years of October calf weights. The same relationship explained a
substantial portion of the variability in 36-month-old parturition rates for both the Delta and
Nelchina herds. Although weather variables led to improvements in model parsimony and
predictive capability, the importance of specific weather variables in determining Fortymile
parturition rates remains unclear. The only model that stood out from the calf-weight-only
models in terms of R* did so because of an interaction term that was highly dependent on data
from only 2 years, 1992 and 1998. While this interaction term was biologically sensible and
predictions for low parturition rate years were improved, the reliance on only 2 years of data kept
us from endorsing the model. We concluded that longer term data is required to verify the
significance of weather to the Fortymile herd, as well as to further develop our understanding of
the relationship between average calf weights and 36-month-old parturition rates.

Data from the Denali herd supported using parturition rates of 36-month-old caribou as an index
to herd nutritional status. Caribou generally first give birth at 36 months of age; seldom do they
give birth at 24 months of age. However, those individuals that give birth at 24 months of age
regularly give birth again at 36 months of age (Davis et al. 1991, Adams and Dale 1998, and this
study). Thus, the value of the index is preserved as caribou nutrition improves. For example, the
Denali herd had both the highest parturition rate among 24-month-old (27%) and 36-month-old
caribou (88%) in Alaska (Table 6, Fig. 6; Adams and Dale 1998). Nutritional status was not an
important factor limiting the Denali herd; rather the herd was maintained at low densities by
predation, primarily predation on calves (Adams et al. 1995).

Reduced nutritional status was previously implicated when 36-month-old parturition rates fell
below 55%, particularly in the Denali, Delta, and Nelchina herd case histories (Table 6; Adams
and Dale 1998, Valkenburg et al. 2003). The lowest parturition rates in Interior Alaska (Table 6)
were related to the most extreme snowfalls (winters 1990-1991 and 1992-1993) and
corresponding short summers (Boertje et al. 1996). In particular, caribou birth rates were low
across the continent in 1993 in response to the short, cold summer of 1992 caused by the
eruption of Mount Pinatubo in the Philippines in June 1991 (Table 6; Bergerud et al. 2008:298—
299). Boertje et al. (1996) detailed the corresponding weather-induced declines in calf:cow ratios
in the Delta, Denali, and Macomb herds from 30-36:100 (1988—-1989) to 4-18:100 (1990-1993);
these herds reside south and southwest of the current Fortymile herd range and primarily on the
north slopes of the Alaska Range. In contrast, Fortymile weather variables and calf weights were
not unusual in 1992 (except for the low number of snow-free days, Table 5) and calf:cow ratios
and herd numbers did not decline in 1993 (Table 2), presumably due to the relatively hot and
dry, continental climate of the Fortymile range. However, Fortymile 36-month-old parturition
rates averaged only 44% in 1993 (n =9, Fig. 7), and herd numbers ceased increasing and
stabilized during 1990-1995 (Table 2).

We searched for a specific high caribou density that might cause low parturition rates in Interior
Alaska, but no well-documented cases exist where Interior Alaska herds declined largely from
density-dependent causes. The highest well-documented peak density among non-insular Alaska
herds was reached in the Western Arctic herd in 2003 (>1.3 caribou/kmz; Valkenburg et al. 1996,
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Dau 2009). In contrast, the Fortymile herd’s recent density (0.88 caribou/km?, Table 7) is high
for Interior Alaska and similar to the Delta herd’s peak density in 1989 (0.89/km?), when adverse
weather initiated a strong decline in Delta caribou numbers and density (Boertje et al. 1996,
Valkenburg et al. 1996).

Unlike the consistently low 1993 parturition rates among 36-month-old caribou in the Denali,
Delta, and Fortymile herds, the low 2009—2010 Fortymile parturition rates were unique among
the herds studied (Table 6). Thus we were stimulated to define a cautionary signal to low
nutritional status among caribou, particularly among Interior Alaska caribou. Establishing a
cautionary signal or threshold appeared timely and proactive. We proposed using a 5-year
moving weighted average of 36-month-old parturition rates below 55% to signal low nutritional
status, potential overgrazing, and possible justification for more liberal harvests. This biological
threshold signaled the initiation of lengthy periods of nutritional stress in 3 of 3 prior cases, and
did not trigger a management concern in any other case (except in the case of the Fortymile herd
in 2012; Table 6). In 2 of the cases (Delta and Mulchatna herds), the lengthy periods of
nutritional stress were temporary and concurrent with rapid declines in herd numbers
(Valkenburg et al. 2003, Woolington 2009). In the third case (Nelchina herd), reduced nutritional
status was noted but several factors acted to enhance caribou survival (Valkenburg et al. 1994,
2003) and harvest rates were elevated to stabilize herd numbers (Tobey and Schwanke 2009). In
the Denali herd, the 5-year moving weighted average has consistently remained well above the
threshold of 55% (range = 75-97%, X = 88%, 1991-2011), as expected given the herd’s
relatively high nutritional status (Adams et al. 1995).

We also found several other reasons to support using a 5-year period for averaging parturition
rates. First, most stakeholders support continued herd growth and do not want to overreact to
short-term declines in nutrition by increasing harvest prematurely. For example, a 3- or 4-year
moving average could be unduly influenced by 1 or 2 years of severe weather or local
overgrazing. Second, we believe most stakeholders would choose to attempt to manage below
peak unsustainable densities. A 5-year moving average could enable managers to increase
harvest in response to the initial 3 years of overabundance (Table 6). After periods of
overabundance >3 years in duration, herd trend is more likely to be decreasing, even in the
absence of harvest. Finally, cost is another factor for recommending a 5-year moving weighted
average. We estimated that sample sizes of 14 caribou per year for 5 years (n = 70) provided a
relatively cost-effective, yet statistically robust, index to herd nutritional status (Fig. 9).
However, sample sizes other than 14 may be justifiable depending on herd-specific
circumstances and the manager’s tolerance for risk, as evaluated using power analyses.

Without this nutritional threshold, we could inadvertently accumulate too many caribou until the
herd rapidly declines again, or we could reach an elevated density where the herd will not sustain
the minimum desired harvest. We caution that this low nutritional threshold could also be a result
of extended adverse weather, so managers should agree that overgrazing is the most likely cause
for low nutrition before advocating for liberalized harvest. Caribou may also move to new areas
after overgrazing a particular area, so monitoring of movements can be useful to explain changes
in parturition rates.

We caution that simultaneous data on both nutritional status (e.g., Figs. 3 and 10) and herd
trajectory (e.g., Fig. 1) are necessary to prudently manage caribou harvest. For example, the

FORTYMILE CARIBOU HERD: INCREASING NUMBERS, DECLINING NUTRITION, AND EXPANDING RANGE



Fortymile herd may eventually decline in numbers nearly simultaneous to a decline in
36-month-old parturition rates, as occurred in the Delta herd during 1989—-1993 (Valkenburg et
al. 2003). Under those circumstances, increased harvest, ostensibly to improve nutrition, could
accelerate a decline to lower numbers.

Studies of other herds show changes in 36-month-old parturition rates also coincided with or
followed changes in herd trajectory. For example, 36-month-old parturition rates in the
Mulchatna herd increased substantially (Fig. 6) simultaneous to herd recovery (Woolington,
unpublished data). Also, low 36-month-old parturition rates existed during rapid declines of the
Mulchatna and Northern Alaska Peninsula herds; no data were collected during initial declines in
these herds (Fig. 6; Butler 2009, Woolington 2009).

Declining nutritional status in the Fortymile herd was also indicated by the significant decline in
October calf weights (P = 0.02, R* = 0.24, 1990-2010). Attempts to explain the variability in calf
weights with only weather variables largely failed. The top model had R* = 0.44 with nearly all
of the variability explained by a snow index:July precipitation interaction term. This interaction
term was not biologically or mechanistically clear. For example, July precipitation should be
equally or more important to calves in years of below-average snowfall compared with years of
above-average snowfall. Therefore, we concluded that this relationship was likely spurious, and
we found no evidence for a strong weather effect.

Valkenburg et al. (1994) investigated the effects of a multitude of weather variables on Fortymile
calf percentages in early winter and identified 3 weather variables as potentially important:
average July temperature, total July rainfall, and the snow index from the previous winter.
However, we found no corroborating evidence to support a relationship between calf:cow ratios
in early winter and weather variables. Even complex models yielded limited explanatory strength
and were not mechanistically helpful in explaining the variation in calf:cow ratios. We
acknowledge that weather patterns in the vast, remote Fortymile herd range were inadequately
measured. Also, the interactions of favorable and unfavorable weather are ill-defined as they
relate to caribou calf:cow ratios, particularly in the Fortymile herd where predation has a
dominating effect on early calf survival (Boertje and Gardner 2000a).

FORTYMILE HERD MOVEMENTS, RANGES, AND DENSITIES

If, as it appears, weather was a minor factor adversely affecting herd nutrition in summers 2008
and 2009, causative factors could have been localized overgrazing, widespread overgrazing, or
other unidentified factors. We surmised from herd movements that, in 2008, summer expansion
outward from the isolated, core upland tundra (7,000 km?) into surrounding spruce-moss taiga
was at least one of the factors causing low calf weights in October 2008 and reduced
36-month-old parturition rates in 2009. Most migratory caribou herds in Alaska and Canada use
mostly tundra in the summer and mostly taiga in the winter (Davis 1980, Bergerud et al. 2008).
Taiga provides a relatively poor summer diet (Boertje 1984, 1990). Also, during the 17 years of
radiotracking (1992-2008), we observed an unpredicted, marked expansion in range size during
summer and autumn (Fig. 12), with accompanying declines in summer density (Fig. 27). This
may have been an indicator of localized overgrazing of the core upland tundra. In contrast, we
observed an expected, slow expansion of the early winter, winter, and precalving ranges

(Fig. 12).
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We found supporting documentation that summer range can be an important factor limiting
caribou at peak numbers. Bergerud et al. (2008) concluded that 1) depleted summer range was a
major factor in causing density-dependent declines in several large migratory caribou herds, and
2) summer range affected herd trajectory by affecting fecundity. Mahoney and Schaefer (2002)
surmised that 8-week earlier caribou movements off a summer range in Newfoundland reflected
heightened competition for summer forage, because these movements occurred simultaneous to
declines in parturition and survival when caribou numbers were high and increasing. Also,
Manseau et al. (1996) documented degradation of the George River herd’s calving and summer
habitat concurrent with increasing herd size and diminished body size, birth rates, and survival
(Crete et al. 1996). Later, after herd size declined, caribou remained on the summer range

3 weeks longer (Mahoney and Schaefer 2002, Bergerud et al. 2008).

Fortymile calving and postcalving densities on the core uplands reached and exceeded the high
thresholds (5-10 caribou/km?) described by Bergerud et al. (2008), where density-dependent
nutrition limitation might be expected and cause for concern. For example, calving densities
were 25 caribou/km? in 2001, 23 in 2007, and 42 in 2008 (Fig. 15). These high densities largely
resulted from increased herd size (Fig. 1) simultaneous to decreased size of the calving area
(Fig. 12). For example, after 2000, the herd largely abandoned the upper Salcha River during
calving (Figs. 13 and 14). We surmised that these high densities, and continued almost
year-round use of the uplands (Fig. 11), ultimately triggered early summer departure from the
Fortymile herd’s core uplands and potentially adversely affected nutrition in 2008 and 2009
(Table 6).

The Fortymile herd’s high tolerance for elevated density during calving (relative to other
seasons) may have been a trade-off between lessened predation and localized overgrazing. For
example, elevated calving density has previously been described as a common strategy among
large caribou herds to reduce predation risk on highly vulnerable young calves, particularly if
calving can occur in areas with less predation (Bergerud et al. 2008). The general strategy is to
greatly outnumber the local predators and to avoid a more expansive and consequently larger
predator base.

Given the almost 9-fold increase in herd size (Fig. 1), we expected the slow increase in winter
density (Fig. 27). However, we did not expect a slow decline in summer density (Fig. 27), which
we hypothesized to be an indicator of stress. Likewise, we did not expect to find an extrapolation
of the data that indicated the size of the summer range may eventually exceed the size of the
winter range (Fig. 26). Elsewhere, summer ranges of large migratory herds are consistently
smaller than winter ranges. We inferred that the relatively rapid expansion in summer range may
simply be temporary and possibly a result of discontinuous upland tundra in the current
Fortymile range and overgrazing on the core uplands. More specifically, we expect the summer
range expansion rate may slow considerably after the herd regains use of the historic and
expansive summer range in the White Mountains just west of the Steese Highway.

CARIBOU RESPONSE TO RECENT BURNS

An alternative explanation for the relatively rapid expansion of the summer range (Fig. 12) is
that caribou were simply expanding summer movements into the large 2004 and 2005 burns
(Figs. 19 and 28). These burns would have provided an improved summer diet compared to
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unburned spruce forests dominated by a moss ground cover (Boertje 1984, 1990). However,
summer range expansion began prior to the large 2004 and 2005 burns (Fig. 12). Thus, caribou
did not appear to be responding concurrent to the large burns in summer. Nevertheless, some of
these burns were utilized by Fortymile caribou in summer 2008.

No clear test exists for evaluating whether burns affected Fortymile winter movements at the
scale we measured. For example, caribou avoid burns in winter (Joly et al. 2003), so herd
movements might be expanded or contracted in response to burns. However, the slow increase in
winter range throughout this study (1992-2008; Fig. 12) indicated little or no expansion or
contraction in response to the large burns on the winter ranges during 2004 and 2005 (Fig. 28).
Factors contributing to high adaptability of Fortymile caribou to the burns in winter include the
low proportion of total range burned in the last 50 years; relatively high winter mobility

(Fig. 12); relatively low winter density (Fig. 27); probable high lichen quantity and quality on
current winter range (Boertje and Gardner 20004, Collins 2006); and the ability of wintering
caribou to avoid burns <50 years old (Thomas et al. 1996) and choose unburned inclusions and
perimeters of burns (Joly et al. 2003). Dunford (2003) reported caribou avoidance of burns
decreased with increased wildfires. Fortymile caribou annual range is fairly unique in Interior
Alaska in having a preponderance of mature spruce stands dominated by a moss-lichen ground
cover, suitable primarily for winter habitat (Boertje 1984, 1990).

High winter use in and around the large burns immediately north of Tok (Fig. 28) by the
Nelchina herd added a competing factor for winter forage in this area, as well as a better test for
the effect of the 2004 and 2005 burns on caribou nutrition. This burned area and adjacent areas
included the primary wintering range of the Nelchina herd since winter 1994—-1995 and
contained a large area burned in the mid-1960s (Joly et al. 2003). Nelchina caribou were known
to feed largely on the perimeter of the 1960s burns and in unburned inclusions prior to the 2004
and 2005 burns, so Nelchina caribou were already restricted to relatively small areas for feeding
while traveling through the burns (Joly et al. 2003). Given that a major portion of the Nelchina’s
primary wintering area north of Tok burned twice in 40 years, we would have expected Nelchina
parturition rates to decline if the 2004 and 2005 burns were major factors controlling caribou
parturition rates. However, the Nelchina herd’s parturition rates were mostly low during 1997—
2005 and increased during 2006-2010 (Fig. 7, Table 6). Thus we concluded that the 2004 and
2005 burns did not reduce the Nelchina herd’s nutrition. Apparently Nelchina caribou found
adequate winter forage in adjacent areas, suggesting the Fortymile winter range was not
overgrazed.

Long-term studies have consistently indicated little or no impact of fire on population dynamics
of caribou (Scotter 1967, Skoog 1968, Bergerud 1974, Johnson and Rowe 1975, Miller 2000,
Dunford 2003, Payette et al. 2004, this paper). The earliest studies suggested that large burns had
negative effects on caribou (Leopold and Darling 1953, Scotter 1965). This theory was largely
based on the propensity of fire to destroy slow-growing lichens, which provide a unique source
of highly digestible energy and are the preferred winter forage of caribou (Boertje 1984, 1990).
However, Alaska caribou numbers have recently increased at high rates on the North Slope with
very low lichen consumption (Boertje et al. 1985, Alaska Department of Fish and Game 2009).
Bergerud (1996) reported that caribou do not require lichens.

WILDLIFE TECHNICAL BULLETIN 14 e BOERTJE ET AL. 2012



CURRENT ESTIMATES OF HISTORIC FORTYMILE HERD NUMBERS

Herd management is somewhat based on past peak numbers, so stakeholders desired a critical
review of reported peak numbers. Murie (1935:6) reported that caribou crossed 100 km of gravel
road (the original Steese Highway) traveling only one direction for 20 consecutive days, day and
night, in autumn. Based on some daily crude counts, Murie extrapolated to an estimate of
568,000 roadside caribou. An accurate estimate would have required multiple vehicles and
continuous travel, because most of the road was surrounded by forest, and only a few kilometers
of the road were visible from any single vantage point. Yet Murie (1935) did not mention the
number of observers, transportation mode used, or number of daylight and nighttime hours spent
traveling. Thus, there are many reasons to question the accuracy of Murie’s estimate. In contrast,
we trust that Murie’s (1935:51) mapping and descriptions of herd movements were relatively
reliable (Fig. 29), because movement data were based on conversations with people who relied
on the herd and who were distributed throughout the herd’s range. Also, McDonald and Cooley
(2004) corroborated Murie’s reports of Fortymile herd movements in the Yukon.

To hypothetically fill this historic range with caribou, we regressed herd size over range size
(Fig. 30) during 5 periods when average Fortymile herd size increased from 11,796 to 43,481
(Table 7). Bergerud et al. (2008:327) provided a comparative fill rate for the George River herd,
where an additional 740 km? was required for each 1,000 caribou, as herd size increased from
180,000 to 600,000 caribou. To compare our results, we reversed the dependent and independent
variables of our regression. The slope of this reversed relationship indicated the Fortymile herd
used an additional 548 km? for each 1,000 caribou. Differences in fill rates could result from
differences in habitat quality, for example more area would be required for each 1,000 caribou
when habitat quality is relatively low. We expect future studies will improve estimates of fill
rates. We currently had only 5 points to derive our regression, and we extrapolated to 261,202
caribou with a range size 5-fold greater than the current range size. Also, we assumed the
relationship remained linear (Fig. 30).

Management Implications and Recommendations

USER OPPORTUNITY AND INTEREST

As a minimum, most users want the opportunity to view or harvest Fortymile caribou, in most
autumns or winters, along the Steese and Taylor highways and near the Yukon border. Given
recent history, this opportunity is most likely to be satisfied when herd numbers exceed 35,000,
and particularly when herd numbers exceed 45,000.

Proponents for a larger Fortymile herd argue that broad interest in the herd will approach historic
levels when the herd once again frequents the Steese Highway during calving and summer. At
approximately the same time, expansive eastward winter migrations should largely return to
Dawson, Yukon Territory and beyond (McDonald and Cooley 2004). During 1900-1963, the
herd regularly calved west of the Steese Highway (Valkenburg and Davis 1986). Also, the herd
regularly crossed to upland areas northwest of the Steese Highway and southeast of the Taylor
Highway in spring, summer, and autumn. Given past history, resumption of these movements
will likely occur regularly after herd numbers exceed 60,000 (Table 7, Fig. 29).

FORTYMILE CARIBOU HERD: INCREASING NUMBERS, DECLINING NUTRITION, AND EXPANDING RANGE



MANAGING WITH REGARD TO WOLVES

Desires for elevated Fortymile caribou numbers should be tempered with the realization that
previous rapid increases in herd size occurred during 2 periods of greatly reduced wolf numbers,
unlike any recent periods. The first period was during and shortly after epidemics of diseases that
killed sled dogs and probably wolves (1916—1925; Murie 1944:14—16). Murie (1944) found no
wolf tracks during winter 19221923, despite extensive travels by dog sled across Interior
Alaska, including a trip through the main Fortymile winter range. The second period was during
federal aerial wolf control that included air-dropping poison baits and deploying cyanide guns,
especially along the Steese and Taylor highways (1950s, Valkenburg et al. 1994). In contrast,
Fortymile caribou regularly live with average wolf densities of 7 wolves/1,000 km?, except
during localized wolf control (Boertje and Gardner 2000a). Predation by wolves has been the
dominant factor limiting Fortymile herd size in recent decades (Boertje and Gardner 2000a,
Boertje et al. 2008). Most other large North American herds (>50,000 caribou) have a long
history of spring migrations north of the arctic treeline to space newborn calves away from
moderate wolf densities. Also, rabies epizootics have been known to reduce wolf numbers in
coastal areas of northern and western Alaska and northern Canada, where the largest caribou
herds reside (Ballard et al. 1997). To our knowledge, Fortymile wolves have not contracted
rabies.

The highly accessible Nelchina herd is the only Alaska herd actively and successfully managed
to keep herd size stable, and intensive management of predators plays a key role. Predator
harvest and particularly wolf control have proved more challenging and less successful on the
more remote, more forested, and more federally-protected Fortymile range (particularly the
calving range) than on the Nelchina calving and summer ranges. Therefore, we do not know
whether we can successfully reallocate caribou from predators to people in the Fortymile herd,
particularly when Fortymile herd parturition rates regularly decline below 55%. For example,
calf:cow ratios could decline with lower parturition rates, which would likely result in lower
sustainable harvest rates.

MANAGING WITH REGARD TO RANGE/NUTRITIONAL STATUS

Desires for elevated Fortymile caribou numbers should be tempered with the realization that
additional spring and summer upland tundra may be of key importance to realizing continued
herd growth. Compared with other large migratory caribou herds (Bergerud et al. 2008:179—
181), the Fortymile herd’s current annual range (Fig. 11) has a low proportion of range above
treeline (17%), so taiga predominates over upland tundra. Based on historical movements, the
most likely path to greatly increased upland spring and summer range will include crossing the
Steese Highway and returning to the White Mountains and adjacent uplands.

From studies elsewhere, we know that peak caribou numbers are temporary, lowered birth rates
will occur before peak numbers are attained, and widespread overgrazing of the summer range is
likely to be the single factor most likely to ultimately cause a pronounced and often prolonged
decline in caribou herd nutrition and numbers (Bergerud et al. 2008). Thus, in the future,
Fortymile managers must compromise between 1) growing the herd large enough to expand into
key portions of the former range, and 2) growing the herd too large for its nutritional well being.
However, winter icing events, deep snow, short summers, and concurrent increased predation
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can strongly elevate mortality temporarily, and cause reductions in herd size independent of
summer range conditions and density (Boertje et al. 1996). Also, predation, particularly
predation on calves, is the chief factor maintaining caribou at low densities in Interior Alaska
(Adams et al. 1995, Boertje et al. 1996, Boertje and Gardner 2000a, Valkenburg et al. 2004).
Thus, caribou in Interior Alaska are well nourished during most years (Table 6, Fig. 6). A
notable exception was the Nelchina herd during 1997-2005. One explanatory hypothesis is that
the Nelchina calving and summer ranges may have been compromised by caribou
overabundance in the mid-1960s and mid-1990s, and may only recently be recovering (Tobey
and Schwanke 2009; R. Schwanke, Wildlife Biologist, ADF&G, Glennallen, personal
communication).

If nutritional status appears compromised by widespread overgrazing, we recommend
conforming to a management scenario proven successful for the adjacent Nelchina caribou herd
(Tobey and Schwanke 2009) and Tanana Flats moose (Alces alces) population (Boertje et al.
2007, 2009). In the Nelchina herd case history, a decision was made in 1995 to substantially
increase harvest and stabilize the herd at 35,000—40,000 caribou from a herd size near 50,000.
Alternatively, the Nelchina herd could have been allowed to regain the mid-1960s level of
70,000 caribou and probably experience another rapid decline. At 35,000—40,000 caribou, the
Nelchina herd sustained the highest reported harvest rate for caribou herds in Interior Alaska (X
= 5.8% of herd size annually, 1997-2009) with herd size stable (A = 1.002; Tobey 2003, Alaska
Department of Fish and Game 2009, Tobey and Schwanke 2009). This contrasted with a total
estimated average annual harvest rate of 1.6% of herd size in the Fortymile herd (1997-2010)
while allowing herd size to grow 4.5% each year. Thus, the potential sustainable harvest rate was
6.1% for the Fortymile herd with moderate and declining nutrition (Table 6), which was similar
to the 6.0% potential sustainable harvest rate for the Nelchina herd with mostly lower and
increasing nutrition (Table 6) yet uncompromised calf survival. Calf:cow ratios averaged 35:100
in the Nelchina herd versus 32:100 in the Fortymile herd during 1997-2009. The highest
sustained harvest rates for moose in Interior Alaska also occurred where moose had the lowest
nutritional status (Boertje et al. 2007) yet uncompromised calf survival (Boertje et al. 2009).
Low nutritional status has been instrumental in justifying harvests aimed at stabilizing ungulate
numbers (Boertje et al. 2010).

Longer term data are needed to test the utility of the 55% threshold to warn managers of
impending declines in herd numbers. Until then, we are recommending the threshold be used as a
cautionary signal to notably reduced nutritional status that has been linked to immediate or
imminent herd decline. Each management scenario will likely have a unique set of
circumstances.

In the case of the Fortymile herd, the 5-year moving weighted average parturition rate in 2012
was 54%, similar to the cautionary threshold of 55% (Table 6). We recommend managers use
this triggering to warn stakeholders of a potentially significant decline in herd nutritional status.
If the 5-year rate remains <55% through May 2014, the Board of Game should be prepared to
support stabilizing herd numbers in autumn 2014, particularly given that larger sample sizes (n =
>15 collared 36-month-olds) are expected beginning in 2013. Stabilizing herd numbers may
require a more liberal harvest of up to 3,000 caribou (up from 1,000). Forewarning stakeholders
of such a change is essential to maintaining public support. If Fortymile caribou begin calving or
summering in new upland areas simultaneous to triggering the threshold, managers may consider
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waiting a year or 2 to see if the herd benefits from the new calving and summer range. However,
in general, when the threshold is triggered, we would recommend against waiting for a herd to
change movements.

To prudently manage the Fortymile herd, we recommend continued annual monitoring of trends
in herd numbers and nutritional status. To monitor trend in herd numbers, we recommend
continued annual June photocensuses and October surveys to estimate calf:cow ratios. To
monitor nutritional status, we recommend annual: 1) weighing of 15-20 4-month-old females;
2) estimating parturition rates of >14 36-month-old females (Fig. 9); 3) estimating parturition
rates of all known-age females >48 months of age; and 4) mapping of seasonal range use to
assist with explaining how, when, and where overgrazing may adversely affect nutrition. Calf
weights provide a within-herd index to nutritional status, and long-term data are needed to
further test the predictive relationship between weights and 36-month-old parturition rates. To
achieve a known-age, radiocollared sample of 14 36-month-old females, we recommend
radiocollaring 10-15 females as short yearlings in late April or early May to supplement the
sample of calves remaining post-winter and to allow for mortality between 12 and 36 months of
age. We have no recommendations for monitoring range use using vegetative sampling.

We recommend costs be considered when deciding how to monitor year-round range use
because costs may outweigh benefits, and the priority is to adequately estimate parturition rates
of 36-month-old females. One exception is that monitoring expansion of the calving,
postcalving, and summer ranges by the Fortymile herd may be extremely relevant; for example,
if the herd begins reestablishing use of the White Mountains or other upland areas.

MANAGEMENT OBJECTIVES

We propose that a biologically-sound objective for the Fortymile herd is to eventually stabilize
herd size. Specifically, we propose intentionally stabilizing herd size when the 5-year moving
weighted average of 36-month-old parturition rates declines below 55% and overgrazing, not
adverse weather, is the most likely cause for the low nutrition. This management scenario would
fulfill current mandates for the Fortymile herd to be managed for “near maximum sustained
yield” (Alaska Fish and Game Laws and Regulations:949). For example, given recent studies,
maximum sustained yield (in absolute numbers of caribou harvested) may well be attained near
some elevated herd size when we first observe a sustained period of nutrition limitation. In
contrast, current intensive management objectives simply specify the Fortymile herd be managed
for a population of 50,000—-100,000 caribou with an annual harvest of 1,000—15,000.
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FIGURE 1. Fortymile caribou numbers from photocensuses, 1973-2010, Interior Alaska.
Valkenburg and Davis (1989) analyzed somewhat incomplete data from the 1973—-1975
photocensuses to derive a constant minimum value of about 6,000 caribou.
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FIGURE 2. Growth of the Fortymile caribou herd based on photocensuses,1973-2010, Interior
Alaska.
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FIGURE 3. Parturition rates and 90% binomial CIs (truncated at 1.0 in 9 cases) among radiocollared
36-month-old caribou in the Fortymile herd, 1994-2010. The low parturition rates in 2004, 2005,
2009, and 2010 caused a significant decline in trend based on using annual data and logistic
regression (generalized linear model) in Program R (slope on the logit scale = —0.17 [SE = 0.048],
P =0.0003, R* = 0.390). Annual sample sizes ranged from 6 to 12 (X = 8).
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FIGURE 4. Parturition rates and 90% binomial Cls (truncated at 1.0 in 3 cases) among radiocollared
caribou >48 months of age in the Fortymile herd, 1994-2010. The low parturition rates in 2003,
2009, and 2010 caused a significant decline in trend based on using annual data and logistic
regression (generalized linear model) in Program R (slope on the logit scale = —0.04 [SE = 0.022],
P =0.046, R* = 0.098). Annual sample sizes ranged from 33 to 57 (X = 48).
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female caribou during 12 study periods using simple linear regression, 1981-2011, Alaska. Data are
from 8 different herds as detailed in Figure 6. We excluded data from the Nelchina herd because
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caribou to stabilize herd growth.
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FIGURE 6. Average annual parturition rates of radiocollared 36-month-old caribou and trends in
herd size from 4 studies (solid bars) when caribou exhibited relatively high reproductive rates
(>80%), 6 studies (gradient bars) when caribou exhibited moderate rates (55-80%), and 4 studies
(open bars) when caribou exhibited low rates (<55%), Alaska. We chose study periods based on
years when herd trend was relatively consistent. All caribou were radiocollared as calves. The
total number of 36-month-old caribou sampled during the respective study years is given by 7.
References include L. Adams, USGS, unpublished data for Denali and Chisana herds; Boertje et
al. (1996) and Seaton (2009; C. T. Seaton, ADF&G unpublished data, Fairbanks) for Delta herd;
Caikoski (2009; J. R. Caikoski, ADF&G unpublished data, Fairbanks) for Porcupine herd; this
paper for Fortymile herd; Woolington (2009; J. D. Woolington, ADF&G unpublished data,
Dillingham) for Mulchatna herd; Lenart (2009; E. A. Lenart, ADF&G unpublished data,
Fairbanks) for CAH (Central Arctic herd); Tobey (2001), Tobey (2005), and Tobey and
Schwanke (2009; R. Tobey and B. A. Schwanke, ADF&G unpublished data, Glennallen) for
Nelchina herd; and Butler (2009) for NAP (Northern Alaska Peninsula).
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FIGURE 7. Parturition rates of radiocollared caribou 36 months of age, Fortymile and Nelchina
herds, 1993-2011, Alaska. Data labels are sample sizes, ranging from 2 to 12 per herd/yr.
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FIGURE 8. Parturition rates of radiocollared caribou >48 months of age in the Fortymile and
Nelchina herds, 1993-2010, Alaska. Annual sample sizes ranged from 33 to 57 (x =48) in the
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Example using bimodal parturition rates
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Example using trends in parturition rates
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FIGURE 9. Examples showing the probability that the moving weighted average will fall below
the 55% threshold given various patterns of true parturition rates and different sample sizes. We
considered constant annual and 5-year (in parentheses) sample sizes of 10 (50), 14 (70), 18 (90),
or 22 (110) and true parturition rates distributed either bimodally or with constant trend, although
the ordering of the rates was inconsequential to the results. The figures demonstrated the power
of the moving weighted average to trigger a response (decline below 0.55) under a variety of
scenarios.
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FIGURE 10. Trend analysis on female calf weights at 4 months of age in the Fortymile caribou herd,
19902010, Interior Alaska. Annual sample sizes ranged from 14 to 18. The linear mixed effects
model indicated a significant linear decrease of 0.22 kg/yr (P = 0.02). We provided 95% Cls for
sample estimates.
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the area referred to in text as the core uplands or core upland tundra (7,000 km?).
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FIGURE 12. Range sizes (km?) during each of 7 seasons over a 17-year study period when herd
size doubled, Fortymile caribou herd, 1991-2008, Interior Alaska and adjacent Yukon. We used
simple linear regression to describe the trend in seasonal range sizes during the study period. For
summer and winter seasons, we provided equations for the trend lines and the associated R* and

P values.
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FIGURE 13. Estimated mean Fortymile calving site density generated using averaged fixed kernel

utilization distributions, 1992-2000, Interior Alaska (n =9 years, 341 birth sites of collared

caribou). We present the percentage of calving sites of collared caribou, rather than density of
the herd’s calving sites, which would require incorporating the herd size and parturition rate
Calving use of the upper Salcha River was periodic, not continuous, during 1992-2000
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FIGURE 14. Estimated mean Fortymile calving site density generated using averaged fixed kernel
utilization distributions, 2001-2008, Interior Alaska (n = 8 years, 270 birth sites of collared

caribou). We present the percentage of calving sites of collared caribou, rather than density of
the herd’s calving sites, which would require incorporating the herd size and parturition rate.
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FIGURE 15. Caribou density during calving (11 May—27 May, bulls excluded) and postcalving
(28 May-30 June, bulls included), Fortymile herd, 1992-2008, Interior Alaska.
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FIGURE 16. Percentage of 611 birth sites of radiocollared female caribou in portions of drainages,
Fortymile caribou herd, 1992-2008, Interior Alaska.
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FIGURE 17. Estimated mean Fortymile calving site density generated using averaged fixed kernel
utilization distributions, 1992-2008, Interior Alaska (n = 17 years, 611 birth sites of collared

caribou). We present the percentage of calving sites of collared caribou, rather than density of
the herd’s calving sites, which would require incorporating the herd size and parturition rate.
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FIGURE 18. Overlap among 17 years of postcalving (28 May—30 June) ranges based on locations
of radiocollared, female caribou, Fortymile caribou herd, 19922008, Interior Alaska. The area

depicted (excluding red) largely encompassed the area we refer to in text as the core uplands or
core upland tundra (7,000 km?).
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FIGURE 19. Overlap among 15 years of summer (1 July—15 August) ranges based on locations of
radiocollared, female caribou, Fortymile caribou herd, 1994-2008, Interior Alaska and adjacent

Yukon.
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FIGURE 20. Overlap among 16 years of autumn (16 August—30 September) ranges based on
locations of radiocollared, female caribou, Fortymile caribou herd, 1992-2007, Interior Alaska
and adjacent Yukon.
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locations of radiocollared, female caribou, Fortymile caribou herd, 19922008, Interior Alaska
and adjacent Yukon. Sample size would have been 17 years, except that no overlap existed
between 2 winters when caribou were separated onto extreme eastern or western ranges.
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FIGURE 24. Overlap among 17 years of winter (1 December—31 March) ranges based on locations
of radiocollared, female caribou, Fortymile caribou herd, 1991-2008, Interior Alaska and
adjacent Yukon.

WILDLIFE TECHNICAL BULLETIN 14 ¢ BOERTJE ET AL. 2012



148° 147° 146° 145° 144° 143° 142° 141° 140° 139° 138°

¥ Number of Years Present
W &
i o€ 1 8% 10
N o208 1

oL 3 0f 12
O 4 9% 13
ol s o 14
06 9 15 | 65°
7 o 16
Ol s 9 17

W/ ot o

& ‘ e e g

R

66°

Yitikos, DY

CHENA HOT
SPRINGS RD.

65°
M Fairbanks
e
-64°
%%
=
a
647
LS
B -63°
4
H g e =
T T ‘ ‘ ‘ T ‘ + ‘ ‘
1487 147° 146° 145° 144° 143° 142° 141° 140° 1397

FIGURE 25. Overlap among 17 years of precalving (1 April-10 May) ranges based on locations of
radiocollared, female caribou, Fortymile caribou herd, 1992-2008, Interior Alaska and adjacent
Yukon.
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FIGURE 26. Relationships between seasonal range size, during winter (1 December—31 March)
and summer (1 July—15 August), and caribou numbers for a 17-year period when herd size
doubled, Fortymile caribou herd, 1992-2008, Interior Alaska and adjacent Yukon. Based on
extrapolation of the results of simple linear regression, we might predict winter and summer
range sizes will be similar when herd numbers reach 81,225. However, in other herds, winter
range sizes are larger than summer range sizes (Bergerud et al. 2008). We surmised that the
relatively rapid increase in summer range size may be indicative of stress and possibly a

temporary phenomenon.
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FIGURE 27. Relationships between seasonal caribou density, during summer (1 July—15 August)
and winter (1 December—31 March), over a 17-year study period, Fortymile caribou herd, 1992—
2008, Interior Alaska and adjacent Yukon. Based on extrapolation of the results of simple linear
regression, we might predict that summer and winter densities may be similar in about 2015.
However, in other herds, winter caribou densities are lower than summer densities (Bergerud et
al. 2008). We surmised that the decline in summer density may be indicative of stress and
possibly a temporary phenomenon.
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post-wildfires, 1992-2008, Interior Alaska and adjacent Yukon.
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FIGURE 29. Cumulative multi-year Fortymile caribou herd distribution delineated during 5 study

1992-2008 (this study), 1986—1990 (Valkenburg et al. 1994), and 1980—-1985 (Valkenburg and
Davis 1986), Interior Alaska and adjacent Yukon.

periods from largest to smallest range size, 1918-1924 (Murie 1935), 1952—-1955 (Skoog 1956),
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FIGURE 30. Relationship between average herd size and total multi-year range size during 5 study
periods, each 5 or 6 years in duration (open circles), Fortymile caribou herd, Interior Alaska and
adjacent Yukon. The solid line and solid circles depict the results of linear regression in

Program R used to estimate average herd size during 1952—-1955 (55,102 caribou) and 1918—
1924 (261,202 caribou), when range size was estimated but no reliable methods were available
for estimating herd size (slope = 1.080 [SE = 0.518], intercept = —21,120, P = 0.128, R*=0.59).
The dashed lines are the 90% prediction intervals.
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TABLE 2. Estimated number of Fortymile caribou harvested, percent of herd size harvested, and
number of calves:100 females >1 year old, 1970-2010, Interior Alaska and adjacent Yukon.

No. of F No. of
Estimate of herd  Percentof >1yrold calves:100 F
Estimated harvest® numbers” or herd sampled in > 1 yr old in
Year M F interpolations® harvested  Sep or Oct* Sep or Oct*
1970 956 430 15,000 9.2 no data
1971 1,298 1,062 11,000° 21.5 no data
1972 638 692 7,500° 17.7 484 21
1973 61 14 6,000 1.3 2,292 16
1974 41 4 6,000 0.8 1,078 20
1975 49 26 6,000 1.3 no data
1976 44 8 6,667° 0.8 476 34
1977 87 8 7,333¢ 1.3 543 45
1978 19 11 8,000° 0.4 417 26
1979 30 0 8,666° 0.3 no data
1980 50 0 9,333¢ 0.5 no data
1981 100 0 10,093 1.0 547 31
1982 200 0 11,200° 1.8 901 27
1983 294 0 12,350 24 1,058 33
1984 430 20 13,402 3.4 no data
1985 421 20 14,400° 3.1 574 36
1986 360 20 15,303 2.5 842 28
1987 229 20 17,600° 1.4 1,274 37
1988 645 150 19,975 4.0 770 30
1989 401 100 21,400° 2.3 1,182 24
1990 321 22 22,766 1.5 1,002 29
1991 495 10 22,325° 2.3 931 16
1992 432 35 21,884 2.1 1,417 30
1993 335 11 21,994° 1.6 2,095 29
1994 313 15 22,104 1.5 1,710 27
1995 203 22 22,558 1.0 1,879 32
1996 145 5 23,458 0.6 2,601 36
1997 143 8 25,910 0.6 3,313 41
1998 151 4 31,029 0.5 2,433 38
1999 142 13 33,110 0.5 2,347 37
2000 142 8 34,640 0.4 3,780 27
2001 493 215 37,552¢ 1.9 3,645 38
2002 694 193 40,463° 2.2 3,347 39
2003 636 188 43,375 1.9 3,777 17
2004 615 253 43,000° 2.0 2,445 28
2005 569 186 43,000° 1.8 1,391 18
2006 620 254 43,000° 2.0 2,839 34
2007 771 271 43,837° 24 3,031 37
2008 705 227 44,673° 2.1 2,164 32
2009 892 222 46,510 24 2,036 33
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No. of F No. of
Estimate of herd Percentof >1yrold calves:100F

Estimated harvest® numbers” or herd sampledin > 1 yrold in
Year M F interpolations® harvested  Sep or Oct’  Sep or Oct’
2010 514 57 51,675 1.1 4,146 32

* Harvest was from Valkenburg et al. (1994) for 1970-1983, Boertje and Gardner (2000a) for 1984-1997,
Gardner (2003) for 1998-2001, and Gross (20096) for 2002—-2007.

® Estimates of herd size are from Valkenburg et al. (1994) for 1970—-1990 and Gross (20095) for 1992—
2007. The 1970 estimate was a crude estimate, whereas the remaining estimates originated from
photocensuses. Valkenburg and Davis (1989) reevaluated the 1973—1975 photocensuses and, based partly
on low calf:cow ratios, concluded that herd size was likely stable between 5,740 and 8,610 caribou during
1973-1975. We chose an estimate of 6,000 as the low point in herd size. After 1982, we conducted
photocensuses with the benefit of radiocollared caribou, which greatly enhanced the efficiency of locating
the largest groups of caribou.

¢ Average interpolations of herd size are provided, because herd size was not estimated.

¢ Estimates of numbers of calves:100 F > 1 yr old are from Valkenburg et al. (1994) for 1972—1984 and
Gross (2009b) for 1985-2008.

¢ Herd size was likely nearly stable during 2003—2006 based on low calf:cow ratios.
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TABLE 5. Average female weights at 4 months of age in the Fortymile caribou herd and weather
variables, 1990-2011. Weather variables were from Valkenburg et al. (1994) and Boertje et al.
(1996).

Average
4-month-old Total July  Average July No. days
weight rainfall temperature Snow Snow
Year (kg)* SE (mm) (©) index (in)® <2.54 cm

1990 52.75 1.155 34 17.3 155 163
1991 53.93 1.372 22 14.9 136 164
1992 55.12 1.679 39 16.2 120 138
1993 56.14 0.857 47 16.4 108 165
1994 54.45 1.232 19 16.9 106 172
1995 56.69 1.183 85 15.4 116 175
1996 54.74 1.404 31 15.9 82 178
1997 59.31 1.288 75 16.6 113 173
1998 53.01 1.313 37 16.8 139 208
1999 54.67 0.974 56 14.8 72 166
2000 56.70 1.140 98 14.7 111 158
2001 54.13 1.128 120 14.6 106 162
2002 52.03 1.312 37 14.9 84 168
2003 51.06 1.019 75 16.2 99 185
2004 53.68 1.624 65 16.8 143 163
2005 51.44 1.315 21 15.3 128 171
2006 54.36 1.827 33 16.2 108 174
2007 53.89 1.059 19 17.8 100 169
2008 47.45 1.273 153 14.2 59 162
2009 48.76 0.973 8 16.3 99 188
2010 54.73 1.296 113 15.3 89 179
2011 50.63 0.956 93 15.7 111 =
Average 53.62 58 15.9 108 171

* Sample sizes were 14—18, except in 2011 (n = 26).

® Snow index was the sum of the Eagle monthly maximum snow depths (in) for November, December,
January, February, March, and April (e.g., for 1990, November and December 1989 was combined with
January, February, March, and April 1990).

¢ Data not yet available.
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TABLE 8. Numbers of caribou in 18 Interior Alaska herds during 3 inventories by the Alaska
Department of Fish and Game, 1993-2011. Herd numbers were not estimated annually, but each

inventory contained the most recent herd estimates.

Interior herds 1993 2002 2011
Beaver Mountains 649 125 70
Chisana 850 300 700
Delta 3,661 2,800 2,985
Denali 1,890 1,900 2,100
Farewell-Big River 750 750 750
Fortymile 21,884 45,000 52,000
Fox River 75 70 75
Galena Mountain 275 400 100
Hodzana No estimate No estimate 780
Macomb 500 600 1,300
Mentasta 880 300 350
Nelchina 40,361 35,000 40,233
Rainy Pass 750 1,800 1,500
Ray Mountains 700 2,000 1,370
Sunshine Mountains 800 150 370
Tonzona 800 700 1,000
White Mountains 1,000 750 650
Wolf Mountain 650 600 450
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©2009 ADF&G — Photo by Rodney D. Boertje. Radiotracking flight in June to look for caribou grouping
above the treeline, in this case on snowbanks.
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