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ABSTRACT 

Elucidation of factors responsible for dramatic fluctuations 

in population levels of Alaskan .~ifer herds was undertaken 

through data analysis and modeling of two mainland and two 

introduced island herds. The pronounced decline of the Western 

Arctic Rerd from 1970 to 1976 largely resulted from high hunting­

induced mortality, including substantial waste by traditional 

subsistence hunters, and, secondarily, from wolf predation and 

relatively high overwinter natural mortality rates on calf and 

sub-adult cohorts. Recruitment of calves to th.e fall during the 

decline was relatively high; the role of increased natural adult 

mortality rates is uncertain. The effect of immigration and 

emigration was negligible. Population requlation mechanisms of 

the herds analyzed are presented. Increased overwinter natural 

mortality of calves appears to be the most important initial 

regulating mechanism for large herds. The reliability of numerous 

sampling techniques was evaluated and management implications and 

needs for future research discussed. 
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When the last great herds 

have been slaughtered, 

the last range divided; 

it will be lonely then, 

the wind, Eriophorum, 

and legends • 



CHAPTER 1. INTRODUCTION 

The population size of a given species is the result of a 

multitude of factors, including mechanisms, intrinsic to the species 

(i.e., reproductive potential, longevity, territoriality) and 

regulating factors of the environment (i.e., weather, predation, food 

availability, nesting habitatl as well as the previous historJ of 

the species and its habitat. Ideally, a population study of a species 

should integrate knowledge of all these factors into a dyr~c system 

that can explain observed population fluctuations. Ultimately, ~~e 

test of our understanding of the population dynamics of a species is 

our ability to predict future population trends. Predictive ability 

usually hinges on obtaining sufficient demographic information upon 

which to base future population projections, but financial limitations 

restrict research, often producing insufficient data bases and 

precluding an adequate understanding of the population dynamics of a 

species in its habitat. 

In Alaska, the State Constitution mandates management of 

wildlife populations on a sustained yield basis. Sustained yield 

management demands a ~~orough understanding of the population regu­

lating mechanisms of ~~e species as well as accurate and precise 

demographic data concerning the species. Wildlife management agencies, 

as caretakers of wildlife resources, must understand and monitor the 

wildlife populations sufficiently to prevent or minL~ze undesired 
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declines. In Alaska, increasing human access and population 

have placed greater demands on the wildlite resources. Consequently, 

population dynamics studies attempting to construct descriptive as 

well as predictive population models are of paramount importance to 

•Nise management of our wildlife resources. 

Cari:bou (Jla:ngifer tara:ndus gra:n:t;i,) inhabit a large portion of 

~~e tundra and taiga biomes of Alaska (Skoog 1968~. The hunting of 

caribou is an important ~~~od of obtaining food by rural residents 

and has become a cultural tradition of many no~~ern native people 

(Rausch 1951, Sonnenfeld 1957, Gidding 1961, Foote and Williamson 

1966, Saario and Kessel 1966, Burch 1972, and others). Patterson 

(.l974), for example, found that residents in eleven villages in the 

Nor-~west Alaska Native Association region harvested an average of 

2,132,850 pounds of caribou meat, representing nearly 75 percent of 

the total subsistence meat obtained in those villages. As a game 

resource in Alaska, ~~e harvest of caribou during ~~e 1960's exceeded 

the har~est of all other big game species combined (Hemming 1971) . 

Caribou are a unique and valuable component of the ecosystems in 

Alaska and the conserration of caribou resources should be a high 

priority of wildlife managa~ent. 

Wide population fluctuations, rather than stability, have been 

~~e rule in Alaskan caribou herds (Murie 1935, Bee and Hall 1956, Lent 

l966b, Skoog 1968, Bos 1975, Hemming 1975, LeResche 1975). The main 

factors influencing caribou numbers in Alaska are believed to be 
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wea~~er, preda~ion, and emigration (Skoog 1968). 3ergerud (l974c) 

emphasizes the role of hunting and wolf (Canis Z.upus) prediction in 

the decline of caribou in North America. Haber (1977) has hypo­

thesized ~~t exchange of animals among herds triggers population 

eruptions and declines. Presently, caribou are at relatively low 

numl:lers in Alaska (.Hemming l97l, Bos 1975, LeResche 197 5, Klein and 

White 1978), and L~ ~~e barren-grounds of no~~western Canada 

(Kelsall 1968; Thomas 1969; Parker 1971, 1972; G. Galef, pers. 

corr.). tow caribou population levels, coinciding wi~~ increasing 

"development" of northern environments and increasing human popu­

lations have caused considerable concern for ~~e future of large 

caribou herds. 

The purpose of this study has been to elucidate the population 

dynamics of t."le Western Arctic Caribou Herd (WAH) , which occupies a 

range of approximately 362,700 km2 in the extreme northwestern region 

of Alaska (Hemming 1971), and to develop a model which would be 

useful in bo~~ analyzing and predicting that herd•s population 

trends. The study entailed both evaluation and analysis of available 

demographic information on the herd as •Nell as assisting the Alaska 

Department of Fish and Game (ADF&G) wi~~ its current population study 

of the herd. t·lhen the project was initiated in September, 1975, the 

WAH was considered to be the largest caribou herd in Nor~"l America; 

in 1970 the herd ·~s estimated to contain a minimum of 242,000 animals 

~egau and Hemming 1972). The need to critically analyze the 
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available population data on the WAH and to develop a model 

explaining population fluctuations of the herd became evident when 

fall reconnaissance flights by ADF&G in 1975 indicated the herd was 

undergoing a rapid decline. The objectives of this study, pertaining 

to the WAH, were as follows: 

1) To determine the principle factors responsible for 

the decline of the WAH, and 

2) To simulate possible future trends of the WAh, given 

a range of management alternatives and population 

responses by the herd. 

The paucity of demographic data on WAH caribou prevented the 

construction of an adequate population model of the herd. Consequently, 

review of other population studies of Rangifer to derive various 

population parameters was necessary. Some attributes, such as a 

single young per breeding female (Skoog 1968, Dauphine 1976) and 

lack of a decline in conception rates with increasing age (Dauphine 

1976), were considered valid generalizations for caribou population 

models. Other characteristics, such as reproductive rates, post­

natal survival of calves, rates of wolf predation, and age- and sex­

specific natural mortality rates were either widely variable between 

studies, inadequately documented, or herd- and time-specific. 

Review and analysis of population data from other herds was 

necessary in order to develop a model of caribou population dynamics 

and to determine important parameters of caribou population ecology. 
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Analysis of data was complicated by factors such as a lack of 

collection of demographic data, data collected using different 

classification categories, and ~~e unreliability of accuracy and 

precision assessments of most of the sur:ey data. As is shown later, 

some of the assumptions made in collecting the population data were 

often invalid. Consequently, some of the estimates of population 

characteristics were dangerously misleading. Simulation modelL~g 

was extremely useful in revealing discrepancies in ~~e data. 

However, the problem of determining the reliability of the data 

constantly plagued the analysis and modeling attempts, and 

necessitated ~~e third objective of this study: 

3) 	 To evaluate, whenever possible, the surveying techniques 

used to collect demographic data on caribou herds. 

An evaluation of all caribou herds in Alaska was beyond the 

limitations of this study. In addition to the WAH, only the 

population dynamics of the Nel~~ina Caribou Herd (NCH) and two 

introduced island herds were analyzed and modeled. The NC:i was 

chosen for four important reasons: 

a) 	 It is, by far, ~~e most intensively studied caribou herd 

in Alaska from a population dynamics standpoint (Skoog 1968). 

b) 	 The wolf population on the herd's range has been 

investigated more intensively and over a longer period 

than in any other region of Alaska (Rausch 1967, 1968, 

1969a; Stephenson 1978). 
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c) 	 Various aspects of t."'le population dynamics of th.e herd 

have been previously evaluated (Watson and Scott 1956, 

Skoog 1968, Bos 1975, Hemming 1975). 

d) 	 Since population studies were initiated on the MCH, the 

herd has increased, peaked, and declined (Bos 1975) , a 

pattern of "boom and bust" exhibited by other Alaskan 

caribou herds. 

Introduced herds of Rangife~ on St. Matt."'lew and Adak islands 

were ~~osen for analysis because they represented isolated, 

predator-free herds exhibiting a high intrinsic growth rate {Klein 

l96S, Burris and McKnight 1973). The simplified environments of 

t.~ese herds were useful for testing the population model developed 

for the NCH, and for evaluating the demographic data available on 

the herds. In addition, the population dynamics of those herds 

demonstrated important population characteristics of Rangifer under 

"ideal" environmental conditions. The latter point is especially 

valuable since t.~e Adak Island Herd (A!H) origi~ated from caribou 

obtained from t."'le NCH (Jones 1966). 

The objective of population evaluation and analysis of the NCH 

and the ~~o island herds was 

4) 	 To critically analyze relevant population data available 

on these herds to obtai~ insight into the relationships 

betNeen population fluctuations and parameters such as sex 



7 

ratios, age structures, and age-specific mortality 

and recruitment rates. 

Before proceeding further, defining some terms used L~ ~~is 

study is advisable. Caribou population is defined as all caribou 

in Alaska (see Skoog (1968)]. Caribou subpopulations are all caribou 

in six geographic regions of Alaska described as 

.•. simply designated regions in which the 
subpopulations of caribou have been more or less 
discrete entities over ~~e past 100 years and 
somewhat isolated as well. As will be shown later, 
there have been inter~~anges of animals between 
these regions on various occasions (Skoog 1968:205). 

A herd 'is a group of caribou that repeatedly use a given area to 

calve, distinct from calving areas of other groups of caribou 

(Ibid.). Figure 1 illustrates important caribou herds in Alaska. 

The term "population" is also used in its more general sense, 

referring to any group of associated individuals with common 

reproductive and mortality rates, when using such te~nology as 

"population dynamics" and "population modeling." 

Calves and yearlings refers to animals zero to 12 mon~~s old and 

12 to 24 months old, respectively, unless otherNise defined. Terms, 

such as 2+ and 3+, refer to animals 24 months of age and older and 

36 months of age and older, respectively. Five year old caribou are 

caribou 60 to 72 months old, 5 to 6 year old caribou are caribou 

60 to 84 mon~~s old. 
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1. Nelchina 

, , 2. St. Matthew Island 

3. Adak Island 

4. Western Arctic 

5. McKinley 

6. Delta 

7. Mentasta 

8: Chisana 
' ·...... 9. Mulchatna 

10. Beaver 

11. Fortymile 

0 2~0 500 12. Porcupine 
Kilometers 1-!-! 

13. Central Arctic 

ocEAN 14. Kenai 
pACIFIC 

15. Alaska Peninsula 

Figure l. 	 Approximate locations of Ranqifer herds in Alaska. 
Sources are Skoog (1968), Hemming (1971), and 
cameron and Whitten (in press). 
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!t is important to realize that this study relied largely on 

population data collected by many o~~er resear~~ers, especially 

ADF&G personnel. Ideally, population modeling and data analysis 

should be done by the researchers involved, as was done in modeling 

the Kaminuriak barren-ground caribou herd of Canada (Sunnell et al. 

1975). The urgency to evaluate our present knowledge of caribou 

population dynamics and sampling techniques justifies ~~e "single­

handed" approach of ~~is study, ~~d I accept sole responsibility 

for all conclusions made regarding ~~e data. 



CHAPTER 2. DATA ANA.LYS IS A.I.'ID ?OPUI..ATION MODELING 


OF THE ~~INA C;RIBOO ~RD (1954-1977) 


A. !NTRODUCTION 

The Nelchina Caribou Herd belongs to the southcen~ral 

subpopulation of the Alaskan caribou population and occupies a 

center of habitation located in the Nelchina Basin (Skoog 1968) . 

The herd•s traditional range (Figure 2) is bounded by ~~e Alaska 

Range on t."'le north, ~~e Chugach t-iountains on the south, the Parks 

Highway on the west, and the Wrangell Mountains on the east (Hemming 

1971). Skoog (1968) estizated that the herd•s range during the 

early 1960•s totaled 45,000 km2, of which 31,100 km2 were 

considered suitable habitat for caribou. For a detailed description 

of t.~e topography, climate, vegetation, and mammalian fauna of the 

Nelchina Basin, as well as seasonal movement patterns and habitat 

utilizations of the NCH, see Skoog (1968) , ?egau and Hemming (1972) , 

and Bos (1973, 1974b). 

Research on the herd was begun in 1948 by ~~e United States 

Fish and Wildli!e Se~~ice (US~NS) and has continued since 1959 under 

~"1e direction of ~"1e Alaska Depart.~ent of Fish and Game (Skoog 1968). 

Because other herds in Alaska have not been well studied over an 

extended period, analysis of the demographic data from the NCH during 

its recent increase, peak, and decline is especially valuable in 

10 
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100 200 lcm 

L Nelchina 

2. Mentasta 

3. Delta 

4. McKinley 

5. Fortymile 

6. Chisana 

(§)Calving Grounds 

Figure 2. Approxir~te boundaries of Nelchina and 
adjacent caribou herds (1954-72). 
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providing insight into population trends in other caribou herds, 
t 

as well as in evaluating various research techniques used in 

collecting population information. 

B. 	 RESULTS AND DISCUSSION 

1. 	 CRITICAL ANALYSIS OF THE NELCHINA CARIBOU HERD FALL 
COMPOSITION DATA (1954-72) 

A critical analysis was made of the herd composition data 

for the NCH during its recent increase, peak, and decline, which 

extended from the late 1940's (Hemming 1975) to 1972 (Bos 1973), 

approximately 25 years. Because composition data were not collected 

until the mid-1950's (Skoog 1968), the analysis of the composition 

of the herd is restricted to the period of 1954-72. During the 

mid-1950's, intensive hunting of the herd and rather intensive 

monitoring of the human harvest began, the first accurate population 

estimate of the herd was obtained (Scott and Watson.l956, Skoog 1968), 

and wolf protection and research in the herd's range was initiated 

following the virtual elimination of wolves as a resul~ of a federal 

control program (Rausch 1967). Population size, herd composition, 

and wolf and human predation are all necessary demographic parameters 

of the population dynamics of the herd. 

Analysis of the composition data is complicated by the 

inconsistent method of classifying animals in different years or at 
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different times of t~e year, the lack of data during many years 

within the time interval from 1954-72, and the fact ~~at assumptions 

made in collecting the data may not have been valid due to V~Jing 

segregational patterns of ~~e caribou (see Chapter 4}. Skoog (l96S: 

505-506) characterized the segregation of the NCH as follows: 

The basic segment of a caribou herd can· be 
considered as being the "cows with calves" group. 
These animals have a tendency to remain more or less 
together during much of ~"le year. To this group are 
attached most of the "cows •,o~ithout calves," although 
these frequently are found in greatest abundance on 
~~e peripheries, and tend to lag somewhat during 
major movements. Yearlings are associated more 
closely with the "cows without calves" group, and 
usually the males are not fully represented. 
'l"'NC-year-old bulls are rather common sometimes in 
the cow-calf segment of ~~e herd, but older bulls are 
mostly absent, but to varying degrees. Evaluating 
data from aerial counts can be quite a problem without 
the benefit of more detailed ground segregation counts. 

During the rutting period, however, an aerial 
calf-count should reveal ~"le actual proportion of 
calves in the herd at ~~at time. In addition, one 
also can dete~ne ~"le proportion of bulls 3-years+, 
because these animals are identified readily from 
the air by body and antler size. 

The following analysis considers four age groupings of animals: 

(a} 3+ males, (b) 3+ females, (c) yearlings and two-year-olds, 

and (d) calves • 

a. 3+ Males 

Because adult males are separated from the herd during most of 

the year (Skoog 1968), the first step in analyzing the composition 
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of the herd is to build a representati •1e picture of the 3+ males. 

This procedure is complicated by inconsistent classification of 

adult males. I."l 196 7 and 1968, males 2 years and older were classified 

together (Hemming and Glenn 1968, 1969), and, since 1969, all males 

older than calves have been classified toge~i.er (Bos 1973, l974b). 

On 6 November 1962 an aerial composition count classified all 4+ males 

together (Skoog 1963). The percent of 3+ males in this count was 

estimated using the following equation: 

(l) 

where 

PM3 - estimated percent of 3+ males in the herd, 

NM4 - nUll'l.ber of 4+ males in the count, 

N_ 
;::. = total sample size of t.i.e composition count, and 

R = ratio of t.":.ree-year-old males to 4+ males 

obtained in a ground composition on 

1-2 October 1962 (Skoog 1968). 

Sos (1975) estimated that 6.7 percent of the herd in ~i.e early 

1970's was 3+ males, based on the observed percentages of l+ males 

in the fall (1971-72) ar.d short yearlings in late winter (1970-72) , 

and the assumptions ~i.at 80 percent of the non-calves in the late 

winter composition counts were l+ females, that 45 percent of the 

short yearlings ~•ere females, that no differential mortality 

occurred bet~een short yearlings ar.d 2+ females !rem late winter to 

http:toge~i.er
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~~e following fall, and ~~at ~~e survival rate of males from 

17 months to 29 mon~~s was 0.663. w~ile verification of ~~e 

assumptions used by Bos would be difficult, the fall percentages 

of l+ males obtained in the 1971 and 1972 counts (20.6 and 20.7 

percent, respectively) are indicative of a considerable decline 

in the portion of adult males in the herd (Bos 1973, l974b). In 

lieu of other data during the early 1970's, ! have used Bos's 

(1975) estimate of 6.7 percent to represent ~~e percentage of 3+ 

males in ~~e fall of 1972, when intensive hunting pressure on ~~e 

adult male coho~ was alleviated (Table l) , fully realizing ~~is 

estimate is subject to error. 

Figure 3 illustrates the results of a linear regression of 

the percent 3+ males in the herd and time, using all available fall 

composition data (Skoog 1963, 1968; Onp. data summarized by G. sos, 

Caribou Files, ADF&G, Fairbanks). Figure 3 indicates no significant 

trend in the percentage of 3+ males over time, with wide flucuations 

between some years. The average percentage of 3+ males L~ the 

counts is 10.5 (Sa 3.73), and a 95 percent confidence interval of 

the mean is 7.4 to 13.6 percent. 

Skoog (1968), in reviewing ~~e data prior to 1967, concluded 

~~at only the 20 October 1956 and the 1-2 October 1962 composition. 

counts were representative of ~~e 3+ male segments of the herd. 

Figure 4 shows the results of a linear equation of the percentage 

of 3+ males regressed on time, deleting all counts prior to 1966 
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except the two counts cited above. This linear regression model, 

referred to hereafter as Equation 2, indicates a significant decrease 

in the percentage of 3+ males from 1955 to the early 1970's (b = -0.652, 

l? < 0.025) and "explai.t'ls" 95.8 percent of the variance i."l the percentage 

of 3+ males in the fall composition counts. The differences between 

the percentages of 3+ males in the fall composition counts and the 

percentages predicted by Equation 2 were regressed on the data (number 

of days after 30 September) of the counts (Figure 5) . Composition 

counts t~~en after 20 October had absolute differences of 2.7 to 12.8 

percent from ~~e values predicted by the linear regression model 

(Equation 2). The three "selected" counts, plus the fall composition 

counts on which Sos (1975) based his estimate, were all conducted 

within ~~e period l-20 October, which corresponds closely to the peak 

rutting period tearly to mid-October) of the NCH (Skoog 1968) . 

Based on ~~e arguments advanced above, as well as the fact that 

the selected data are from peak periods of rutting activi~J, Equation 2 

(Figure 4) was used to generate ~~e percentage of 3+ males used in the 

subsequent analysis of this section (Table l). An assumption made in 

analyzing the remainder of the fall composition data was that ~~e calves, 

yearlings, two-year-old males, and 2+ females ·~re randomly mingled 

with each other during t.~e rut and post-rut periods ~vhen the 

composition counts were obtained. Similar assumptions have been made 

by other w~rkers analyzi."lg t.~e composition of the NCB (Skoog 1968, 

Sos 1975). Figure 5 suggests that 3+ males are often underrepresented 
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in the 	fall counts; consequently the fall composition data were 

adjusted using the following fo~la: 

Pa "' 	 Pc x [ tlOO - PM3) I (.100 - PM3C) J , (3) 

where 

Pa • 	 actual fall percentage of a given age-sex 


cohort (.calves, yearlings, two-year-olds, 


3+ females}, 


PC • percentage of the given age-sex cohort in 


the composition count, 


,. fall percentage of 3+ males from
PM3 


Equation 2, and 


percentage of 3+ males in the fall
PM3C "" 


composition counts. 


b. 3+ 	 Females 

Females 3 years of age and older were never directly classified 

in any of the composition counts, hence ~~is proportion in the NCE 

had to be determined indirectly. In 1956, 1959, and 1962, ground­

based composition counts separated one- and two-year-old males from 

l+ females, while aerial-based counts classified these cohorts 

together (Skoog 1968; Unp. data summarized by G. Bos, Caribou Files, 

ADF&G, Fairbanks). The proportion of 3+ females (PF ) in the fall3

composition counts in these years is estimated using ~~e following 
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for:nula and assuming a SO: 50 sex ratio in the yearlings and 

~wo-year-olds combined: 

PF3 $ [ (NFl-Nl<l.2l + [ [ ECNFl-NMJ.2l 1 (Nn+NM12 l I) x "slJ] INs' c•l 

where 

= number of one- and two-year-old males and 1+ 

females in the aerial-based counts, 

= number of 1+ females and one- and 

two-year-old males, respectively, 

in the grou.."'l.d-based counts, and 

= total number of animals classified L"'l bo~~ the 

aerial and the ground based composition counts. 

In 1971 and 1972, caribou were classified as calves, 1+ males, 

and 1+ females. Therefore, the following equation, which assumes 

a 50:50 sex ratio for yearlings and t~o-year-olds combined, is used 

to estimate the proportion of 3+ females in the herd in these years: 

= (5) 

where 

= number of 1+ males in the fall composition counts, 

= estimated number of 3+ males in the fall composition 

counts obtained by multiplying the estimated 

percentage of 3+ males in the herd (Equation 2) 

times N5 , and PGJ, NFl' and Ns are as defined in 

Equation 4. 

http:CNFl-NMJ.2l
http:NFl-Nl<l.2l
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The estimated percentages of 3+ females in ~~e composition 

counts in 1956, 1959, and 1962 were adjusted to the estimated 

percentage in the herd using Equation 3. The results are listed 

in Table l. 

First, second, and third degree polynomial regressions were 

calculated for the estimated percentage of 3+ females and time. 

Both first and second degree polynomial regressions were significant 

(P < 0. 005 and P < 0. 025 , respecti ·.rely) . Because the sum of squares 

of the quadratic te.rm did not contri.l::lute significantly to the 

overall regression sum of squares (P = 5 .16 1 df = l/2 1 0.10 < P < 0. 25) , 

the linear regression was selected as the "best fit" of t."le data. The 

linear equation is: 

19.4 + l.33X (6)I 

•,o~here 

X • 0 in the year 1950. 

Equation 6 accounts for 96.1 percent of the variance in the 

percentage of 3+ females in the fall composition counts and is usef~l 

in su.l::lsequent analysis of the composition data. 

c. Yearlincs at'ld TWo-Year-Olds 

Skoog (1969) found a 1.24:1.00 ratio of male yearlings to male 

two-year-olds out of 360 one- and two-year-old males classified in the 

fall of 1962. These counts by Skoog are the only counts in which the 

ratio of yearlings to two-year-olds can be directly calculated. The 

http:1.24:1.00
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percentages of yearlings and of two-year-olds are calculated from 

all the available 1962 fall data (Skoog 1963, 1968), modiiying 

Equation 4 to calculate yearlings and two-year-olds L~stead of 3+ 

females and adjus~ing ~~e results using Equation 3. 

In 1969, two-year-old males were classified with 2+ females 

(Onp. ADF&G data summarized by G. Bos, Caribou Files, Fairbanks) 

and the following equation is used to estimate the percentage of 

two-year-olds CP ) in ~~e fall composition counts in that year:2

• (7) 

where, 

PM3 • percentage of 3+ males in the fall composition 

counts: 

P0 and P • percentages of calves and yearlings,
1 

respectively, adjusted to ~~e estimated 

percentage of 3+ males in the herd using 

Equation 31 and 

PF3 • estimated percentage of 3+ females in ~~e herd 

derived using Equation 6. 

The estimated ratio of P :P in 1969 is 1.66:1.00.
1 2 

Because two-year-old males are classified wi~~ 3+ males in 

1967 and 1968 (Hemming and Glenn 1968, 1969), it is not possible to 

directly adjust the data using Equation 3. To determine if adult 

males are representatively present in these counts, I estimated the 

percentage of 3+ males (PM ) using the following equation:3

http:1.66:1.00
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pM2 - ( 0 • 5 X p l X R) I { 8) 

where 

= percentage of 2+ males in t.i.e counts,PM2 

pl • percentage of yearlings, and 

R • average ratio of two-year-olds to yearlings 

in the 1962 and 1969 fall composition counts. 

The calculated percentages of 3+ males in the composition counts in 

1967 and 1968 are 17.4 and 2.6, respectively, compared to 11.0 and 

10.4 percent predicted by Equation 2. The assumed R value used in 

Equation 6 is extremely tenuous given the limited data on which it 

is based andtherather wide differences in the yearling:two-year-old 

ratios calculated in 1962 and 1969. It seems apparent, however, that 

large numbers of adult males were missed in the 1968 composition 

counts 1 as suggested by the researchers conducting t.i.e counts 

(Hemming and Glenn 1969). Consequently, t.i.e percentage of yearlings 

in t.i.e 1968 count was adjusted using Equation 3. The 1967 count was 

not adjusted, since the above analysis suggested t.i.e male segment was 

not underrepresented in t.i.ese counts. ·Table l summarizes the 

available composition counts and estimates for yearlings and 

two-year-olds. First t.i.rough third degree polynomial regressions of 

t.i.e percent of yearlings and time were not significant, even at the 

0.25 significance level. The average estimated fall percentage of 

yearlings is 14.0 (S • 4.4) with a 95 percent confidence interJal of 

8.5 to 19.5 percent. 
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d. Calves 

The percentages of calves in the NCH are available directly 

from the data for more years from 1954-72 than for any other cohort 

since calves can be readily distinguished from l+ adults from 

fixed-wing aircraft. The percentage of calves in 1968 was adjusted 

for missing adult males as described above for yearlings in that 

year; the percentages of calves in 1967, 1971, and 1972 fall counts 

were not adjusted due to reasons previously discussed; the percentages 

of calves in the remaining years were adjusted using Equation 3. 

Adjusting for the missing adult males lowers the percentage of 

calves an average of 1.5 percent, with the largest difference between 

observed and adjusted values equaling 2. 7 percent. Table l summarizes 

t.'le results. 

First through fo~-h degree polynomial equations were calculated 

for the fall percentages of calves regressed on time. None of t.~e 

equations ...,ere significant at the 0. 25 significance level. The 

average fall percentage of calves in the NC~ was 20.5 (S z 2.93) with 

a 95 percent confidence interval of 18.5 to 22.5. 

e. Conclusions Regarding ?all Composition Data 

Despite t.~e limitations of the data, the detailed analysis 

presented was useful in detecting t.'le presence or absence of trends 

in the proportion of various cohorts in the herd from 1954-72. The 

percentage of 3+ males declined from approximately 20 percent in 1954 

to 8 percent in 1972, while the percentage of 3+ females increased 
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at approximately ~wice the rate that the percentage of 3+ males 

declined. No trend was detected in the percentage of calves over 

time, indicating that the percentage of yearlings and t~o-year-olds 

combined declined from 1954 to 1972. 
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2. 	 OBSERVATIONS OF TSE COMPOSITION OF THE 
N'ELCHINA o..RDOU HE..'=ID AFT:ER ITS DECLIN'E 

Since 1971, t..~e NCB has been fairly regularly monitored by 

ADF&G. Changes in classification techniq1.1es make comparison of herd 

composition prior to 1970 with the herd composition since then more 

difficult. Recent researchers involved with population dynamics 

studies of the NCH believe that distinguishing yearlings or 

two-year-olds from older caribou during the composition counts is 

too subjective to provide useful information. Fall composition counts 

conducted wit..~n the first 20 days of October in 1973 and 1976 

revealed low percentages of 1+ males comparable to the herd 

composition in 1971 and 1972 (Bos l974b; s. Eide, Unp. ADF&G Data, 

Caribou Files, Fairbanks). Fall percentages of calves in 1973 and 

1976 are 23.1 {Bos 1974b) and 17.8 {S. Eide, Unp. ADF&G Data, Caribou 

Files, Fairbanks}, respectively, percentages comparable to the range 

of values found from 1955-72 (Table l) . Yearling recruitment has 

been estimated by comparing fall calf/1+ female ratios to late winter 

calf/1+ female ratios. Since 1972, late winter calf/1+ female 

ratios, ranging from 24 to 42 calves per 100 1+ females (Bos 1974b; 

Unp. ADF&G Data, Caribou Files, Fairbanks), indicate over~inter 

survival rates of calves similar to those estimated by Skoog (1968) 

during the herd's increase from 1955-62. 
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3. 	 .ANALYSIS OF TRENDS IN THE HARVEST DATA, 
N:EI.CEINA EE:RD (1954-71) 

Evaluating h~test data is useful for several reasons. First, 

hunting may be a significant mortality factor of the population 

and hence must be assessed. Second, various harvest parameters, 

such as age-sex structure and total harvest, may accurately reflect 

actual population parameters. This section places particular 

emphasis on assessing trends in the harvest data. 

The 	 following seven parameters from the harvests are analyzed: 

(1) total harvest, (2) percentages of males, (3) percentages of 

calves, (4) percentages of yearlings, (5) percentages of two-year-olds, 

(6) 	 percentages of 3+ females, and (7) percentages of 3+ males. Total 

harvests and the sex ratio of ~~e harvests were est~~ated from 1954-67 

and 	1954-68, respectively, by various crs~~s and ADF&G personnel from 

information collected at roadside chec~ stations and from interviews 

with guides and other hunters (Skoog et a1. 1963, Skoog 1968). The 

estimates of total harvests prior to 1968 accounted for unreported 

kill and wounding loss, although ~~e me~~od of estimating these two 

values was not standardized (see Skoog 1957, 1963; Scott et a1. 1958; 

Skoog et al. 1963; Lantfer 1965; McGowan 1966). Since 1968, total 

harvests have been estimated from the number of caribou reported 

killed by hunters returning har-~est report tickets extrapolated to 

~~e 	total number of hunters obtaining hartest tickets. Wounding loss 
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and illegal harvests have not been accounted for in the harvest 

estimates since 1967. 

The sex ratios of the harvests sL~ce 1968 have also been 

estimated directly from ~~e ret~ed harrest report tickets. The 

accuracy of this estimate can be checked by comparing the sex ratio 

obtained from the harvest report tickets with the sex ratio of 

mandible collections obtained in ~~e same year (Table 2). A 

significantly higher overall percentage of males is found in the 

harvest report tickets compared to the mandible collections from 

1969 to 1972 (P <0.01). One advantage of using the sex ratio based 

on harvest report tickets is that the harvest report tickets sample 

is 9. 2 times larger than the sample size of the mandible collection. 

However, if hunters are incorrectly reporting the sex of t..~e caribou 

taken, a correctly sexed mandible collection might then be more 

representative of the ha--vest than is ~~e hunter report. Correlation 

between the sex ratio of the mandible collection and the estL~ated sex 

ratio of the harvest {Table 3) is highly significant (r = 0.89, 

d£ = 14, P <0.001); hence, eit..~er sex ratio should be indicative of 

trends in the sex ratio of the harvest. 

The remaining five harvest parameters are estimated from samples 

of aged and sexed caribou killed by hunters. Bos (1975) indicated 

that calves and yearlings are underrepresented in these samples, 

due to a bias in ~~e collection process. Lacking other data for 

estimating age structure, I have ignored this bias, as did Skoog 
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Table 2. 	 Comparison of the estimated sex ratios f=om harJest repor~ 
tickets and f=om collections of caribou killed by hunters 
in the Nelchina Herd (_1969-72} . 1 

Harvest Percent Males Percent Males 
p2Season (Ha.-vest Tickets) (Bunter-Killed Cariboul 

1969-70 49.3 (_S ,3321 3 53.1 (439} >0.10 

1970-71 63.2 l4 1 018) 52.5 (.386} <0.01 

1971-72 46.6 (6, 743) 39.4 (.885) <0.01 

1972 71.7 (. 541) 80.6 (. 98} <0.02 

Average 
weighted by 
estimated 
total harvest 
(.Table 3) 52.9 (.4,158}4 48.5 (452) 4 <0.01 

lsources are Bos (.1973, 1974b) and unpublished ADF&G data, Caribou 
Files, Fairbanks. 

2variance [V(p)] of ~~e percentage of males (p) in ~~e samples 
calculated using the following equation for the variance of a 
binomial distribution: 

V(.p) .. E::!! . 5 
N n 

where N represents ~~e estimated harvest (Table 3), n represents 
the size of ~~e sample, and q represents 1-p. 

3sample size in parentheses. 
4Average sample size of 4 years. 
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Table 3. Seasons, bag limits, and estimates of total harvests and 
percentages of males in harvest, Nelchina Herd (1952-76) . 1 

Estimated Estimated 
Total Percent 

Year Season Bag Limit Harvest Males 

1952 10 Aug to 30 Sept 1 branch-antlered 450 93.4 
1 to 15 Oec male 

1953 10 Aug to 30 Sept 1 Oranch-antlered 700 84.5 
1 to 15 Dec male 

1954 10 Aug to 30 Sept l caribou except 2,000 71.8 
20 to 30 Nov calves 

1955 10 Aug to 30 Sept 2 caribou 4,000 72.5 
20 to 30 Nov 

1956 10 Aug to 3l Oec 2 caribou 3,500 71.8 

1957 10 Aug to 3l Dec 3 caribou 2,500 75.0 

1958 10 Aug to 31 Oec 3 caribou 3,500 

1959 10 Aug to 31 Dec 3 caribou 4,000 68.8 

1960 10 Aug to 31 Dec 3 caribou 5,500 66.1 

1961 10 Aug to 31 Oec 3 caribou 8,000 58.0 

1962 10 Aug to 31 Oec 3 caribou 3,500 68.7 

1963-64 10 Aug to 31 Mar 3 caribou 6,300 60.8 

1964-65 10 Aug to 31 l-tar 4 caribou 8,000 66.0 

1963-66 10 Aug to 31 Mar 3 caribou 7,100 67.0 

1966-67 10 Aug to 31 Mar 3 caribou 5,500 71.0 

1967-68 10 Aug to 31 Mar 3 caribou 4,000 65.0 

1968-69 10 Aug to 31 Mar 3 caribou 6,000 57.1 

1969-70 10 Aug to 31 Mar 3 caribou 7,800 49.3 

1970-71 10 Aug to 30 Sept 3 caribou 7,247 63.2 
l Nov to 31 Mar 

1971-72 10 Aug to 31 ~1ar 3 caribou 9,128 46.6 

1972 lO Aug to 20 Sept 1 caribou 5552 71.7 

1sources are McKnight (1975) and unpublished data, .~F&G, Caribou 
Files, Fairbanks. 


2Estimate considered low (Mc~~ight 1975). 
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Table 3. continued 

Estimated Estimated 
Total Percent 

Year Season Bag Limit Ha:rvest Males 

1973 10 Aug to 20 Sept 1 caribou 810 67.0 

1974 10 Aug to 20 Sept l caribou 1,193 66.0 

1975 5 Sept to 20 Sept l caribou 806 68.7 

1976 5 Sept to 20 Sept l caril::lou 822 73.6 
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(1968) and Bos (1975), in estima~ing the proportion of various 

cohorts harvested by hunters in t!'le NCB. I have assumed t."le 

proportion of calves and yearlings missed in ~~ese collections is 

small. 

The hunting seasons and bag limits varied somewhat from 1954 

to 1971 (Table 3) and may have influenced the harvest parameters. 

Although calves were not legal game in 1954, 14, or 2.3 percent, of 

601 hunter-killed car~ou collected in 1954 were calves (Unp. ADF&G 

Data, Caribou Files, Fairbanks). This value is included in the trend 

analysis of percentage of calves. Polynomial regressions of 

percentages wi~"l time were run; t."lose not significant at the 0.05 

level were rejected. If more than one regression equation is 

significant for a given parameter, the highest degree equation that 

had a significant (P < 0.05) increase in the total regression sums 

of squares is accepted as the "best fit 0 of the data. The regression 

sums of squares of the nth term over the residual mean square of the 

nth polynomial regression is used to test t.~e significance of ~"lat 

increase. 

Tr~ analysis of trends in the h~rest data is divided into the 

following categories: (l) total har-~est, (2) calves, (3) yearlings 

and two-year-olds, (4) males, and (5) 3+ females. Results are 

presented in Table 4. 
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a. ~ota1 Har~est 

Total har1est increased from 1954 to 1971, despite a declining 

number of caribou in the late 1960's and early 1970's. ~he linear 

regression model (Equation 9:Tab1e 4) accounted for 56.1 percent of 

the variance in the estimated total harvests. 

b. Calves 

The mean percentage of calves in ~~e harvest mandible collection 

from 1954-71 was 7.0 (S • 4.07), with a 95 percent confidence interval 

of 4.8 to 9.2. A ~~ird degree polynomial equation (Equation 10: 

Table 4) of the percentage of calves in ~~e harvest regressed on 

time produced the "best fit" of the data. In contrast, a third degree 

polynomial regression equation of the percentage of calves in the fall 

composition counts and t~e was not significant (F = 1.31, df = 3/7, 

0.25 < P < 0.50), suggesting that the calf proportions in the hunter 

harvest and in ~~e fall composition counts do not show similar 

relationships with time. 

c. Yearli.n.gs and TWo-Year-Olds 

None of the polynomial regressions of ~~e percentage of yearlings 

or of two-year-olds in ~~e harvest mandible collections and time were 

significant (Table 4) . A linear regression of ~~e combined cohorts 

(Equation 11:Tab1e 4) was significant, however (b = -0.736, standard 

error of b = 0.286, P < 0.025). The slope of Equation 11 agrees 

closely with the annual decline of 0.6a in ~~e percentage of yearlings 

http:Yearli.n.gs
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and two-year-olds combined calculated from the :a11 composition 

data, with the latter calculation based on the assumptions that 

~~e percentage of calves is constant over time, ~~at the percentage 

of 3+ females increases annually by 1.33 {Equation 6), and that a 

0.65 annual decrease in the percentage of 3+ males occurs 

(Equation 2) . 

d. Males 

A linear decline in the estimated percentage of males in the 

harvest was detected (Table 4) which corresponds to a similar decline 

in the percentage of various aged males in the fall composition data 

(Equation 2 and previous section on yearlings and two-year-olds). 

None of the polynomial equations of ~~e percentage of 3+ males in 

the mandible collections regressed on time were significant, however. 

Thus harvest composition data did not indicate a decline in the 

proportion of adult males in the herd, similar to that evident from 

~~e evaluation of ~~e fall composition data (Equation 2). 

e. 3+ Females 

All four polynomial regression e~Jations of the percentage of 

3+ females in ~~e mandible collections and time were significant 

(Table 4). The slope of the linear regression equation (b = 0.998) 

was not significantly different than the slope of the Equation 6 

(t = 0.949, df = 17, 0.25 < P < 0.50). The critical difference in 
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slopes (0.74) ~~at can be detected at a 0.05 signi£icance level, 

given the sample sizes and variances of the ~wo linear regressions, 

is ra~~er large, however. 
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4. 	 ANALYSIS OF HUNTER SEIZCT!VITY OF 
NELCEINA CARIBOU HERD (1954-71) 

Various authors have commented on the selectiveness of carizou 

hunters in Alaska (Rausch 1951, Saario and Kessel 1966, Skoog 1968, 

Bos 1975, and others); however, no one has analyzed hunter selectivity 

during an extended period of time or formulated mathematical equations 

defining hunter selectivity. Since the interpretation of harvest 

data in estimating sex and age structure of the population depends 

on an understanding of hunter selectivity, this section defines and 

analyzes hunter selectivity of caribou in the NCH. 

The 	 following equations are given for absolute (AHS.) 1
l. 

relative (RHSi), and percentage (PHSi) hunting selectivity of a 

given age-sex cohort (i) : 

AHS. :a (\ ith age-sex group in hunting harvest)
J. 

- (\ ith age-sex group in herd) 1 (14) 

aHS. :a AHS. I (\ ith age-sex group in herd) , (15)
J. J. 

PHSi = RHS. X 100. 	 (16)
J. 

PHS for calves is calculated by using the percentage of calves 

in the mandible collection as an estimate of ~~e percentage of calves 

in the hunting harvest and by using the adjusted percentage of calves 

in the fall composition counts (Table 1) as an estimate of the actual 

percentage in the herd. PHS for 3+ males and 3+ females are 

calculated using Equa~ions 2 and 6, respectively, to calculate the 
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estimated percentage L, the herd and by using the percentages of 

these ~NO respective cohorts in the mandible collections as an 

estimate of the percentages in the harvest. First through fourth 

degree polynomial regressions of PHS for cah·es , 3+ males, and 3+ 

females wi~~ tL~e were calculated and analyzed as described in ~~e 

previous section on trend analysis of the harvest data. The data 

on yearlings and two-year-olds is insufficient to allow estimating 

trends in hunter selectivity1 hunter selectivity for these cohorts 

are estimated indirectly as described below. The results of the 

analysis of hunter selectivity is divided into four sections: 

(l) calves, {2) 3+ males, (3) 3+ females, and (4) yearlings and 

two-year-olds. 

a. Calves 

Second and third degree polynomial equations of PHS of calves 

and time are significant at the 0. OS level. The quadratic equation 

gives the 1'best fit 11 of ~~e data and is shown in Figure 6. aunters 

selected against calves more during increasing and declining phases 

of the herd and showed less selectivity against calves during the 

highest population levels of ~~e herd. The greater selectivity 

against calves during the hunting seasons of 1955-56 and 1956-57 may 

have been partially influenced by the more restrictive bag limit of 

two caribou compared to three caribou in subsequent years (Table 3). 

Skoog (1968) believed that hunters in the Nelchina area were indis­

criminant with regard to the sex of caribou calves taken, but his 

hypothesis has not been tested directly. 
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Figure 6. 	 Quadratic regression of percentage hunter 
selectivity for calves and time in the 
Nelchina Caribou Herd (1954-71). 
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42 

b. 3+ Hales 

All four polynomial equations of ?HS of 3+ males over time are 

significant (P < 0.025). A third degree polynomial equation has the 

"best fit" and is shewn in !'igure 7. PSH of 3+ males declined 

slightly from 1954 to 1958, then increased nearly twofold by 1968 

before declining again in the early 1970's. Hunters of ~~e Nelchina 

herd from 1954 to 1971 were highly selective for 3+ males; moreover, 

hunters persisted in ~~eir desire to take adult males even after the 

total population and percent of 3+ males had apparently bequn to 

decline. The estimated PHS for 3+ males ranged from 71.1 to 405.1. 

c. 3+ Females 

None of the polynomial regression equations of PHS of 3+ females 

and time are significant at the 10 percent level. The mean PHS of 3+ 

females is -35.7 (S = 10.4), and a 95 percent confidence interval is 

-30.1 to -41.3. Hunters selected against 3+ females, in all ~~e 

years from 1954 to 1971, but no trend in the selectivity against 3+ 

females over ~~e given t~~e inter;al is evident. 

d. Yearlincs and !""'o-Year-Olds 

Of the 868 yearlings and 1, 010 two-year-olds from h•mter-ki.lled 

Nelchina caribou examined by US?NS and ADF&G from 1954-1971, 63.5 

percent of the yearlings and 62.8 percent of ~~e two-year-olds are 

males (sur~arized from unp. ADF&G Data, Caribou Files, Fairbanks). 

The sex ratio of yearlings from the hunter-killed animals is 
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Nelchina Caribou Herd (1954-72). 
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Sig:"J.ificantly di!fersmt than a SO:SO sex ratio (;(2. = 63.08, 

df • 1, P < 0.005). The sex ratio of two-year-olds from the 

hunter-killed caribou is also siqni!icantly different than the 

50:50 sex ratio postulated by Skoog (Ibid.) <x2 • 65.90, df = l, 

p < 0.005). 

!t is apparent that hunters in the Nelchina herd have a 

higher selectivi-:y toward males t.1.an females in the one- and 

t~o-year-old age classes. Percentage h~~ter selectivity is not 

calculated for these age classes because of the extremely limited 

composition data available and its questionable reliability 

(discussed in later sections on population sL~ulations in t.1.is 

chapte:). However, some idea of hunter selectivity of the yearling 

and t~o-year-old age cohorts can be determined from a comparison of 

the percentages of one-, two-, and three-year-old animals in the 

harvest m~~dible collections. 

!n 9 (50 percent) of the 16 years of mandible collections from 

1954-71, the n~~er of two-year-old females exceeds the number of 

yearling females. In 8 (67 percent) of 12 years, t.1.e number of 

t.1.ree-year-old females exceeds the n~~er of yearling females in 

:he collections. In 11 (92 percent) of 12 years, t.1.ree-yea.r-old 

females outnumber two-year-old females in ~1.e collections. Sos 

(1975: 179} stated that for the NCH "age classes of females t·.vo years 

old and older are not differentiated by hunters and are probably 

taken in direct proportion to their abundance in the female 

population." 
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The proportions of one-, two-, and three-year-old females L~ 

the mandible collections mentioned above contradict this statement 

since, in most years, ~No-year-olds should outnumber ~~ee-year-olds 

in the actual population. In many years, hunters in ~~e Nelchina 

area apparently discriminated against one- and two-year-old females 

in favor of ~~ree-year-old females. An aspect that can't be evaluated 

is •.o1hether or not hunters select against old females (i.e. , 8+ years) 

in favor of younger females (i.e., 3 to 5 years); the data are 

confounded by the inability of the wear-age techni~~e to accurately 

age-determine older animals to the year class (Skoog 1968) , as well 

as ~~e lack of ~"lowledge of the actual age structure of the herd. 

It is apparent that hunters also discriminate against harresting 

one- and t~o-year-old males in favor of more mature bulls. The 

number of three-year-old males exceeded the number of yearling males 

and the number of two-year-olds in 9 (iS percent} of 12 years, 'N'hile 

~~e number of two-year-old males exceeded the nuwber of yearling males 

in 10 (62.5 percent) of 16 years of mandible collections from 1954-71. 

The greater selectivity for mature males qersus younger males by NCS 

hu.."lters is consistent ...,ith the fL"ldings of Skoog (1968} and Bos 

(1975). Selectivity of hunters for individual age classes cf ani:nals 

3 years and older will b~ addressed with two independent models 

described in the sections entitled "Es'!=-imating age-specific survival 

of 3+ caribou in t.he NCH (1969-il)" (Chapter 2} and "Testing the 

accuracy of 3+ adult age structure data from village har~ests by 

comparing the age structure of males and females" (Chapter 6) . 
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5. 	 .:'iJ.~ ~lALUAT!ON CF Th"E USE OF ':'S.E AGE STROcrURE 
OF '?:'HE Hti'N':i."£R EARVES':' TO ESTH!ATE RECROIT!1ENT RATE 

Age structure information is often used to directly est~~ate 

the recrJitment of yo~~ger cohorts into a population. For example, 

Bos (1975) uses the ratio of two-year-old females to 1+ females in 

the hunter h.arTest i.:1 1 ::·ear as an indice of calf production and 

survival 2 years earlier. Sue~ a relationship between the initial 

recruit::nent of t!'le cohort into t.l-te herd and t.."le age structure of the 

harvest data ir. subsequent years 'H'Ould be extremely valuable for the 

purposes of modeling the NCR since age structure data is available 

for many years that lack composition data. However', before age-

structure data :::a."'l be •;alidly used to extrapolate rec:::-Jitment into 

the herd as suggested above by Sos (1975) , ~"le relationship be~~een 

age struc~ure and recruit..~ent must be verified. The pu_~ose of 

this section is to determi.:1e t.."le correlation between che percentage 

of cal~res in t!'le herd in the fall and tb.e proportion of ~,_is -;:ohor-: i...'"'l 

the 	age st:::-.1c-::ure of subsequent harvest samples. 

Simple correlation coefficients were cal~~lated be~~een the 

adjusted per=entage of calves in the fall composition counts {':'able 1) 

and each of the fo.llo'l-1i.:1g: 6 calf parazr.eters from the harvest data 

in the s~e year, 13 yearling parameters from the ha..-vest data 1 year 

later, and 13 parameters of two-year-olds from the har1est data 

2 years later. The results are shewn in Table 5. 
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Table 5. 	 Simple cor=elation coefficients between adjusted percentages 
of calves in ~~e fall composition data and various cal£, 
yearling, and ~~-year-old parameters from mandible 
collections of hunter-killed caribou in the Nelchina 
Caribou E:erd Cl95S-71) • l 

Parameters from Percent Calves in ~~e Fall 
Harvest Data Composition Counts (X)z p 

\ female calves of total females (X) 

calves/3+ females (X) 

\ yearlings (X+l) 

\ yearlings of l+ adults (X+l) 

male yearlings/total males lX+l) 


female yearlings/total females (.X+l) 

yearlings/1+ females (X+l) 

yearlings/2+ females (X+l) 

yearlings/3+ females (X+l) 

male yearlings/1+ females (X+l) 


male yearlings/2+ females (X+l) 

female yearlings/1+ females (X+l) 

female yearlings/3+ females (X+l) 

calves/1+ females (X) 

calves/2+ females (X) 


male yearlings/3+ =~~les (X+l) 

female yearlings/2+ females (X+l) 

two-year-olds/2+ adults (X+2) 

male two-year-olds/total males (X+2) 

percent calves (X) 


percent male cal~res of total males (X) 


percent two-year-olds (X+2) 

t'\<~o-year-olds/1+ females (X+2) 

female t·11o-year-olds/total females (X+2) 

two-year-olds/2+ females (X+2) 


two-year-olds/3+ females (X+2) 

male t·t~o-year-olds/1+ females (X+2) 

male two-year-olds/2+ females (X+2) 

male ~~~o-year-olds/3+ females (X+2) 

female two-year-olds/1+ females (X+2) 


female ~~-year-olds/2+ fa~ales (X+2) 

female two-year-olds/3+ females (X+2) 


0.125 
0.061 
0.046 

-0.070 
0.107 

-0.019 
-0.095 
-0.084 
-0.126 
-0.131 

-0.112 
-0.014 
-0.048 

0.260 
0.173 

-0.161 
-0.237 

0.179 
0.151 
0.356 

0.308 
0. 419 

-0.439 
0.598 

-0.552 

-0.484 
-o.sao 
-0.610 
-0.608 

0.561 

0.465 
0.490 

>0. 75 
>0. 75 
>0.75 
>0.75 
>0.75 

>0.75 
>0. 75 
>0.75 
>0.75 
>0.75 

>0.75 
>0.75 
>0.75 
>0.50 
>0.50 

>0.50 
>0.50 
>0.50 
>0.50 
>0. 25 

>0.25 
>0.25 
>0.25 
<0.25 
<0.25 

<0.25 
<0.25 
<0.25 
<0.25 
<0.25 

<0.25 
<0.25 

lyear in parentheses • 
.., 
~Degrees of freedom = 6. 
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Hone of the correla-c:ions with t."le 6 calf parameters or t!'l.e 

13 yearling parameters from t.."le harrest data are signi!icant, even 

at t.~e 0.25 level. Of lJ correlations with t."le various pararc.e~ers of 

~No-year-olds in t."le harvest collections 2 years later, only two-year­

old females/2+ adults, two-year-old females/l+ females, ~No-year-old 

females/2+ females, and two-year-old females/3+ females had positive 

correlations significant at t.~e 0.25 level; none were siqni!icant at 

the 0.10 level. 

The negative correlations wit."l t.~e several ha.-vest parameters 

i.."lvol-r-.."lg the ratio of two-yea.r-olds to females and t.':..ro-year-old :nales 

to females (Table 5), probably result from the high inverse correlation 

between the per:entage of ~No-year-old males in the harvest sample and 

t.~e percentage of 3+ females in the same sample (r = -0.6i6, df = 14, 

P < 0.01), rather than any biological reasons concerning t.~e survival 

of calves to 2 years of age. The highest positive correlation, whi~~ 

occurred between calves in l year and the two-year-old female/total 

female ratio 2 years later, accounted for only 35.8 percent of ~~e 

•rariance in the calf percentages. 

The lack of correlation be~Neen the proportion of an~als in 

a given age class i.."l t.he harrest in l year compared to the proportion 

of the sa~e cohort in the harves-c: in subsequent years can be 

demonstrated fur--her by the low correlations between t.~e following: 

(1} percentage of calves in year X in the harvest sample ~"ld 

percentage of yearli."lg females of total females in year X + l in 
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harrest sa~le (r = 0.295, df = 11, 0.25 < P < 0.50), 

(2) 9ercentage of calves in year X in ~~e har~est sample and 

percentage of ~No-year-olds of total females in year X + 2 L~ the 

harvest sample (r = 0.260, df = 10, 0.25 < P < 0.50), and 

(3) percentage of yearling females of total females in year X and 

percentage of two-year-old females of total females in· year X+ 1 

in the harvest samples (r = 0.242, df = 10, 0.25 < P < 0.50). 

From ~~e above, it can be concluded that :all percentages of 

calves in the herd cannot be ac~~rately determined from ~~e 

proportions of calves, yearlings, or two-year-olds in ~~e harrest 

data, and that initially large or small cohorts of calves cannot 

be detected by the respective propo~ions of yearling or two-year-olds 

in collections of harvest age-structure data in the respective 

subsequent years. 



so 


6. REVIEW OF PERTINENT CARIBOU-WOLF PREDATION STUDIES 

A review of the food habits of wolves in taiga and tundra 

ecosystems was made in order to establish a basis for estimating 

wolf predation in the model. From the literature available, the 

following conclusions were made regarding wolf predation on caribou. 

1) Ungulates are the major food item of most wolves from 

September to April (Kelly 1954, Pimlott 1967, Rausch 1968) and 

generally provide from 60 to over 90 percent of their diet during 

the summer months (Murie 1944, Pimlott 1967, Clark 1971, Stephenson 

and Johnson 1972, Stephenson 1978). 

2) t>1olves require a daily mean of more than 3.2 kg of prey for 

successful reproduction (Mech 1977). Accounting for waste and loss 

to scavengers, Kuyt (1972) estimated the above rate amounts to a 

yearly minimum predation rate of 23 caribou/wolf, if caribou 

comprised the entire diet of wolves. Field studies suggest the 

individual wolf predation rate may be slightly higher (Burkholder 

1959, Hech 1966). 

3) The actual predation rate on caribou is influenced by the 

availability of other ungulate prey species (Murie 1944, Stephenson 

and Johnson 1972, Stephenson 1978). 

4) Caribou calves are killed more readily than adults during 

the summer, although the degree to which calves are selected by 

wolves is highly variable (Murie 1944, Pimlott 1967, Clark 1971, 

Kuyt 1972, Parker 1972). 
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5) The selectivity of wolves far cari~ou calves aver adults 

during ~~e r~•der of ~~e year is highly variable, ranging from 

no selectiyity to high selectivi~J far calves (Clark 1971, Kuyt 1972, 

Miller 1975, Davis and Valkenburg 1977, Stephenson 1978). Estimates 

of the percentage of calves among caribou in the yearly diet of 

wolves has ranged from 20 (Kuyt 19721 to 60 percent (Parker 1972). 

6) No concensus has been reached regardL~g sex-specific 

selectivity of caribou by wolves (Kelsall 1960, Kuyt 1972, Miller 

1975, Davis and VaL~enburg 1977, Stephenson 1978); some evidence 

suggests alder adults are preyed upon more heavily than younger 

adults (Pimlatt 1967, Kuyt 1972, ~tiller 1975). 
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7. ESTI~.ATION OF NOU' :?REDAT!ON IN TEE NELCBDTA CA.i:U:SOU HE:?..D 

The number of caribou killed by wolves in ~~e NCH was calculated 

by mul~iplying the est~ated number of wolves and ~~e estimated number 

of caribou killed/wolf/year, similar to the method used by Skoog 

(1968). Total wolf numbers were estimated from winter· surveys in 

the Nel~~ina Wol£ Study Area as described by At~ell (1964), Skoog 

(1968), and Rausch (l969a). The wolf population estimates are 

presented in Table 6. The Nelchina Nolf Study Area approximates the 

range of the Nel~~ina herd, although in some years portions of the 

herd have wintered outside ~~e Study Area, notably to ~~e'east 

(Hemming 1971) , while wolves have also undoubtedly moved in and out 

of ~~e Study Area. Mcilroy (1974) has also noted year-to-year 

variation in the area surveyed as well as variation in the size of 

the area to which extrapolation is made. The movement pat~erns of 

wolves and caribou and t."le lack of standardization in the wolf 

surveys among different years affect ~~e estL~ate of wolf predation. 

However, lac~ing more refined data, ~"le winter wolf su_-veys are 

useful as an index of relative wolf abundance; they were used by 

Skoog (l968) . 

Skoog (1968) summarized data and concluded that caribou comprised 

approximately half of t.~e ungulates killed by wolves in the Nelchina 

Area, prior to the herd's precipitous decline. Cetermining ~~e 

nature and extent o: wolf predation during the decline is difficult. 



53 

Table 6. ~stimated wolf populations in the Nelchina 3asin. 

Year Estimated !?opulationl 

1953-54 12 


1954-53 23 2 


1953-56 35 


1956-57 43 


1957-58 53 


1958-59 65 


1959-60 80 


1960-61 99 


1961-62 123 


1962-63 152 Cl45-l60} 


1963-64 226 (."increasing") 2 


1964-65 3012 


1965-66 375 (350-400) 

1966-67 300 


1967-68 300 


1968-69 3502 


1969-70 4002 


1970-71 450 ("peak abundance" ) 2 


1971-72 350 ("reduced")Z 

1972-73 200 ("reduced") 2, 3 


1973-74 2002, 3 


1974-75 2502 , 3 


1975-76 300 


Source 

At~.o~ell 1964 


Atwell 1964 


Skoog 1968 


Skoog 1968 


Skoog 1968 


Skoog 1968 


Skoog 1968 


Skooq 1968 


At"..tell 1964 


Rausch 1967 


Rausch 1967 


Mcilroy 1974 


Bishop and Rausch 1974 


Mcilroy 1974 


Mcilroy 1974 


Mcilroy 1974 


R. Stephenson, pers. ~cmm. 

1comments ::rom sources in pa:ren~~eses. 
2Es~ated population determined by author from ex--:rapolation 

bet'11een "known" wolf populations . 
3Estimate considered conservative (Y. Van 3allenberqhe, pers. comm.). 
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Computer simulations of the growt.i;. of the ~lCH from 1972-76 indicate 

~!;.at a decrease in wolf predation had to occur in order :or ~~e 

caribou population to stabilize (discussed in a later section) . 

Since wolf numbers have remained high (Table 6) , this implies a 

shift in ~t;.e diet of wol1res away from caribou. It should be noted 

~~at moose reached their peak abundance in the area about 1960, 

declined slowly to 25,000 to 30,000 in 1965, and then under~ent a 

sharper decline of perhaps 30 to 50 percent by 1972-73 (Bishop and 

Rausch 1974). 

The 1971-72 winter had ~t;.e heaviest snowfall on record L~ ~l;.e 

Nelchina Area, and over~inter moose mortality was high (Bishop and 

Rausch 1974). Stephenson and Johnson (1973) reported a high 

utilization of winter-killed moose by wolves during that winter. 

A similar high loss of cari~ou was not documented (Bos 1973); 

however, reconnaissance of the wintering area •..,as light. Caribou 

comprised only 8 percent (n a 62) and 17 percent (n a 12) of 

"•N'olf-associated" ungulate deaths in the winters of 1971-72 and 

1972-73, respectively (Stephenson and Johnson 1973, Stephenson 

and Sexton 1974) , al~l:.ough such fi.:1dings may haYe been biased by t.!'l.e 

area su_~eyed. Stephenson (1979} found 25 percent cari~ou in 100 

"wolf-associated" ungulate deaths observed from .il.pril 1975 to 

June 1976 i.:1 areas occupied by 14 packs in the Nelchina Basin. 

3ased on ~,e above, I postulate that since the 1971-72 winter, 

wolf predation has shifted away frcm caribou, due to the reduced 
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number and res~icted range of ~~e ~CH (Bos l974b1. I assume 

caribou comprised 50 percent of the ungulates killed by wolves 

from 1954-69, 17 percent from 1971 to ~~e present, and 40 and 30 

percent in ~~ wL~ters of 1969-70 and 1970-71, respectively. I 

also assumed, as Skoog (1968) did, ~~at wolves eat 24 ungulates/ 

year/wolf. Skoog (l9681 excluded caribou calves from this estimate; 

however, in view of other caribou predation studies, I have 

included caribou calves in ~~e estimate of 24 ungulates. Assuming 

that moose make up most of the remainder of ~~e wolves' diet in the 

Nelchina area (Burkholder 1959, Stephenson and Johnson 1973, Bishop 

and Rausch 1974) , the yearly kill per wolf is higher ~~an previous 

estimates from food requir~ent studies. The FebruarJ and March 

wolf surveys, which would tend to underestimate the average yearly 

wolf population, would help comper~ate for any overestimation of 

individual wolf predation rates. The above serves as a rough estimate 

of ·~lf predation which can be varied to test different hypotheses. 

Skoog (1968} assumed 71 percent of all 1+ caribou killed by 

wolves in the NCS were males, but this assumption is wi~~out 

supporting field data. Various investigators 1isagree on the actual 

oc~~rence of calves L~ the composition of caribou eaten or killed by 

wolves, although the data in many studies indicate a high selectivity 

for calves. In my simulation, two different cases concerning the 

composition of wolf-killed caribou were ass~~ed. In the first case, 

of caribou killed by wolves, 25 percent were calves from 0 to 5 mon~hs 
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of age, 25 percent ~ere calves from 5 to 17 ~onths of age, ~~d 

SO percent were ca:ibou older ~~an 17 months of age. !n the second 

case, 12.5 percent of the caribou ~illed by •..;ol~res were f:::-om 5 ;:o 

17 m.ont.1.s of age and 7 5 percent were cari.bou older t.~an 17 months. 

caribou older t.J.:\an 17 months •,o~ere assumed to be taken according to 

~J.:\eir proportions in the fall populations. No sex-specific selection 

for calves was assumed. The two cases outlined above attempt to 

s~~ulate high and low selectivity for calves by wolves. 
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·.'\ si:np1e model '"'as ccnst-.-uc:sd ':~at cou.lC. i.::.co.I:?orata •;arious 

i.."lfor.::a:cion, suc."l as caril:ou ;,::opula.t.ion size 1 composition and 

:-ec:uit::lent, wol£ abundance, and huma."l harvest, into a si~g1s sys-cem 

of t.:O,.e population dynamics of t:.he Nelchina Cari.bou Herd. This :nodal 

served several !unc:icns. :'irst, it generated population statistics, 

suc."l as hunting :no~alit:.y, rates of wolf predation, and natu:al 

mortality :-atas. 'l'hese population statistics are compared over ti:ne 

to detect changes and are !.l.Sed i.:l rnodeli.:lg simula-cions of ':.he ~r7AH 

(Clapter 7) and t."le island her:i.s (Chapter 3). Second, ~"le model is 

used in "•.,hat if" simulat:ions :.,_at are valuable for hypothesis 

among various sets oz available da~a and hypotheses. 


illust--atss a flow c."lart of the model. Various components of ~~e 


a. ?OPulation Size a."ld Cot:rOosi tion 

Estimates of t.."le population size of t.'"le NC:-i from 2.954- i2 

consis~ of an est;~ate of 401000 a."li..~als from a systematic aerial 

census in :'ebr.:.a.r-1 1955 (1-latson and Scott 1956) 1 an as~i::tats of 

711000 :: l1,867 cari.bou i:1 ?ebr.la_~ 1962 from a stra~ifi:d-:-.al"l.doo 

su:-,·ey (Sini!f ar.d Skoog 1964} I and min.i=1.1..1.I!l counts of 271054 2~ 

females in J~"le 1967 (Hemming and Glenn 1968) 1 and 4,954 .... ' ' ~ :srnales 
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Figure 8. Flow chart of model used to analyze the population 
dynamics of the Nelchina Ca~ibou Herd (1954-77}. 
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in July 1972 (3os 1973). An initial star~ing 90pulation for the 

fall of 1954 o£ 41,000 ~as extrapolated frcm the 1955 census and 

is well wi~~in the precision of the 1955 estimate (Watson and Scott 

1956, Skoog 1968). 

The "yearly" interval of t.:,e model started and ended in early 

October to correspond to t.:,e fall composition data whi~~. as 

previously discussed, was assumed to best represent the actual herd 

composition. Table l gives t.:,e composition data used as sta_~ing 

and evaluating values in t.~e ~odel simulations. Starting percentages 

of male calves, male yearlings,and male ~No-year-olds of 54, 55, and 

50 percent, respectively, as postulated by Skoog (1968), are used in 

~reliminart model runs. Subsequent development of these statistics 

is discussed in connection with the actual modeling of t.~e NC~ in 

later sections. 

b. Recruit:nent of Cal~tes 

Recruit:nent rate of cal~tes is calculated using the estimated 

percentage of calves in t.:,e fall population (Table l). The a•terage 

value of 20.5 percent calves is generally used in the years in which 

data was la~~ing; however, other values were also used to test 

different hypot.~eses. 

Post-calving composition counts of the ~CS were obtained during 

the month of June in t.~e years 1952, 1953, 1955, 1957, 1958, 1950, 

1961, 1967, 1968, and various years in the 1970's (Skoog 1968; Unp. 

data summarized by G. aos, ADF&G, Caribou Files, Fairbanks). These 
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data are not used as L~itial recruitnent in the model for t~o 

~~ortant reasons. First, adult females were either classified 

•.-~ith t;..-~o-year-old males, yearlings, or all animals older t.i.an 

cal•:es in the post-calving composition counts, thereby preventing 

t.i.e direct cal~~lation of post-calving calf/cow ratios. Second, 

data from the WAH (Table 36 and pp. 160-164) reveals a'high degree 

of year-to-year variability in the proportions of yearlings and 

adult males il'l t.i.e post-calving composition counts. '!his same 

variability was present in t.i.e NCH with post-calving percentages 

of yearlings ranging from 4 percent in 1967 to 12 percent in 1958 

and with post-calving percentages of adult males showing similar 

wide fluctuations (Unp. data summarized by G. 9os, ADF&G, Caribou 

Files, Fairbanks). Obtaining meaningful calf/adult female ratios 

from the composition data at calving time is likewise complicated by 

t.i.e tendency of pregnant females to separate from barren females as 

parturition nears (Skoog 1956, 1968: Kelsall 1957; deVos 1960; 

Pruitt 1960; Lent l966a; Parker 1972; and o~hersl. Thus calt/adul~ 

female ratios obtained on t.i.e calving grounds often only reflect 

the calvi..~g female segment rather than the total female segtr.ent of 

t.i.e herd. 

Based on the above, initial recruit.~ent rates of calves and 

survival to fall are calculated and analyzed by indirect ~ethods 

described in a later section of this chapter. 
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c. Natural :1ortalitv and :vo1.f Predation 

Yearly na~~al mo~ality and wolf predation rates are calculated 

for both sexes of cal•.,es (5 to 17 months) , yearlings (17 to 29 

months), and adults older th.a."l 29 mont.."ls of age. The method of 

estimating 'NCl.f predation was discussed previously: the estimated 

numbers of calves less t..~ 3 months of age killed by wolves are 

omitted from t.."le model outli."led in Figure 8. Natural mortality 

rates are used in t..~e model in two ways. One, a given set of 

natural mortality rates is used to simulate "what if" situations 

for hypothesis testing. Second, while all other input variables 

are held constant, t.."le natural mortality rates are manipulated by 

simple substitution and evaluation until a desired outcome is 

attained. The evaluating factors used are herd size, herd 

composition, and sex ratios of yearlings (17 months) and 

two-year-olds (29 months). In some r~, wolf predation and 

natural mortality rates are combined. Several important 

generalizations of t.."le model are discussed in the following 

paragraphs. 

Note that the above described model generates natural mortality 

rates that apply to all adults of a given sex older than 29 mont..~s of 

age. Various studies of wild R~4if~r populations have indicated 

that natural mortality rates are not constant for all sex-specific 

adult age classes (Banfield 1955; Klein 1968; Skoog 1968; Bergerud 
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l97lb; Miller 1974; E. Reimers, pers. comm.l. In particular, most 

studies suggest a higher mortality r~te for older adult animals, 

although Eergerud (197lb) found ~~at fighting during ~~e r~t was 

the single greatest cause of mortality in adult males wi~~ the 

highest rate in the four- to six-year-old group. A relatively 

high mortality rate of mature stags from fighting during the rut 

has also been documented for Spitsbergen reindeer (Gossow 1974). 

Age-specific mortality rates of adults were not generally calculated 

in ~~is model for several reasons. First, ~~e wear-age method used 

to age cari~ou in ~~e NCd prior to 1969 lumped various age classes 

together and wasn't consistent from year to year. Second, evidence 

suggests ~~at present techniques used to age adult caribou to a 

single age class often result in incorrect ages being assigned to 

some of the caribou (Doerr, L~ prep.}. Third, two independent models 

developed in this study suggest that ~~e estimated age structure of 

collections of adult caribou killed by hunters do not accurately 

reflect the actual age structure of the adult segment of che herd 

(pp. 112-116, 207-208). The mortality rates calculated for adults 

in this model are real L~ ~~e sense they apply to a single lumped 

cohort of animals older than 29 months of age. aowever, based on 

~~e above considerations, extrapolation of ~~ese mortality rates to 

single year cohorts should only be done with extreme caution. 

An assumption made in this model, for reasons previously discussed, 

was that wolf predation was nonselective ~ong cohorts older than li 
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months of age, with ~~e herd composition at the star~ cf the 

year {fall) bei..~g used to dete~ne the ~roportion of the various 

cohor+-...s in t."lat year. As long as the proportion of the cohorts 

older than 17 mon~"ls of age r;mains constant ~~roughout t.~e year, the 

assumption will be cor:ectly met by the model. As the proportions 

of the cohorts begin to alter t.~oughout t.~e model's year, some 

selective er=or is introduced. Comparing the proportion of the 

17 month and older cohorts at t.~e beginning of the model year with 

the proportion at the end of t.~e model year, indicated t.~at the 

magnitude of t..,is induced error is inconsequential to the analysis 

of the population dynamics of the herd, giv~~ the resolution of 

t.~e available data. This is true even when a fairly substantial 

change in herd composition occurs. More refined calculations of 

mortality rates integrated over smaller inter~als is thwarted by the 

paucity of available data on the chronology of hunting and natural 

mortality as well as seasonal wolf abundance. 

Only wolf predation is separated from ot.~er forms of natural 

mortality in t.~is analysis; predation by other animals has generally 

been thought to be :-elatively minor on caribou in Alaska (~1urie 1944, 

Kelsall 1968, Skocg 1968, and o~.,ers). Grizzly bear predation on 

caribou is not analyzed in t.~is study for several reasons. First, 

bear densities are poorly k."l.Own in the NCH and the NA.:i for the ti.."!te 

period in which the modeling was done. Second, much of the documented 

bear predation on caribou has suggested that bears prL~arily kill 
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newborn calYes (Murie 1944, :Celsall 1368, Da•ris and lla.l:-cenburg 

1977, Stephenson 1978); such predation would ~ot affect ~~e 

results of ~~e model illustrated in Figure 8 since calves are 

entered as a percentage L~ the fall. Third, the importance of 

grizzly bear predation on caribou in Alaska remains to be 

documented. Grizzly bears have been known to subsist in caribou 

range on a diet of vegetation, rodents, and carrion (Murie 

1944, :Celsall 1968), and individual grizzly bears have been 

observed near the calving grounds over extended periods of time 

without ma~ing a successful ungulate kill even ~~ough caribou 

were present in the area (J. Gebhard, pers. comm.). Much of the 

recent evidence of ~~e importance of bear predation has involved 

moose (Stephenson 1978) . 

d. Hor':alitv Due to Hunting 

Human ha_~est is calculated for the given cohorts using the 

estL~ated magnitude and sex ratio of the harrests (Table 3 and 

Appendix A) and the age composition of samples of anL~als killed 

by hunters. 

Since the model year ran from early October to early October 

(to correspond to ~"'le fall composition data) , it '"'as necessarJ to 

adjust the ha~rest data accordingly. Skoog (1957) estL~ated that 

approximately 60 percent of the 1956 harvest occurred before 

mid-October, while an estimated 65 and 41 percent of the harrest 
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occuz~ed in the mon~~s of August and September in 1960 and 1961 

respectively (Skoog et al. 1961, Skoog 1963). The availability 

of caribou along the road systems and ~~e onset of the first deep 

snows and cold weather influenced ~~e yearly chronology of the 

harvest, while the increasing use of snowmachines and prolonged 

hunting seasons encompassing nearly the entire winter in the later 

years (Table 3) shifted a larger proportion of che har;est toward 

~~e winter months. Harvest report tickets in 1969-70, 1970-71, and 

1971-72 revealed 27.4, 36.2, and 18.9 percent, respectively, of 

the total reported ha.-vest in those h~~ting seasons occur~ed L~ 

August and September, wi~~ caribou taken by hunters using snow­

mobiles as their pr~J mode of transportation comprising 26, 34, 

and 37 percent, respectively, of the total repo~ed ha.-vest (Bos 

l9i3, Gnp. ADF&G Data, Caribou Files, Fairb~~~s). Adjusting for 

~~e chronolo~J of ~~e harrest is fur+~~er complicated by ~~e tendencJ 

for hunters to take greater percentages of males in August and 

September than L~ later months (Skoog et al. 1963) . Cespite the 

difficulties mentioned above, the harrests were adjusted to fit 

~~e model year using the following assumptions. 

l) 	 ao, 60, 40, and 30 percent of the harvests by hunters 

in 1954-35, 1956-60, 1961-66, and 1967-72 hw~ting 

seasons, respectively, occurred between the opening of 

the season and early October. 
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2) The sex ::atios and age distributions of t.1.e harJ'est 

prior to early October were ass~ed to be equal to 

those after early October. 

The har;est data ar~ entered L~ the model as ~1.e estimated 

total number of animals killed by hunters in each age-sex class, 

and t.1.e hunting mortality rate calculated as t.1.e number of animals 

killed by hunters L~ an age-sex cohort divided by t.1.e number of 

anitlal.s in t.'le cohort at the beginning of ~'le model year. '::;he 

estimated number of calves killed by hunters before early October 

is excluded from ~1.e hunt~~g mortality rates used in the model. 

e. Immigration and Emi~ration 

The population model constructed does not assume any immigration 

and classifies emigration wit.'l natural mortality. Skoog (1968), 

from a review of historical records, has hypothesized ~1.at herds 

frequently exchange animals. usually emigration is believed to 

oc~~ when a growing herd ~~ands its winter range to ~'le point t.'lat 

it overlaps with t.'le winter range of anot.1.er herd. Exchange of 

anL~als is then hypothesized to occur when animals from one herd 

follow animals from another herd to t.'leir calving ground in t.1.e 

spring (Skoog 1968, Hemming 1971) . No interchange of an.L."nals 

i.:wol~ling the NCR has been documented during the c.ime interval of 

this analysis, although emigration has been speculated to have 

http:anot.1.er
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cccu.r:eC. in ~Tarious yea:s since 1961 (Eos 1975). Implications 

of immigration and emigration are discussed in conjunction wi~h 

speci!ic modeling analysis. 



9. COMPARZSON OF MODE!. SD!tJ'I..,;,.TICNS OF THE ?OPUI....;TION DYN&'1ICS 
OF THE ~"EE.CE!~1A CARIBOU HERD ( 1.954-62 l WITH A POPUI..A.T!ON 
ANALYSIS 3Y SKCCG (1968) 

The period 1954-62 was a ti~~ of increasing growth for the 

NCH. Skoog (1968) , who was involved with collecting mu~~ of the 

population data, has presented a ra~~er extensive analysis of ~~e 

population dynamics of the herd during ~~is period. Simulations 

of ~~e population model are compared wi~~ Skoog's analysis to provide 

greater insight into the reliability of ~~e model. 

a. Cescri;>tion of Analysis b'' Skoog ( 1968) 

Table 7 lists some of the parameters used by Skoog (1968) to 

project the gro~Jl of ~~e NCH from 1955 to 1963. The estimates of 

total harvest and ~~e sex ratio of ~~e har~ests used by Skoog are 

nearly identical to those used in the present model {Table 7) . 

However, Skoog assumed only 3 percent of ~~e ha..~7est was calves. 

Bos (1975) has previously discussed why the composition of the 

ha..~est samples would prcduce estL~ates slightly lower than those of 

Skoog's for hunter-caused mortality on car~ou older than calves. 

Skocg assumed a natural mortality rate, excluding wolf preda~ion, 

for l+ adults of 4 percent, with 71 percent of the mortality 

comprised of males. This assumption, al~~ough poorly documented 

by field observation, closely fit the population growth of ~~e 

herd. Skoog did not assess the possible ~~certainty of the 

estimated wolf predation, hum~~ h~7ests, and natcral mo~ality 

rates in his a."lalysis, howe•7er. 
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Table 7. 	 Ccmpa:ison of some population variables used by Skoog (1968) 
with presen~ analysis. 

Parameter 	 Skoog (1968) Present Analysis 

Starting Date 

Starting Herd Size 

Starting Percent Calves 
(or short yearlings l 

Starting l+ :1ale:l+ Female 

Average "observed" fall 
percentage of calves (1955-62) 

Total Ha.-vest (1955-61) 

'\ Males in Harvest (l955-6l) 

'\ Calves in Ha.-vest (.1955-61} 

Sex Ratio of Natural tJ!ortality 
(includes wolf predation) 

1962 Popula'Cion 

1 ~1ay 1955 

40,000 

18 

40:60 

20.6 

31,030 

65.4 

3.0 

2.5:1.0 

69,800 (l May) 

October 1954 

41,000 

20.5 


48:52 
, 
~ 


19.6 


3l ,000 


67.0 


7.2 


1.9:1.02 


il 1500 (1961 Fall) 


1ca1culated from Table 1, assuming 55:45 and 50:50 sex ratios of 
yearlings and of two-year-olds, respectively, as postulated by 
Skoog (1968). 

2calculated from Runs land 2 (Table 8). 

http:1.9:1.02
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Skoog ( 1968) est.i!nated recruit:nent and su:::<rival of cal'l·es 

from part~rition to 12 months of age using the late winter 

composition coun~s and the following assumptions: (ll a 60 percent 

natality rate for 1+ females at parturition; (2) the 3 rlpril 1960 

composition co~~t was not representative of the herd because most 

of the adult females and calves had already moved toward the calving 

grounds; (3) the late winter 1959 and 1961 composition counts of 1+ 

caribou contained SO percent femalas; (4) only one portion of t.b.e 

late winter counts in 1957 and 1962 were representative of the herd; 

(5) the one- and two-year-old males were randomly distributed among 

the l+ adult segment surveyed in the late '"'i:1ter counts except as 

:1oted in assumptions (2), (3), and (4); and (6) estimated mortality 

rates of females from parturition to early October, November, and 

April were 2, 5, and 8 percent, respectively. 

Many of the assumptions used by Skoog (1968) concerning ~~e 

late winter composition counts were not well substantiated by ground 

obse~raticns. The more recent use of ~~e helicopter, wi~~ its greater 

manuverability and ability to land observers practically anywhere, 

allows obse~rers to sex-determine l+ adults and thus avoid many of 

~~e assumptions Skoog was forced to use. aowever, Skoog's evaluation 

of the late winter counts se~1e to illustrate the high degree of 

variability in late winter segregation of caribou, both among 

groups in the same year and bet;<~een years. 



Skoog also gene=:-ated surri~;al :"ates of c.alv·es from 0 to 5 

months and from 5 to 12 mon~~s, using ~~e above assump~ions as 

well as additional assumptions conce~ing the fall composition 

counts (see Skoog 1968:623-624). To deter.nL~e if differences 

between ~~e fall composition data by Skoog (Ibid.) and that given 

in Table l significantly affect ~~e calculated mortality rates for 

calves, overwinter mortality rates were cal~~ated using the data 

in Table l and ~~e above assumptions of Skoog. These calculations 

are described L~ detail in Appendix s. Average overwinter mortality 

rates calculated in ~~is manner ranged from 6 to 17 percent lower 

than those calculated by Skoog (1968:624) for the corresponding 

years. In addition, ~~e percentage of calves in ~~e fall of 1955 

(Table l) compared to ~~e lata winter calf/cow ratio given by Skoog 

(Ibid.) for 1956 indicate survival rates greater than one (Appendix 3). 

Skoog (Ibid.) did not use the 1955 fall composition count in his 

analysis, although it seems valid to question which count is more 

accurate. Wi~~ the exception of the 1955 count, the overNinter 

mo~ality ra-ces of cal'res calc-.J.lateC. from '::.he fall data in Table l 

are comparable to ~~ose calculated by Skoog (Ibid.). 

b. Results of SL~ulations 

Natural mortality rates ~~at produced a close fit to ~~e 

population and composition data using the population model described 

previously are shown in Table 8 (R~,s l and 2). These natural 
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mortality rates were assumed constant from 1954-62. In addition, 

"·what if" simulations •,;ere t"".m using natural morcality rates 

estimated by Skoog (1968). Skoog's calculated mortality rates for 

calves 5 to 11 months of age are adjusted to 5 to 17 mon~~s, in order 

to fit the model year, using the following equation: 

lL 1... .. (17) 
:;,.- I 

•.rhere, 

natural mortality rate of males (or females) 

5 to 17 months of age, 

= natural mortality rate of males Cor f~ales) 

S to 11 months of age, and 

= annual natural survival rate of males (or females) 

older than l year of age estimated by Skoog 

(Ibid.) . 

EstL~ted mortality caused by hunters was subtracted from M5_
11 

when using natural mortality rates generated by Equation 17 in 

model simulations. The results of simulations of ~~e population 

gro~~ of t.'le ~CH from 1954-62 are shown in Table 8. )volf predation 

is included with natural mo~ality in all t.~ese runs. Several 

important implications of these findings are discussed below. 

(1) Population growth of herd 

A simulation (Table 8--Run SK1) using Skoog's (1968) estimated 

mortality rates and an average of 20.3 percent calves in the fall 



iS 

~redicted a lower population on October 1961 (63,430 animals) 

than Skoog calculated for l May 1962 (69,800). This results 

because Skoog's me~~od of calculating recrui~ent produces 

slightly higher fall ~ercentages of calves t~an ~~e actual fall 

composition counts (Table l, Skoog 1968:508}. Increasing ~~e 

fall ~ercentage of calves to 21 percent predicts a 1961 population 

which falls slightly below Skoog's estimate (Table 8--Run SK2l, 

while fall percentages of 22 and 23 (Runs SKJ and SK4) produce 

higher estimates, ~~e latter slightly exceeding ~~e upper 

confidence range of the Febr~arJ 1962 estimate. 

(2) Herd comcosition 

Natural mortality rates for 5 to 17 month old caribou used in 

~~e model that produced a close fit to the demographic data 

(Table 6--Run l) are lower t~an the natural mortality rate of the 

adult cohorts. This contradicts ~~e findings of other population 

studies which all indicate that overNinter calf mortality equals or 

exceeds morcali~y rates for ot~er age classes/ with ~~e possible 

exception of old females and matu:e males (Bergerud 1967, l97lbi 

Kelsall 1968; Skoog 1968; ?arker 1972}. This suggests ~~e natural 

mortality rates used in Run l are not realistic, which in turn 

implies that the proportion of yearlings in ~~e 1962 fall data 

(Table l) is too high, given ~~e estimated proportion of calves 

and the projected growth of ~~e herd. Runs SK2 and SKJ, whic~ 
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approximate Skoog's (.1968) projected growth for theNCE, similarly 

produce lower fall percentages of yearlings and ~No-year-olds ~~an 

estimated in Table l and also lower ~~an those estimated by Skoog 

(1968:488}. Bo~~ Skoog's analysis and ~~is modeling exercise 

indicate that calf recruitment and overNinter sU-~ival were relatively 

high and contributed greatly to ~~e herd's increase. 

(3) Sex ratio of •1earlines and two-vear-olds 

Sa~ ratios of caribou in Alaska obtained from composition counts 

indicate slightly mora males than females at bi~~ (Lent 1960, 1961; 

tent and t¢n~ 1962; Skoog 1968). Subsequa~t sex ratios of yearlings 

and two-year-olds have been poorly documented, however, due to the 

lack of composition data as well as lack of ~~owledge concerning the 

sex-specific segregational patterns of yearlings and two-year-olds. 

In lieu of better data, Skoog estimated a 55:45 sex ratio of 

yearlings in ~~e NCH, based on ~~e percentage of yearling males per 

l+ males in ~~e 1962 counts, the percentage of yearling females in 

1,259 1+ famales killed by hunters, and an estimated 1+ adult sex 

ratio of 39.4:60.6. Skoog (1968) postulated ~~e sex ratios went from 

55:45 for yearlings to 50:50 for two-year-olds, and ~~ereafter 

fa•tored females, the lat't.er point well documented by the fall 

composition data. 

To produce these ratios, Skoog's (1968) calculated natural 

mortalicy rates for male and female yearlings were adjusted until a 

http:lat't.er


.. ., 
I' 

sex =atio for t~v-o-yea.r-olC.S of ~pp!:'oxi.ma-cel:r 50: SO •11as obtained 

(Table a-Ru."l SKS) . T!"ten Skoog' s ~ale and female :nortality rates 

from 5 to 17 months were adjusted to produce a 55:45 sex ratio of 

yearlings (Table 8--Ru.-:.s SK6 and SK7). Given t..."'l.e growt..'"1. of the 

herd and the selectivity of hunters for male yearlings and two-year­

olds, the ratio changes postulated by Skoog require that the 

natural mortality rata, includL"lg NOli predation, of male yearlings 

was approximately 17 times higher than ~.,e mortality rate of 

female yearlings (Table 8--Run 51<7). A .simulation obtaining a 

close fit to t..."'le demographic data (Table 8--Run 2) r~~ired negative 

mortality rates for male calves and female yearlings, in order to 

derive a 55:45 and 50:50 sex ratio of yearlings and two-year-olds. 

Since t..."'le analysis of hunter selectivity (pp. 42-45) showed that 

hunters select against female yearlings in favor of older females, 

t..."'le yearling sex ratio given by Skoog (1968) should underestimate 

the number of females as t..."'l.e results of the simulations suggest. 

Given the above conside=ations, subsequent model simulations assume 

52:48 and SO:SO sex ratios of yearLL"lgs and t~o-year-clcs as starting 

''alues. 
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10. t10DEL SL"!ULAT!ON OF 'I'EE }IELCS:DIA CARIEOO HERD (1962-69) 

Simulations for the period 1962-69 were used to ~est ~~e 

h:~o~~esis that (1) L~creasing wolf predation, (2) increasing 

h~~ting kill, and (3) lowered fall recruitment of calves were 

solely responsible for stopping the herd's growth. Th~ s~ula-

tions also served as ~~e basis for estimating natural mortality 

rates, excluding wol! predation, for the various age and sex cohorts 

in ~~e herd. Three sta_~L~g :all 1962 populations of 63,000, 73,000, 

and 82,000 were used in the simulations to reflect ~~e uncertainty in 

the 1962 population estimate (Sinif! and Skoog 1964). The sta_~ing 

1962 composition for ~~e percentages of yearlings, ~No-year-oles, 

and 3+ males was taken from Skoog (1968:488), the percentage of 

calves was ob~ained from Table l, and the percentage of 3+ fa.rnales 

was estimated by subtracting the percentages of the above cohorts 

from 100. 

Natural mortality ra~es estima~ed by Skoog (1968) from 1954-62 

were modified to account for ~~e estimated wolf predation ~~d ~~e 

estimated mortality caused by hunters on calves from S to 12 mon~~s 

of age (Table 8). These rates were then used to represent the natural 

mortality rates that were "operative" on the herd in "what if ~~e 

:1atu.ral mortality rates of t:•e herd didn't c!'lange" sL"!!ulations of the 

NCH after 1962. 
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Impo~ant input and output •;alues of the simulations are 

giYen in Table 9 a.."ld implications of ':..1.e si=.ulations are discussed 

in ~1.e following sections. 

a. 	 Growth '-"ith Hiah Natural Sur.;ival, Good R.ecrui t::lent, 
and Increased Wolf ?redation and Human Harvest 

Results of simulations, usL"lg the estimated human·harvest, 

'-"Olf predation with high and low selectivity for cal•;es, relatively 

high natural mortality rates ~edified from Skoog (1968), and an 

average of 21.3 percent calves in ':..1.e fall are given in Runs S~~ l-3 

and Runs S~iS l-3 (Table 9). Even with a starting 1962 fall 

population of only 63,000 animals, the herd size would have 

continued to increase, in spite of increased total harvests and 

wolf predation rates. 

The effect of doubling ~1.e est~ated wolf predation is shown 

in Runs SK"il'iS 4 to 6 (Table 9) . A 1962 fall population of 63,000 

w~uld have declined to ca. 48,041 by 1969; a population of 73,000 

would have remained more or less stationary; and a population of 

82,000 would have L"lcreased to 113,000 by 1969. Such a wolf 

predation rate would require an anr.ual population of 600 to 750 

'NOlves or a kill rate of 24 caribou/year/•.vinter '"'ol.f or a 

combination of the two. ~his rate seems highly excessive given 

the ~ol! population estL~ates shown in Table 6 and the findings 

of the pre•;iously :nen':ioned studies. The above indicates that 

increasing wolf preda~ion and increasing human harvest of cari~ou 
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S:r.'AN.S ;;~;;. s~.:s.; Sl':"A! 5 

Avara9e Mo~-al~:y ~~e3 
\iQ l! l":iU."'l':!:l<; c:.g.Q:-~9) 

:!'CWS..:. It ( s :: l7 :IC l 
~a (5 eo li mel 
Fem&.le ( l :' -::.::;; :;.s, I!IOi 
MAle c:~ :o ~9 mel 
:'Uioll.a C29 :c •l 
M.a.l• (~9 :110 •l 

;we..-aqe N.ct.:::=,J.l :'10~-L.~;::· 

?"«!N.la \5 ":.:::~ !.7 :~el (1964-~o!:.. l9E9-1'll 
~l.Ll• cs ::::~ :.:- =l c:.96:-;:..s, l96s-7:> 
:!'a&le (!.:' ":.::;; 29 :col \l..964-o;a, l..%9-~:l 

l".a.le Cl7 1:.:: 29 II!Cli Cl964-.sa. !.95s-7!l 
rcm&le C29 =o •l t:l.964·7ll 
~. C29 me -l C1962•ili 
?illl&la (5 t.Q !.i :DCl Cl%~71 
Male CS -:.::;; l i mel (196~7) 
!'e:AIJ.a (5 eo l7 ::tO) Cl96i'-6Cil 
11-L.• :s :::;; 11 ::so J cu~ '-ia l 
?.male c~ :::;; l7 =ol (l.96i-69J 

~l• (! :o li :110) (196&-69) 

?Uiale Cl7 :o :!9 mcl (l96&-Eil 

!'!.ale ('!, i '=' 29 1110) (l960..f;!JJ 


~ 
2+ ?tm&las C~&ll l9S7l 

ll'E9 :"a.ll ~a:tic:l. 
l972 :'L!.l ~~on 

!969 rall ~cs~:icn 
\ '!au!.i.:lqs 

' '!'wo-y.c-clcis 

\ 3• !-.ales 


3• lll&l.as 

\ Yeu!..:.:ll:;s \!967) 
' Yecll:"lqs C:!.96cl 

AV11raqe \ !'!.alas 
Yeu!i.":f;S (l.96J-69l 

~year-~lcs (l963-E9l 


7:!,000 

0.027;r..029 
C.:J:7/0.CJS 
1;..040/0.0.(2 
·~.040/0.cs:: 
O.J40/0.0~ 

o. 1:>40/0.!.7.2 

.20.: 

JS,l84 

103.296 

llS, 91.2 


!.9.3 
H.4 
33.6 , . ·-·-= 
u. 9 
1": .. 9 

5:!.9 
51.7 

a:,ooo 

o.. c2:;c .. ~:s 
o.c:vo.c.z::: 
: .. OJJ/C.OJ~ 
O.:J2:S/O.C6J 
O.OZJ/O.:Je 
O.;j::J/C.l:S 

.20.; 

<4S,6ic 

!.J:,S4l 

l64 ,l6B 


l9.0 
l4.J 
3.2.3 
:..~.: 

.:.:.s 
17.5 

S.2.9 
Sl.9 

.Sl,OOC 

O.!~i;C.OJ7 

c.:2-:-;o.c*' 
~.~76/C.JoC 

: .. :io;:.l.JC 
C.07S/0.06C' 
0.0'6/0.:7; 

o.:.Jo 
O.!.OC 
o.. c.;~ 
O.OSJ 

o. oa3 
O.l.JO 
O.l60 
o.:.Jo 
·~.l60 

O.lJO 
C.lOO 
:.~:>47 

0.05:3 

l!.l 

2S,li: 

.;s,o4:. 
24, i?S 

lS.7 

3!?.2 
6.3 

u.s 
li.: 

!2.6 
s:..o 

7~,;o~ 

C.lO•VO. O:ZS 
O.lC~/~.03.4 
J.:l57/C.J46 
o.. ~s:t: .. ~i9 
o.~!7/o .. :.;i 
O.OS7;c.HC 

l! .. J 

S3,30E 
ilL .;J.; 

li~6 

l4.0 
JS.~ ,, .·-·· 

_. '"!! ... ,.I.... 
:.:. ;. 

:-. c..... 
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http:io;:.l.JC
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http:040/0.cs
http:lll&l.as
http:Cl964-.sa
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s:z.oao 63,0CO 

Avtraq~~ MO:-:a.l.l.::y bt:es 
Wol!/'!tu::-::....,q (l.9(1:.l-6;) 

Fe:&le C 5 '1:.:) l7 !:IQ l 0.086/C.C24 o.o:;:;;c.c:u ·~. C2S/O. 028 0.02elC.CJO 
1"\ _, ... .11"1 ,.. ..... 
v '..,;_.;.,!-1&le CS := .:.,7 mol 0.096/C.C:ZS .. .... ;..~-.. ~.:::s;c.cz~ 0.::2S/':l.0315 

:'UI&.l.• c:.":' ~ 29 mol 0.04.7/0.02~ c .. :.s~~~ .. 07c c.o.;:;-:;.::ss 0. 046/C. Olii>4 
Male c::.-. :.= 29 mol o. o.n;o. o6.; o.os.:;.:~.uo c.o...:;c.og::. c.. o..o;c. .. aa~ 
!'Uiol.la {29 1110 •l c.o.;;;c.04o O.OS~/C.OSE c. 04.2/(:1. 045 o.o.;o;c.c~-:­

Ma.le (29 r:sc ...l o.o47;o. .:.s:. 0.054/0.256 c.o"z;:.:.as ·:. 046/C: .20~ 

Ave:aqa l.!&a:=:Li. !'!Cir"..a.J.!t:-; 
Female CS t:= l7 o=J (!962-56, !96~7ll 
M4le (S -::.o ::.":' :Del \!962-iito, l'hH-7:; 
:"t=&l.• c.:.1 ':.= 29 :nol C!9o2-.se. :.soi-i:.l 
Male (!7 :o 29 oeJ Cl962-oa, l~69-7ll 

l"e.m&le (29 liiO -l Cl962·7:J 
~le (29 :ao •J Cli62•7lJ 
Te.m&l• C! eo .:. ':' :De:~ I Cl96&-&7l 
MAle (5 := li ::~C:~l Cl96.o-o7l 
!'-=a.l& cs eo 17 1110) (1967-o<!l 
Male CS :.= .:.,7 mo) Cl96":'-5Sl 
Female (5 ~ li =cl (l.i5i-69l 
M&le cs = .:.1 mol Cl96i-o9l 
!'a:a.le (l7 :.= U :::10) Cl96<l-Ul 
M&.le Cl7 :.= 29 llllllll Cl965-~9J 

A~aqe ' ~ves (l96J-69) 

~ 
2+ 1csales C7&ll l967) 

0.200 
a. :.jo 
O.OJO 
C.CI70 
o.o::.; 
c.oe;; 
C.<iSO 
o.,ao
c.57o 
0.570 
o. 370 
0.360 
0.000 
o.ooc 

::..3 %!.~ 2l. J 

27,449 

1969 !'all ?CI'pUJ..a~n US ,Ol2 sc,l::z 76,046 6:;,:il 
l972 !'&ll Popu.l&-:.io::. l2i ,!38 Jl,4-S~ 7!,6Je 4S,C5! 

l969 ?a.ll ~s.i::.::.= ,. ., 
....... • I
\ Yea:ll::qs lS.S ::.S.3 ::.s .4 

\ !'oto-:fU:-c:ilds 1(..0 s.: e.~ a . .:. 
\ 3+ ~ttml.l•• Jl.2 46.0 
' 3+ male• lJ .2 

\ Yeull::qs Cl967l l:!. 7 \!.S \).7 
\ Yu:!..i.=qs Cl96Cil l7.:l lO.C :!.9 

Avll:aq:e ' Males 
Yu:.!.~ Cl96l-69l s2.c s: .. 9 53.0 
'l"ooi-ye&..-ol.ds (!953-69) s.:..a SO.l sc. 6 

http:Popu.l&-:.io
http:C!9o2-.se
http:c.o"z;:.:.as
http:o.os.:;.:~.uo
http:0.04.7/0.02
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':~lil ~=r:-:.:..:.ue~'· ......?araonet:e:s WN4 W'tlS liNe 

~ 

S~...i.r.u; Popw.&ti.QZI C:i.762 :-a.:..:.l 73,000 7LOOC n.coo n,oco 

.\\•e:sc;e Mor:.a..U'::';! R.a:.es 
'wel.!/!!~':.1..,; il~~-o9l 

:'ll::lll.le iS -:: !i ::ICI) 

!S."lle (5 ~ l7 :DO) 

!C&l• (' ~-· t:C .29 :DO) 

Mal.. ... 
~·· 

1:.:) :!9 l!IQ) 

!'CAl• (29 :IICI •I 
l'l&le i2S :DO •I 

0.029/0.032 
0.029/0.037 
o.o49/0.o&s 
0.049/0.llE 
O.Od/0.049 
0.049/0.l25 

C.OJl/O.O.l~ 
O.Ol!/0.040
o.cs:>;o.o77 
0.:15:3;0.!30 
o. cs:J;o. c~: 
0. 0!3/0. :::.34 

C.OIS:i./O.OJJ 
0. OISllO. 039 
O.Ol4/0.0i2 
0.0:34/0.l:Z~ 
0.0.34/0.0~l

c.ol.-;c .. ::~ 

0.032/~.034 

o. o.z:;o. :J..;c 
0 • 04 s /0 •06!3 
0.04910.144 
c. c.as;c .o4a 
0.049/C •.:1~ 

Ave::a9e NA't'.~&l Mo:-....:a.!..1 ':;' 
:UI&le (5 ~= l7 ::0) <l96.l-o6, l$69-7:,) 

~· (S ':.C !.7 !110) (1!;62-96, l96s-7!~ 
l'Bl&.l.l ., - :.:::> .29 mel (!96.<-oa, l96s-.~l},_, 
l'!Ue ('­_, <:.::! ~9 :Def Cl962-6a, !.963-7:!.) 
:?-.l.e (2! :110 •) (li6l-1ll 
!VJ.e (29 lliCI 

.,., (!96l-7l) 
:raa.l.e (5 1::) r•_, :.C) (!966-67) 
Mall (5 ':!0 l7 :110) (l966-oS7) 
!-...le {5 ':.0 l7 1110) Cl967-6Sl 
Male (! ':C l.7 1110) <ln7...Sal 
rem&J.e (5 ':.0 l7 :110) Cl9io-o9J 
MAla (! '- :110) (l%&-~9)eo _, 
:rem.a.lt ('- 1:0 29 210) (l960-69l_, 
Mala Cl7 1:0 29 1110) (1960-Ul 

0.:350 
c.3ao 

' 
~ .... 
loiN! 

0.400 
c.uo 
O.OJO 
C.01C 
C.C30 
0.070 

·­u 
WNl 

I 
I 
I 

I 
I 
I 

0.360 
:l.J']O 
C.04ij 
o.oac 
0.040 
c.oeo 
o.uo 
0.440 
0.530 
:: •.SJO 
o.JJo 
0.320 
0.~00 

o.ooo 

Sillllle 

u 
*"NJ 

! 

A"'U'&9'« ' .::.a.J.ves Cl962-Ul 2:!..3 2l.J .n.J 20.2 

m 
2+ !'UI&les (!'all l9671 32,2.52 .2!, ill 29' 94.2 32,lS': 

!.969 !'&!.! Popul&:..ion 
l9~: ~a.U, Popu.U-:..i.cl= 

!7,.::zo 
37,660 

,7,SI99 
:.2.!90 

53,63! 
Jl,JlO 

Sl,O:j 
39,SCJ 

l969 !'al.l C=;csi't.!.OC 

' Yecll.::lqs 

' ':"WC-~•az-:~J.C.s \ 3• !-.les 

' 3• :lll.le 

l.S • .S 
a.l 

46,0 
9.2 

lS.9 
1.2 

45.15 
9.2 

~!.! 
a.s 

4-4.7 
20'.2 

lS.! 
9.2 

46.! 
?.2 

' '!e&:~c;s ' 'fe&:ll:l.qs 
(l9~7) 

(19681 
9.7 
9.~ 

:r.a 
lO.O 

9.8 
10.: 

9.9 
s.:; 

Avera~ ' M&.les 
'!M:..!..!.:lc;s (l963-i9l 
:Oo~e-yeu-oltis (1963--59) 

52.8 
50.0 

52.7 
49.6 

52.7 
49.S 

S-2 .. 9 
so • .:. 
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Ave:a~e Mer-~li:y ~~·~ 
Wcl!/~un~,~ (l~i:.l-~9) 

!CIIL\.e (S -::= l7 mol 

!U.le (S -:.: l 1 mol 

!'sma.le (l ':' -:o 29 :::101 

!U.la Cl7 -:o ::::.9 1110l 


reale \:19 1110 •l 

Ma.le (29 mo •) 


!l.ve:a'i• Na::.u.-""1.1.1 Mar-..all:;· 
r~• c; :.: ; ~~ <1962-~6. l96i-~ll 
Male (S '!O 7 mol (1962-~6. l969-7ll 
r~• ::7 :.: 29 mol Cl962-6a. l969-7ll 
Male (l7 :.o 29 mol (l962•6i, l969-7ll 
Female (29 me •l Cl962•7ll 
!".&.la (29 !110 -) ll9i2-7l)
re:D&J.a cs :.: 11 => Cl966-67l 

~· (5 t.:1 li mol (l966-..S":'\ 

.?CII&le :s ;c l'i =l ClS6i-6Cll 

MAle CS t.:1 17 mol (lSii-<&Sl 

fcu..l.a ($ '!C .l,j !DC} (l!!Cit-69) 

M&l.• (5 '!::l :.; :110) (.1960--69) 

!'as&J.e (li := 2!1 mel Cl966-6!1l 

M&l.a Cl7 ':CI 29 m=) llSia-69) 


2• Psmalas (fall 19671 

1969 ra.:.J. ?c;Ula~= 
!..972 !'LJ.:. ~t::!.Cil 

l9U !'a.ll ~s:.::.cr. 
\ Yea:l.i.:lqs 
\ "rwcl-~u-oltis 


\ J- ~emalas 


\ J• U..:..s 


\ Ya&:linqs (l96il 
\ '!a&:l.i:lqs ClSiS} 

Avanqe \ Males 
'!ea:linqs Cl9EJ-69l 
'!:"ooo-~u-cl:is (l~l-691 

7'3. coo 

0.03":'/0.037 
C.OJ7/0.~-' 

c.os.s;c.oe:: 
C.OS5/0.l4-' 
c.:::ss;c.os4 
O.O!!/C • .:!4 

5­
a.s 

WNS 
' ' 1 

I 
! 

I 
I 

:c.: 

27,314 

.;:.,6a6 
l4 ,544 

l6,~ 

s.o 
47.! 
6.9 

••= • o 
lO.O 

5.l.6 
49.3 

a:.oco 

c.c:s;c.:2"7 
0.026/C.~JJ

c.o.;.z;o.ooJ
o.o.:.:uc.!.os 
'J. 04l/C. 042 
o. o.;:;c .lSi 

ll.J 

li,l!SC 

il,OS9 
53,.594 

lS. J 
S.J 

44.S 
lO.S 

9.7 
i.7 

s:.a 
SO.l 

32,00C 

~.0::!9/C.OJO 

::.C.29/0.C:I6 
0.04S/C.06S 
0.04iolC.U.; 
O.C4S/0.04S 
0.0,0/0 .. :ll 

o.~oo 

0.4::10 
0.050 
~.ogc 

O.::iSO 
O.lOO 
0.400 
0.430 
c.s1o 
0 • .5::10 
O • .:l'?O 
0.360 
o.oso 
0.090 

:.:..l 

23,901 

lO.O 

lO.j 
10 • .2 

S2 .. S 
49.7 

http:o.o.:.:uc.!.os
http:C.OS5/0.l4
http:c.os.s;c.oe
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in the Nelchina Area could not have stopped the here's growth 

given good fall recrui~ent of calves and high natural survival 

rates. 

b. 	 Grow~~ with P~ah Natural Survival Rates and Lowered 
Fall Recruitment of calves in 1963-66 

It is unfortunate that no population data were collected 

du:::ing the recent "peak" of the NC.d. aos (1975) and A. T. Bergerud 

(pers. comm.) have suggested that a dec:::ease in ~~e increment of 

calves du:::ing this time may have been partially responsible for 

stopping the herd's population growth and starting its decline. 

Previous analyses in ~~is chapter have demonstrated no observable 

trend in the fall percentages of calves in the he:::d (Table l) as 

well as poor correlations between the proportion of young cohorts 

in the harvest collections and the percentages of calves L~ the fall 

composition co~~ts (Table 5). However, to simulate ~~e possibility 

that fall percentages of calves were lower in the years with no 

data, the following linear regression equation was used ~o generate 

the fall percentages of calves (P.) in the years 1963-66: 
l. 

(18) 

where 

R. 2 = the ratio of female two-year-olds to all females
l.+ 

in the harvest sample in year i + 2, and 

i ... the year for which the percentage of calves is 

calculated. 
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Using values of R derived from ha-~est data (Unp. ADF&G Data, 

Caribou Files, Fairbanks}, fall calf percentages of 20.9, 17.3, 

and 17.0 were calculated for the years 1963, 1964, and 1966, 

respectively. A value of 17.5 was used to represent relatively 

low fall percentages of calves in 1965 since Equation 18 could 

not be used to calculate the fall calf percentages in that year 

due to the lack of a harvest collection in 1967. 

The results of simulations using ~~e above values for fall 

calf percentages, good survival rates, and the estimated wolf 

predation and human harvests used are shown in Table 9 (Runs 

srnM 4 to 6). These simulations suggest that lowered recruitment 

of calves in 1963-66 would stabilize the gro~~ of NCR, given 

an initial starting population in 1962 of 63,000, while with 

starting populations of 73,000 and 82,000, the herd would have 

continued to increase. 

c. Simulations Producina a "Good Fit" to the Comnosition Data 

While some of the above simulations from 1962-69 produced herd 

levels which stabilized or began to decline, none of the simulations 

produced herd compositions whic~ closely fit the estimated 

compositions for the herd given in Table l. This is primarily 

because the natural survival rates of calves used in the above 

simulations are higher than those indicated in the data, as 

evidenced by the percent of yearlings obse~ved in l96i-69. The 

above holds ~~~e even when the estima~ed ove~win~er wolf predation 
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selective for calves was doubled (Tahle 9--Runs SKi·iS 4 to 6) . The 

results of various simulations attempting to produce a close fit 

to both the population and composition data are given in Table 9 

(Runs WNl to WN9 and WSl). These runs suggest that natural rno~ality 

rates of calves from 5 to 17 months of age were roughly 0.45, 0.53, 

and 0.35 for the years 1966-67, 1967-68, and 1968-69, respectively. 

These values are well above the rates of approximately 0.13 to 0.17 

modified from Skoog (1968) for ~~e years 1954-62 suggesting an actual 

L,crease in overwinter mortality of calves in 1967-69. Overwinter 

wolf predation, selective for calves, was estimated at only 6 percent 

for this cohort (Table 9--Run WSl) ; ~~us wolf predation would have 

to be increased approximately 500 percent to account for ~~is 

increased mortality rate. Such an increase seems unrealistic. In 

addition to ~~e high overwinter mortality of calves in the years 

specified above, L,creased overwinter mortality rates of calves in 

the remainL,g years from 1962-69 of approximately 0.20, 0.40, and 

0.40 (the latter two values in conjunction with increased natural 

mortality rates of caribou older ~~an 17 months) would be required 

to reduce·l962 fall populations of 63,000, 73,000, and 82;000, 

respectively, to approximately 50,000 ~,imals by 1969 and to produce 

a "close fit" to the composition data (Table 9--Runs ·..rn1, 'iVNS, and 

WN9). The hypothesis that increased natural mortality of calves 

during the winter played a major role in "checking" the growth of 

the NCH in the ~~d-l960's is supported by ~he following: (1) i.t can 
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satisfactorily a~lain observed trends in herd size and 

composition, (2) late winter calf/adult female ratios were low 

in 1967 (Bos 1975) , (3) the increased proportion of old females 

among 2+ females in the ha_~est collections since 1963 suggests 

lowered recruitment of anL~ls to 2 years of age (Bos 1975), and 

(.4) est.ilna.ted wolf and human harvest does not appear to have been 

capable of stoppL~g the herd's gro~~ in the mid-1960's or explaining 

~~e estimated composition of the herd (Table 9). Egress of animals 

from the herd could have reduced its size to the point where it 

became more susceptible to wolf predation and hunting mortality and 

thus played a role in ~~e decline of ~~e herd. However, emigration 

cannot explain the herd composition data (Table 1) unless exceptionally 

high proportions of calves and/or short yearlings were included in the 

animals that emigrated. 

It should be noted that even with zero natural mortality of 

17 to 29 month old caribou in 1968-69, the estimated wolf predation 

and human harvests are such ~hat the percentage of two-year-o1ds in 

1969 is lower than predicted from the fall composit:.ion data (Table l, 

Table 9--Runs WNl to WN9, and WSl), suggesting some error in the 

composition dat:.a. These errors may have arisen because (1) the 

percentage of two-year-olds in 1969 is estimated from ~~e linear 

regression e~~tion of 3+ females over time minus the observed 

percentage of 2+ females; and (2) the 1968 fall composition count 

may not have fully represented the yearling cohort. ?otential errors 
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•~ t~e da~a set ~a~e conclus~cns based en ~~e data seem less 

valid and 

uncerst~~di~g caribou ?OP~la~~cn ecology. 
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ll. MODE!..!NG Tr:E ~"ELC:!INA CAP..!:SOU HERD ( 196 9- 72) 

From 1969 to 1972 a drastic decline in the NCE occurred. 

Simulations were run ~~d analyzed for this period in a manner 

analaqous to that described in the previous section. Since 

population estimates of herd size are only available for t."'le years 

1967 ~~d 1972, the results of model sim~lations from 1962-67 

(Table 9) were used to dete~ne starting herd sizes in the fall 

of 1969. Herd sizes of 48,000, 60,000, and 85,000 are chosen to 

represent the uncertainty of the 1969 fall population. Natural 

mortality rates for 1954-62 modified from Skoog (1968), as described 

previously, were used in simulations to test the hypothesis that 

good natural survival rates were still operative from 1969-72. 

Natural mortality rates were also selected to "fit" the composition 

data (Table 1) and population decline of the herd. The results are 

presented in Table 10 and discussed in following sections. 

a. Pooulation Resoonse of the NCH with Good Na~ural Survival Rates 

SL~~lations, using the natural mortality rates modified from 

Skoog (1968), estimated human harvest (Table 3), and wolf predation 

estimates C.iscussed previously, generated 1972 here sizes well above 

the 1972 census estimate of :Sos (1973) (Table 10--Runs SKWN 7 to 9). 

Recall tha~ the wolf predation estimates assume that at this time 

wolves were killing proportionately less caribou in favor of moose. 

However, s~mulations doubling the above estimatec wolf predatio~ 
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also p=oduce 1972 here sizes more than twice the estimate o: 

Bos (1973) (Table 10--Runs Sk~ 10 and 11), although the magnitude 

of total mortality on adult males exceeds the number of adult 

males present in the herd when a starting 1969 fall population of 

only 48,000 is used (Run S~WN 10). Likewise, a model run using 

mortality rates with double the estimated human harvest (Table 3) 

and a sta.-ting population of 60,000 indicates negative numbers of 

adult males present in 1972, with a total herd size of over 

20,000 animals (Table 10--~~ SKYn; 12). A starting 1969 fall 

population of 85,000, with good natural survival and double the 

estimated harvest, would have declined to approximately 60,000 by 

the fall of 1972, with only 3 percent of the remaining herd comprised 

of 3+ m~les (Table 10--Run SKWN 13). The poor agreement among 

output of the above simulations and estimated herd size and 

com?osition strongly indicates that different natural mortali~y 

rates were operative on the herd from 1969-72 compared to 1954-62. 

b. 	 Peculation Madeline of the N~rl Producinc a 
"Good Fit" to the Data 

The natural mortality rates, which include wolf predation and 

produce a reasonable fit to the demographic data, given a 1969 fall 

popt:.lation cf 48,000, are listed in Table 10 (Runs NoWPl and No'V1?2) . 

These mortality rates were relatively high for males 17 tc 29 months 

old and for females older than 17 months; however, since the 

estimated human harvest of 3+ males alone exceeded the number of 
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3+ males in these nL~s, the natural mortality rates for the 

adult rrale cohorts were negative. 

Runs t\'S2 and WS3 (Table 10) used natural mortality rates 

that gave a close fit to the demog:-aphic data, given that wolf 

predation is selective for calves. A starting 1969 fall population 

of 48,000 requires the addition of 1,310 2+ males, ~~ile 4,423 

17- to 29-month-old males and 12,502 females older th~~ 17 months 

died of causes other than hunters or wolves from the fall of 1969 

to the fall of 1972 (Table 10--Run WS2). Wolf predation with less 

selectivity for calves would require even greater negative natural 

mortality rates for males older than 29 months in the simulations 

in order to closely fit the demographic data. Increasing the 1969 

st~~ing population can alleviate the need for negative mortality 

rates of males older than 29 months, but requires greater natural 

mortality rates for the o~~er age and sex groups (Table 10--Ru.~ WS3). 

Possible shortcomings of estimates of the magnitude and sex 

ratio of hunter-cause·d mortali 't.y on caribou has been discussed 

previously. The sex ra"t.io from mandible collections of harvested 

animals ('ra:ble 2) from 1969-72 was substituted for ~'1e sex ratio 

from harvest report tickets in estimating the age and sex composition 

of the hunter ~""Vests in the model. Simulations using the "revised" 

harvest data still required high natural mortality rates for 17- to 

29-month-old males ~~d for females older tha.~ 17 months and low 

natural mortality rat:.es for males older than 29 months (Table 10-­
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Ru."'ls HS4 to v~S7) in order to produce a close fit to the herd 

composition data. 

The high mortality of 17 to 29-mon~~-old caribou indicated 

in these simulations can be explained in part by possible error 

in the estimated 1972 fall composition of the herd. Lowering the 

natural mortality rate of 17- tc 29-month old caribou implies an 

increased mortality rate in other age and sex groups fer a similar 

population decline to occur, however. Run WS8 (Table 10) repre­

sents a =un in which some of the natural mortality of the 17- to 29­

month-old cohort shown in Run WS7 is transferred to the 5- to 17­

month-old cohort. Such a shift in mortality rates would have 

produced a herd composition which was considerably different than 

~~at observed in the early 1970's (Bos 1973, 1974b, 1975). 

c. Reasons for the Decline (1969-72) 

The possible roles 6£ emigration, hunting, wolf predation, 

and increased natural mortality rates in the decline of the NCE 

are ~iscussed in three sub-sec~ions given below. 

(l) Emigration 

No egress of ~"'limals !rom the NCF. was documented in the late 

1960's and early 1970's (Bos 1973, 1974b, 1975), nor have surrounding 

herds increased in size (.J. Davis, pers. comm.). For emigration to 

explain the high natural mortality rates generated for many age-sex 

groups (Table 10) rather s~stantial numbers (13,500 tc 22,000• 
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animals) of cer~ain age-sex groups would have had to have 

emigrated from the here (Table ll). Such large, conjectural 

immigrations of animals into surrounding herds would have 

substantially increased the size of the adjacent herds, since 

the largest of those herds hac a maY~um of only 10,000 ar.imals 

prior to this time (LeResche 1975). !tis doubtful that such an 

increase in herd size could have gone undetected. 

(2) Wolf oredation and hurr.an harvest 

Undoubtedly, wolf predation and human-caused mortality played 

influential roles in the recent decline of the NCH. The decrease 

in adult males, for example, appears to be solely the result of 

excessive and selective hunting pressure. Also, the average hunting 

mortality rates of females older than 29 months are estimated at 

18 to 23 percent (Table 10). Using the input in simulation WS3 

(Table 10) , t.-,e estimated hunting kill of all caribou older than 

5 months and of male caribou older than 29 months is approximately 

3.5 and ll times higher than t.he estimated wolf predation on those 

same respective cohorts. Since t.he wolf predation rates in simulation 

WS3 assume wolves are beginning to switch to more moose and the 

hunting mortality rates do not take into account wounCing loss or 

illegal kill, both wolf preda~on and hunting mortality estimates 

may be conservative. However, in lieu of increased natural 

mo~ality rates of the herd, wolf predation and/or hunting harvests 

are responsible for the rapid decline of the herd or~y if the 
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estL~ates of the sex a~d age-specific numbers of caribou taken 

by hunters a.-1c wolves are considerably in error (Table 11) . The 

need to evaluate the ability of harvest report tickets and harvest 

collections to accurately reflect the magnitude and age-sex 

composition of ~~e actual human-caused mortality is indicated here. 

The level of wolf predation necessa_"')• to "account for" increased 

natural mortality rates observed in certain age and sex groups of 

a~imals older ~~an li months (Table ll) seems highly unrealistic, 

given the previously discussed wol!" predation studies. 

(3) Natural mortality 

It should be emphasized that virtually no natural mortality of 

caribou (excluding wolf predation) was documented during this time 

period (Bas 1973, 1974b, 1975): however, surveys of wintering areas 

were apparently not extensive a~d dead animals on summer range are 

often difficult to detect (~~ller and Broughton 1974, pers. obs.). 

Much of the increased natural mo:::-:.ality indicated from the results 

of the population simulations (Table 10) may be due to the 

inability of ha_""Vest statistics to accurately portray the actual 

harvest. This point seems valid since the natural mortality rate~ 

generated by the model (Table 10) suggest virtually no natural 

mo:::-t.ali ty of adult males compared tc adult females. This is con-::.=a.."')' 

1:0 findings of other Ran~ife~ studies (Klein 1968, Skoog 1968, 

:Sergerud l97lb) which all suggest a grea1:er natural mo=-:.ality rate 

of adul-c males. !..ikewise the high mortality rates on the 17 -co 29 
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month yearling cohort, indicated by the modeling exercise 

(Table 10), are difficult to explain. Wolves have not been 

shown to select for this cohort; NCH h~~ters tend to select 

against shooting yearlings in favor of larger adults. Dauphine 

(1976) has shown that body fat reserves in late winter are lower 

in yearlings than older caribou in the barren-grounds of Canada; 

however, the vulnerability of this age class to natural mortality 

has not been demonstrated in previous population studies {Skoog 

1968, Bergerud l97lb, Parker 1972, Gossow 1974). Natural mortality 

rates on caribou from 5 to 17 months of age used to produce a close 

fit to the composition data were comparable to those used for a 

close fit of the data in the time interval 1962-69. Apparently 

considerably higher average overwinter natural mortality of calves 

occurred since 1962 than during the increasing phase of the herd 

from 1954-62, supporting the hypothesis that such mortality played 

a role in halting the herd's grow-~ as well as aiding in its rapid 

decline. 
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12. 	 MODELING THE su;;tliVA:.. OF CALVES TO FALL IN TI-:E 
NE:LCEINA CARIBOU HERD (1954-72) 

!n modeling of the population dynamics of the NCH (1954-72), 

the fall percentages of calves were usee for the recruitment rate 

of the herd, for reasons previously discussed. This section 

analyzes the initial productivity and survival of calves to the 

fall in the NCH, using, in part, the results of the previous 

. , .moae-lng. 

a. Estimatina the Survival of Calves to the Fall 

From an examination of 436 female carcasses from 1957 to 

1962, Skoog {1968) determined !ertility rates in the NCB of 0.00, 

0.13, 0.61, and 0.89 for calves, yearlings, two-year-olds, and 

3+ females, respectively. By assurr~ng that these fertility rates 

represent parturition rates for the herd and by estimating ~e 

number of females in the herd at pa_~urition, one can obtain an 

estimate of the number of calves born. By estimating the number of 

calves present in the fall, one can estimate the survival of calves 

from parturition to the fall. ~ne number of females present at 

calving time and ~e number of calves in the fall are estimated 

from previous simulations (Tables 8, 9, and 10). Fall populations 

of female cohorts are converted to calving populations L, ~~e 

subsequent years using the following equation: 



lOS 

,... 7/12
= ['!:' X (1-H.. ) ] - (W .. X 7/1.2) - (E .. ) (19)I"'i+l, j+l :.. , j ~,J ~,j ~,J 

where 

F. . = number of females of age cohort i in the fall 
~,J 

o... ~ year J,. 

c. l . l = number of females of age i+l at calving time 
~+ ,j+ 

in year j+l, 

M. . = natural mortality rate of females of age i from the 
~,J 

fall of year j to the fall of year j+l1 

w. . = estimated wolf predation on the i th cohort from 
~, J 

the fall of year j to the fall of year j+l, and 

E. . = estimated hunting kill on the ith cohort from the
.l.,J 

fall of year j to parturition in year j+l. 

Seven months is used as an approximation of the time from fall to 

parturition (Skoog 1968). In simulations from 1954 to 1962, when 

wolf populations were relatively low, wolf predation is included with 

natural mortality. 

Su_-vival rates of calves from parturition to fall are only 

estimated for the years in which fall composition counts are 

available (Table l). Since the population and composition estimates 

of the herd in any l year are subject to rather wide uncertainty, 

s~~·ival rates of calves are calculated for a number of simulations 

described in Tables 8, 9, and 10 and shown in Fi~~e 9. Natural 

mortality rates were adjusted in all these simulatior..s to ":!:it" the 

com?osition da~a. 
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o~--~_.__._~--._~--._~~ 
1954 1958 1962 1966 1970 

Year 

80,000 

70,000 

60,000 

50,000 
Q,) 

N 


40,000
-o 
'­
Q,) 

I 
30,000 

20,000 

I0,000 

n= computer simulations 

shown in Tables 8, 9 

and 10. 

Figo..1re 9. Projected fall herd size of the Nelcr.ina Caribou 
Herd (1954-72). 
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b. Ana1vzina Trends in the Su~ival of Calves to t~e Fall 

Using Equation 19 and ~~e estimated herd sizes given in 

Figure 9, survival rates of calves from parturition to fall 

during the years 1955 through 1959 averaged 0.66, declining by 

1972 to approximately 0.28. To determine if ~~e decline in the 

calculated calf survival to the fall is solely the result of 

hunting and/or wolf predation, calf survival rates from parturition 

to fall are calculated taking into account: (l) the estimated 

hunting mortality on calves less than 5 months of age, (2) ~~ree 

assumed wolf predation rates of 1.5, 3.0, and 4.5 caribou younger 

than 5 months old/wolf/year, and (3) the above ~~ee wolf predation 

rates with the wolf predation rate declining by 20, 40, and 68 

percent in the years 1969-70, 1970-71; and l9il-72, respectively, 

as described previously in the section on estimating wolf predation 

on ~~e NCB. First through third degree polynomial equations were 

calculated for ~~e estimated calf survival rates regressed on time, 

given the above conditions and the ~~ree simulation series. The 

results are shown in Table 12. 

(l) Huntina mortalitv 

Estimated hunting mortali~y on calves from parturition to 

5 months of age ranged from 0.3 to 2.4 percent in the three 

simulation series. Polynomial equations of the survival rates of 

calves to ~~e fall, excluding the mortality due to hunting, 

regressed on time are nearly identical to polynomial regressions 
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of the survival rates with the huntL,g mortality ~~eluded and are 

consequently omitted from Table 12. Unless ~~e h~,ting mortality 

on calves younger than 5 months of age is many times greater than 

estimated, increased hunting is not responsible for the noted 

decline in ~~e recr~itment of calves to the fall. 

(2) Wolf predation 

Increasing ~~e wolf predation played an important role in 

reducing the survival of calves to the fall from 1954 to 1972. 

In the years 1967-69, the estimated mortality rates of calves due 

to wolves ranged from 1.6 to 2.4 percent, 3.2 to 4.8 percent, and 

4.8 to 7.4 percent for the three respective wolf predation rates 

of 1.5, 3.0, and 4.5 calves (0 to 5 months}/wolf. If wolves 

continued to prey on caribou calves less than 5 months of age at 

the same rate per wolf after the fall of 1969 as before, the 

estimated mortality rates due to wolves in 1972 would have increased 

to 7.5 to 8.1 percent, 14.9 to 16.3 percent, and 22.4 to 24.4 

percent, given ~~e above three respective wolf predation rates and 

the two simulations used to estimate calf survival to the fall. It 

was postulated previously that wolves reduced their take of caribou 

during the wi~cers from 1969-72 as a response to the lower numbers 

of caribou and their reduced winter range. The calving and s~~ering 

gro~,ds of the NC~ remained relatively fixed during this time, 

however (He~~~g 1971, 3os 1973); therefore, if wolves switched 

from caribou during ~he summer months as ~~e herd declined, it 
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should be primarily a response to the lower density of caribou 

on the summer range. 

(3) Natural mortalitv 

All first degree polynomial regression equations of estimated 

calf survival from birth to 5 mon~~s of age and time are significant 

at the 0.05 level, except for one run (SK1-WN1-WS2:6, Table 12) 

which is significant at the 0.10 level. The additional significant 

decline in calf survival, even after wolf predation is considered, 

indicates that the decreased recruitment rate of calves to the fall 

was not solely the result of increased wolf predation. The "better 

:it" obtained by several second degree polynomial equations (Table 12) 

indicates that natural mortality of calves to the fall may have 

increased more rapidly during the drastic decline of the herd 

(1969-72) ; this possibility is more likely if proportionally fewer 

caribou calves were killed per wolf during the summer months in those 

years. The significant linear regression equations (Table 12) suggest 

a general trend of decreasing natural "survival" of calves to the 

fall from 1955 to 1972. Because of the lack of data mentioned earlier, 

it cannot be determined if this decrease in the "survival" rate of 

calves is primarily due to decreasing conception rates, increasing 

prenatal and natal mortality rates, or actual increasing mortali~y 

ra~es of calves from pa-~urition to the fall. Clearly, however, 

reduced recr~itment of calves to ~~e fall contributed to the decline 

of the herd, especially in the later years. 
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13. 	 ESTIMATING AGE-S?EC:F!C SURVrvAL OF 3+ CARIBOO 
IN THE NELCHINA ~~BOU HERD (1969-71} 

Because ~~e wear-age technique, whi=h was used to age-

determine most of the harvest collections, classifies various 

age classes together, age-specific mortality rates could not be 

calculated in most years in the NCH. In 1969-71, however, the 

m~~dible collections of hunter-killed caribou were aged to ~~e 

year by ~JDF&G personnel, using a technique developed by c. Lucier 

(He~~ng and Glenn 1969, Bos 1973}. The purpose of this section 

is to calculate age-specific survival rates for 3+ adults in the 

NCH and then compare mortality rates among the various cohorts. 

Age-specific mortality rat=s are calculated for 1969-71 using 

~~e projected 3~ male and 3+ female popu.lations in model simulations 

WS2 and WS7 (Figure 9) and the age structure of the 1969-71 ha-~est 

collections. The mortality rates calculated using the two sL~ulated 

population declines are· averaged and the results are shown in 

Table 13. 

An important assumption on which the above calculations are 

based is ~~at percentage hunting selectivity in any given year is 

constant for all age classes 3 years of age or older. Reimers (1975) 

had indicated that this assumption is probably correct for ~~e female 

segment of wild reindeer killed by hunters in Norway since females 

there reach ultimate body size at 2 to 3 years of age. 
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The hunting mortality rates estimated from ~~e population 

simulations (Table 10) £or 3+ males are 0.38 and 0.55 in 1969-70 

and 1970-71, respectively; for 3+ females the rates are 0.12 and 

0.18, respectively. If percentage hunting selectivity is constant 

fer all 3+ adults of a given sex in each year, then the estimated 

age-specific mortality rates should not be less than the above 

estimated huntL~g mortali~y rates. This is clearly not the case 

with the suz-~ival rates calculated fer the 3 and 4 year old age 

classes from 1969-70 (Table 13). The above indicates ~~at age­

specific percentage h~~ting selectivity is not constant for adult 

males in at least the years 1969-70. Probably hunters tend to select 

large adult males (Skoog 1968, Bos 1975), thus invalidating the use 

of the age structure of the male segment of the harvest collection 

to estimate the age structure of the adult male population. The 

aqe-specific mortality rates for 3+ males from 1970-71 are roughly 

the same among individual age classes (0.72 to 0.88 for 3 to 9 year 

olds) , an indication that hunters became less selective among adult 

males as the number of adult males subst~~tially decreased. 

The mortality rates of the adult male segment of the NCH during 

1970-71 resembles the mortality rates of the excessively hunted male 

segment of the Rondane population (Reimers 1975). The survival of 

some Nelchina males to their fifth year of life in 1971 compared to 

none in the Rondane population probably results from the mu~~ larger 

population and range size of the NCrl facilitating escape and avoid~~ce 
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Table 13. 	 Comparison of age-specific mortality rates of adult 
caribou in the Nelchina Eerd (1969-71) with those 
in a hunted reindeer herd in NorNay and a hunted caribou 
herd in ~~e N.W.T., Canada. 

MALES 


Nelchina 1 	 Rondane 2 Kaminuriak. 3 

69-70 70-71 70-71 66-68 

Age qx 1000 lxl+ qx 1000 lx qx 1000 lx qx 1000 lx 

3-4 0.104 1000 0.754 1000 0.75 1000 0.100 1000 
4-5 0.188 896 0. 719 246 1.00 250 0.424 900 
5-6 0.595 728 o. 736 69 0 0.263 518 
6-7 0.738 295 o. 881 18 0.293 382 
7-8 0.462 77 0. 722 2 0.495 270 

8-9 0.641 42 0.814 1 o.soo 136 
9-10 0.731 15 0.499 0 0.500 68 

10-11 -1.690 4 0.666 0.500 34 
11-12 1.000 11 0.778 0.429 17 
12-13 1.000 0 1.000 10 

13-14 ceS 0 
14-15 1.000 
15-16 
16-17 = 
17-18 

lQx values est~~ted as described in text from harvest collections by 
ADF&G (Bos 1973, Unp. Data, Caribou Files, Fairb~Lks) and population 
simulations WS2 and WS7 (Table 11). 

2Qx values estimated to the nearest 5 percent from the age composition 
of hunter-killed animals in 1970 and 1971, given by Reimers (1975: 
185), assuming the numbers of 3+ males and 3+ females in the 
population r~~ained constant from 1970 to 1971. 

3Taken from Miller (1974), who assumed a sta~ionart population from 
1966-68. 

4 1000 lx values calculated applying the age-specific qx values from 
1 year to the next to a single cohort over time. 

5= 	 indicates animals in ~~e i+l~~ age class were found in the harvest 
collections in year n+l, while no animals of age i were found in 
the harvest collections in year n. 



115 

Table 13. continued 

FEMALES 


Nelchina Rondane Kalninuriak . 

69-70 70-71 70-71 66-68 

Age q:x 1000 lx gx 1000 lx q:x 1000 lx qx 1000 lx 

3-4 0.600 1000 0.586 1000 0.40 1000 0.100 1000 
4-5 0.700 400 0.358 414 0.45 600 0.043 900 
5-6 0.745 120 0.218 266 0.45 330 0.037 861 
6-7 0.231 30 0.406 208 0.05 182 0.073 829 
7-8 -0.066 23 0.546 123 1.00 172 0.218 769 

B-9 0.452 24 0.492 56 -0.85 (86)6 0.336 601 
9-10 0.334 13 0.419 28 0.40 159 0.500 399 

10-11 0.201 9 0.616 17 1.00 95 0.378 200 
ll-12 -0.998 7 0.597 6 0 0.274 124 
12-13 0.112 14 0.340 3 0.324 90 

13-14 0.667 13 0.450 2 0.360 61 
14-15 -= 4 0.780 1 o. 375 39 
15-16 -= 0 1.000 0 0.600 24 
16-17 0.894 1.000 10 
17-18 0 

6Estimated assuming a gx of 0.50 from 1970-71 fo:::: the 7-8 year old 
age class. 
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o! hunting pressure. The large hunting mortality rate on adult 

males is undoubtedly responsible for reducing the average age of 

3+ males in the harvest collections from 5.48 in 1969 to 4.45 in 

1971. 

SU-rvival rates of adult female caribou in the NCF. from 

1969-71 (Table 13) were considerably lower than survival rates 

calculated for adult females from "stable" he=ds in Norway and 

c~~ada. The average age of 3+ females in ~~e ha.-vest collections 

increased from 6.08 in 1969 to 6.74 in 1971. This is suggestive 

of a lower recruitment rate of the younger age classes of females 

during ~~e decline similar to that generated by ~~e population 

model of the herd (Table 10) • 

Finally it should be noted that the unreal mortality rates 

shown in Table 13 for the less frequent aged individuals (i.e., 

negative mortality rates or spontaneous appearance of age cohorts) 

is probably the result of inaccuracies in ~~e age-determining 

technique (Doerr, in prep.) as well as sampling variability. 
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14. 	 RE1AT!ONSF.!PS BE~iEEN ~3RD SIZE &~ VARIOUS HAR~!EST 

STATISTICS IN THE ~~LCHINA CAR:BOU HERD (1954-71) 

In the analysis of harvest data earlier in this chapter the 

relationship be~ween harvest statistics and the size of the herd 

was ignored. This was necessitated by the scant population data 

available on the herd. By integrating the various demographic data 

into a single system, it is possible to generate a number of 

simulations representing a range of possible population patterns 

of the herd's growth and decline (Figure 9). Using ~~e yearly 

herd size from a number of these simulations, it is possible to 

examine ~~e relationship between the size of the caribou herd and 

various population parameters. Correlation coefficients between 

herd size. (Figure 9) and 14 harvest parameters are shown in Table 14 

and are discussed below. 

a. Total Harvest and Herd Size 

No correlation was found between estimated herd size and total 

harvest of ~~e NCH from 1954-71 (Table 14), a period of time when 

seasons and bag limits are comparable (Table 3). This lack of 

correlation is important; it should be emphasized ~~at the ha_-vest 

increased from 1969-71 (Table 3), despite a declining herd. In ~,e 

NCH, human predation is not density dependent; this predator/prey 

relationship played a major role in rapidly depressing the herd to a 

low level. Reduced bag limits and shortened hunting seasons (Table 3) 
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Table 14. 	 Simple correlation coefficients between estimated fall 
population in the Nelchina Caribou Herd and various 
harvest parame~ers (1954-71). 

Estimated Fall Pooulations2 

Harvest Parameters 1 SK1-v1Nl-WS2 Run l-WN5-WS2 Run l-WN3-t'lS7 

Total Harvest (18) -0.040 -0.014 0.110 

\ males (17) 0.244 0.220 0.080 

\ calves (16) 0.356 0.4473 0.378 

% yearlings (16) 0.350 0.373 0.254 

\ two-year-o lds (16) -0.312 -0.214 -0.359 

\ yearlings + 
two-year-olds (16) 0.049 0.135 -0.056 

\ 3+ females (16) -0.4663 -0.4913 -0.304 

\ 3+ males (16) 0.152 -0.067 0.102 

P.H.S. calves (8) 0.334 0.418 0.430 

P.H.S. 3+ females (16) -0.288 -0.343 -0.300 

P.H.S. 3+ males (16) -0.060 -0.150 -0.069 

\ male calves/calves (16) -0.5204 -0.5084 -0.535"' 

\ male yearlings/ 
yearlings (16) 0.187 0.137 0.036 

% male two-year-olds/ 
two-year-olds (16) 0.166 0.137 0.010 

,
"Degrees of freedom in parentheses. 

2Fall populations illustrated in Figure 9. 

3P < 0.10. 

4P < 0.05. 
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were necessary to decrease the mortality due to hunting. It is 

uncertain whether large harvests at relatively low herd sizes from 

1970-72 were the result of (l) increasing numbers of hunters, 

(2) increasing hunting effort on the part of ~~e hunters, (3) greater 

access due to the increasing use of snow machines and other 

"all-terrain" vehicles (:Sos 1973), (4) the particular accessibility 

of caribou to the hunters in those years, (5) the general vulnera­

bility of caribou in Alaska to hunting, or (6) a combination of some 

or all of the above. Certainly, however, the role of hunting as a 

regulatory agent on caribou herds in Alaska is well documented by 

the decline of the NCH. 

b. Harvest Comoosition and Herd Size 

No significant correlations were found between three estimates 

of herd size and each of ten parameters of the composition of ~~e 

harvest, except male calves as a percentage of total calves which 

is negatively correlated with herd size (P < 0.05). ?aired t-tests 

of the number of males and the number of female calves in the harvest 

collections reveal significantly more male than female calves in 

1954-60 (P < 0.05) and 1968-71 (P < 0.01) and more female than male 

calves in 1963-66 (P < 0.025). The male:female calf ratio of 48:53 

fo~~d in ~~e 1961 and 1962 harvest collections combined is not 

significantly different from 50:50 (x2 = 0.159, df = 1, 

0.05 < P < 0.75). Significantly more male than female calves 

CP < 0. 05) are found in inc!i vidual harvest collections in the years 
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of 1956 (n"" 21), 1960 (ll =56), and 1970 (n: 11). Skoog 

(1968) has discussed why h~~ters would be unlikely to selectively 

ta~e either male or female calves; moreover, there seems to be no 

reasonable explanation why hunter selectivity for one sex or ~~e 

other would change over time. Other studies of ungulates {..'G.ein 

19701 have indicated that the sex ratio of calves produced by older 

females tend to favor females, and Baskin (l970) has demonstrated 

a similar sex ratio among older female reindeer in Siberia. This, 

however, would not explain the occurrence of more male calves from 

1968-71 when large proportions of older age females were present 

~os 1975}. Distorted sex ratios of calves also have been found in 

harvest collections of caribou in the t-1AH (Table 29 l . ~Vhether such 

differences in sex ratios are due to variable neonate sex ratios, 

differential survival rates from parturition to fall between the 

sexes, sampling variability, biases in ~~e harvest collections, or 

actual patterns in hunter-selectivity remains an enigma requiring 

future study. Obviously, changes in primary or seconda.~ sex ratios 

could produce profound changes in adult sex ratios or mortality 

patterns in subsequent years. 

The percentage of 3+ females was negatively correlated wi~~ 

herd size (? < 0.101 in two of the simulation series. This 

correlation is probably the result of the increasing proportion of 

females in the herd as the herd declined, since percentage hunter 

selectivity for 3+ females showed no significant trends with time. 
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The percentage of calves in the har;est collections was positively 

correlated with population size (P < 0.10) in one simulation series, 

but not in the other two. 

c. 	 Percentaae Hunter Selectivitv and Herd Size 

No significant correlation was found between herd size and 

percentage 	hunter selectivity for calves, 3+ female, or 3+ males 

(Table 14). 

d. 	 Conclusions 

Based on the above results, it seems unlikely ~~at any harvest 

statistic is a good indicator of the size of the herd. The reasons 

for the occurrence .of distorted sex ratios of calves in harvest 

collections requires further study. 
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15. 	 TESTING THE ACCti'RACY OF THE POPULATION CENSUSES OF THE 

NELCHINA OL~BOU HE?~ (1972-77) THROUGH TEE USE OF 

SL'\fiJIATION MODELING 


Since 1970, the NCH has been censused on nearly an annual 

basis using a ~echnique discussed in detail in Chapter 4. 

Simulations of gro~~ of the NCH, using the previously· described 

population model, were ~~ in order to determine if yearly popu­

lation estimates were compatible with projected simulations. In 

particular, the simulations were run to test the hypothesis that 

·the NCH could increase from 8,000 in 1972 and 1973 (Bos 1973, 

1974b) to approximately 14,000 caribou obse~ed in the post-calving 

census in 1977 (S. Eide, Unp. ADF&G Data), given certain harvest 

and wolf predation levels. 

Fall populations were estimated from counts of post-calving 

1+ females assuming a natural survival rate (including wolf 

predation) of 0.98 for 1+ females from post-calving to fall, 

adjusting for the estimated hunting mortality on females prior to 

early October (Table 3) , and then extrapolating a fall popula~ion 

from 	the fall composition ratio of caribou other than 1+ females/ 

1+ females. In 1974, the fall population is estimated by simply 

subtracting the total harvest (Table 3) and a natural mortality of 

2 percent from the number of animals counted in ~~e post-calving 

aggregations since fall composition data is not available for ~~at 

year. 
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Hunting mortality on caribou, used in ~~e simulations, is 

obtained from the estimated magnitude and sex ratio of ~~e 

harvests (Table 3) multiplied by 1.1 to acco~~t for wounding 

and illegal kill. The age structure of the harvest in 19i2 

(appendix B) is used to represent the age structure of the harvest 

in 19i3-76, since harvest collections were not made iri those years. 

Natural survival rates, excluding wol~ predation, of 96, 93, 96, 

95, 98.3, and 95 percent are used for females (5 to li months), 

males (5 to li months), females (li to 29 mon~~s), males (17 to 

29 months), females (29+ mon~~s), and males (29+ months), 

respectively. Two sets of fall calf recruitment are used for years 

lacking data (19i4-i5). One set uses the average observed 

percentage (19.7 percent) of fall calves in 19i2, 1973, and 19i6; 

the o~~er uses a high value of 23.0 percent. Various starting popu­

lations in 1972 are used in the simulations along with different 

conditions of wolf predation. A comparison of some projected 

populations of the herd with fall census estimates are shown in 

Figure 10. Wolf predation is assumed to be highly selective for 

calves in these simulations, although similar results occur in 

simulations having wolf predation with low selectivity for calves. 

Assuming no immigration from outside herds, the results of 

simulations using the above assumptions and a wolf predation rate 

of four caribou/year/wolf suggests that the 1972-76 caribou 

popula~ion censuses have accounted for only 6G to iO percent or the 
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~otal herd (Figure 10). The above wolf predation rate is felt 

to be the most realistic; however, even if the wolf predation rate 

is only one-half the above estimate, it is evident the census 

method has considerably underestimated the size of ~~e herd in 

most years. Immigration from outside herds has not been noted 

since the decline (S. Eide, pers. comm.) and seems highly unlikely 

since adjacent herds are at very low population sizes (J. Davis, 

pers. comm.). Bos (1974b) felt ~~e close herd estimates of the NCH 

in 1972 and 1973 were an indication of the reliability of the census 

method. Given the simulations discussed above and a detailed 

discussion of the census technique presented in Chapter 4, it seems 

very likely that the 1972 and 1973 estimates substantially under­

estimated the size of the herds in those years. It should be noted 

~~at the above assertion is made using simulations that assumed 

relatively high natural survival rates for caribou compared with 

findings from other studies (Skoog 1968, Bergerud 197lb, Parker 

1972, ~~ller 1974, pp. 68-103) as well as assuming the 1977 

post-calving count of 14,000 caribou contained most of the animals 

in the herd. If ei~~er of the above estimates is incorrect, the 

recent censuses of the NCH are even greater underestimates of herd 

size than the above discussion indicates. 

Pegau and Hemming (1972), as well as others, have stressed that 

the present census method produces minimum estimates of herd size. 

However, t~e "minimu."!!" estimates do net appear to represent a 
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Wolf Predation 
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Fiqure 10. 	 Simulations of the population gro~~ of Nelchina Caribou 

Herd (1972-76). 


Solid line represents the m~n~mum fall population 
estimates from census data of the ADF&G. 

Dashed line represents computer simulations; ~~e 

forked lines represent simulations using the average 
observed fall percentages of calves (19.7) and high 
fall percentages of calves (23.0} in the years with 
no fall composition data. 

1972 
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consistent portion of the herd from year to year and often seem 

to be such low estimates that subtle population trends in the herd 

may be difficult to detect (Figure 10). 

Several other observations of the population dynamics of the NCH 

are worth mentioning here. First, Pegau (1975) has documented that 

lichens are in poor quality throughout the range of the NCH due to 

overutilization by caribou and trampling by caribou and moose. The 

recent indications of high calf recruitment and good natural survival 

in the NCH lends support to findings that caribou can do well in 

habitats largely devoid of lichens, possibly by switching to 

alternate foods such as sedges (Murie 1935, Skoog 1968, Bergerud 

1972). Second, unless the herd estimates are considerably more 

conservative than suspected, it is apparent ~~at the importance of 

caribou L~ the overall diet of wolves in the Nelchina Basin has been 

reduced (Figure 10). Wolf populations have remained relatively high, 

and caribou appear to be exhibiting good survival rates despite an 

"unbalanced" caribou/wolf ratio, possibly because wolves have 

concentrated on alternative prey, such as moose (Stephenson 1978). 

Finally, the dramatic effect various wolf predation rates are capable 

of exerting in simulations of the population dynamics of "small" 

herds (Figure 10) should be noted. Obviously ~he magnitude of wolf 

predation, as well as h~~ ha-~est, is of extreme consequence to the 

future status of the NCH. The importance of high predator (humans 

included)/prey ratios to the management of other Alaskan caribou 

herds is discussed in more detail in Chapters 7 and 8. 
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C. SUMMARY 

From 1954-62, the NCH increased in size by 50 to 100 percent. 

This increase was largely the result of high overwinter survival of 

calves (estimated at 85 percent or higher), low annual wolf predation 

(.estimated at less than 2 percent for caribou older than 5 months of 

age), and high fall calf/adult female ratios compared to other caribou 

herds (Bergerud 1974a). Hunting mortality rates for 2+ males and 2+ 

females during this period were estimated at approximately 14 and 4 

percent, respectively; natural mortality rates for these cohorts were 

estimated at between 7 and 14 percent and 1 and 5 percent, 

respectively. 

From 1962-69, the NCH stopped increasing in size and began to 

decline. The main factors stopping the herd's increase are believed 

to be an increased overwinter natural mortality rate of calves of 

20 to 40 percent, a decreased recruitment of calves to 5 months of 

age, and increasing wolf and human predation. Wolf predation on 

caribou older than 5 months of age was estimated at approximately 

3 to 6 percent for that time. Hunting mortality rates on 2+ males 

and 2+ females were estimated at approximately 22 and 5 percent, 

respectively. The possible role of emigration or increased 

natural mortality of adults in stop9ing the herd's increase is 

uncertain.' 
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From 1969-72, the NCH decreased to less than 20 percent its 

former size. The demographic data did not satisfactorily account 

for projected population trends of the herd during ~~is time. 

Undoubtedly the rapidity of the herd's decline was largely the 

result of excessive h~~ting mortality on adults (estimated at 

approximately 50 and 20 percent an.~ually for 2+ males and 2+ 

females, respectively), together wi~~ decreased recruitment of 

calves, yearlings, and two-year-olds and increased wolf predation 

rates estimated at 10 percent for caribou from 5 to 17 months of 

age and S percent annually for caribou older ~~an 17 months of age. 

The decrease in the recruitment rate of animals to adult age was 

partially the result of relatively high natural mortality rates of 

caribou from 5 to 29 months of age during that time. There were also 

indications of an increased natural mortality rate for adult females 

during ~~is time, while the estimated human harvest of adult males 

more than accounted for ~~e estimated number of adult males in t.~e 

herd. 

A decrease in fall calf/adult female ratios from 1954-72 cannot 

be accounted for solely by increased wolf predation rates. Additional 

factors, which are believed to be related to the quality of the herd 

and range, such as decreased conception rates, increased natal and 

post-natal mortality rates, and decreased natural sur-~ival of calves 

from parturition to fall, are believed to have been operative on the 

herd. 
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Since ~~e decline, the incidence of ca~ibou in the diet of 

wolves in the Nelchina Basin has decreased and c~ibou appear to 

be exhibiting high natural survival rates comparable to the 

" increasing phase of the herd from 1954-62. These observations 

seem to support the hypothesis that the herd would not have declined 

to such low levels except for hunting mortality. 

A comparison of the composition of harvest data with the herd 

composition ~evealed ~~at the estimated sex ratio of ~~e harvest 

and the percentages of males, 3+ females, and yearlings and 

two-year-olds combined in the harvest mandible collections were 

useful in detecting trends in herd composition over an extended 

period of time, given rather liberal ha..~est seasons and bag limits. 

Trends in the percentages of calves and 3+ males in the harvest 

collections we~e not indicative of actual trends in the herd. The 

percentages of calves, yearlings, and two-year-olds in the harvest 

collections were poorly correlated wi~h the initial fall calf 

percentages of these cohorts in the herd. Percentage hunter 

selectivity was found to vary for individual age classes of 3+ males 

in some years, invalidating the use of harvest collections for 

calculating survival rates of adult males in these years. No 

harvest parameter was found ~~at could account for over 30 percent 

of ~~e variability in herd size. 

The need to develop techniques to estimate the accuracy and 

precision of survey data is indica~ed in the analysis of the NCH. 
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Population simulation suggested that the present census tec~~ique 

used by ADF&G often underestimates herd size by 30 to 40 percent 

or more. 

The implications of the above findin;s for ~~e management of 

caribou are discussed in Chapter B. 



CHAPTER 3. AN EXAMINATION OF THE POPULATION DYNAMICS OF 


Rangifer tarandus FOLLOWING INTRODUCTIONS TO TWO ALASKAN ISLANDS 


A. INTRODUCTION 

The introductions of reindeer and caribou to various islands 

in the Aleutian Chain and the Bering Sea have provided ready-made 

situations for studying the population responses of Rangifer tarandus 

in an isolated environment essentially free of natural predators. 

The purpose of this chapter is to examine the population dynamics of 

Rangifer following introductions on St. Matthew Island and Adak 

Island. These two island introductions were chosen because they are 

two of the best documented in Alaska and provide useful insight into 

the reliability of demographic data and modeling output. In addition, 

the growth of these herds, following introduction, serves to illustrate 

the reproductive potential of Rangifer tarandus and the rate of 

increase the species can obtain in certain environments. 

The locations of the islands are shown in Figure 1. The 

introduction, increase, and subsequent crash of Rangifer on St. Matthew 

Island has been described in detail by Klein (1968). Rangifer 

tarandus were introduced to the island on 20 August 1944 when the 

u.s. Coast Guard released 24 yearling females and 5 yearling males 

that had been obtained from reindeer on Nunivak Island. During the 

subsequent build-up of the herd, the only known harvest on St. Matthew 
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Island, which has been uninhabi~ed by man since 1944, consisted of 

105 animals shot for either sport or scientific purposes from 1957 

to 1963. 

The introduction of caribou to Adak Island was a joint project of 

the National Military Establishment and USFWS (Jones 1966) . Caribou, 

obtained f~om the NCH, were established on Adak Island' ~~rough ~e 

introduction of ten calves (seven females and three males) in 1958 and 

fourteen calves (nine females ~~d five males) in 1959 (Ibid.). One 

animal is believed to have died the winter following each introduction; 

the fi~st newborn calves were produced on the island in 1960 (Ibid.). 

The Adak He~d's population has been censused nearly annually since 

then through the cooperative effo~s of ADF&G, USFWS, and the 

National Military Establishment (Burris and McKnight 1973). Subsequent 

population inc~eases and the initiation of annual h~~ting seasons 

begL~ning in 1964 have been documented by Burris and McKnight (Ibid.), 

as well as various survey and inventory reports of ADF&G. 
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B. 	 MODEUNG THE POPULATION GROt-7TH OF THE ST. MATTHEW ISLAND 

REINDEER HERD (SMIH) FOLLOWING INTRODUCTION 

The following demographic data available on the St. Matthew 

Island Herd are from Klein (1968) and are summarized. 

1) The herd sizes in the summers of 1957 and 1963 were 

estimated at 1,350 and 6,000, respectively, based on complete ground 

surveys of the island in 1957 and complete coverage of the island 

in 1963 with two U.S. Coast Guard helicopters. 

2) The summer calf/2+ female ratios in 1957 were 75/100 and 

60/100 in 1963,based on composition counts of 910 and 1,652 animals, 

respectively. 

3) The summer yearling/2+ female ratios were 45/100 in 1957 

and 26/100 in 1963, based on composition counts of 218 and 705 

animals, respectively. 

4) The sex ratio of 1+ animals found from skeletal remains 

following the nearly complete die-off of the herd from starvation 

during the winter of 1963-64 was 57 males to 100 females (n = 193). 

The sex ratio of skeletal remains was essentially equal for all ages 

until 6 years old when the sex ratio shifted in favor of females. 

5) Remains of 31 and 25 reindeer were found in 1957 and 1963, 

respectively. Animals 5 years old and older predominated, and males 

outnumbered females two to one, although some sampling biases 

between sexes may have existed (Klein 1968, pers. comm.). 
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6) Examination of ovaries collected from female reindeer in 

1963 and 1966 suggested that some, but probably net all, females 

had bred during their first fall. 

Modeling was used to calculate the growth of the herd, given 

certain natural survival and recruitment rates, and to simulate 

sets of recruitment and survival rates necessa.-y for the herd to 

grow in the manner observed. The population model developed for the 

NCH in Chapter 2, with some modifications, was used to model the 

growth of the SMIH. Because t~e fall percentage of calves and herd 

composition on St. Matthew Island were totally unknown in most years, 

t~e fall increment of calves was calculated by multiplying the 

estimated age-specific conception rates times the estimated number of 

females in the various age cohorts times the estimated survival rate 

of calves from parturition to fall. Herd population and composition 

at calving time and at 5 months following calving were calculated in 

the model. Annual survival rates were adjusted to 5 and i mont~ 

intervals. Human-induced mortality and, obviously, wolf predation 

were assumed to be zero: the sex ratio at birth was assumed to be 

50:50. 

Table 15 shows the results of sL~ulations of the population 9rowth 

of the SMIH given various reproductive and survival rates. Figure 11 

illustrates the fall population sizes of some of the simulations over 

time. Run SMil sho\olS the pgpulation growt.'l of the herd using 

natural mor~ality and conception rates estimated for the increasing 



Table 15. Results of simulations of the population growth of ~~e 
St. Matthew Island Reindeer Herd. 1 

Population SMil SMI2 SMI3 SMI4 

INPUT 

1944 Population 

Initial Calvina Rates 
Yearling female 
Two-year-old female 
Three-year-old female 
4+ female 

Aae-Soecific Mortalitv Rates 
Calves (0 to 5 mo) 
Female calves (5 to 17 mo) 
Male calves (5 to 17 mo) 
Female yearlings (17 to 29 mo) 
Male yearlings (17 to 29 mo) 
Female (29 mo +) 
Male (29 mo +) 

OUTPUT 

1957 Fall Population 
1963 Fall Population 

1957 Fall calf/2+ cow 
1957 Fall Yearling/2+ cow 
1957 Fall 2+ Male/2+ cow 

1963 Fall Calf/2+ male 
1963 Fall Yearling/2+ female 
1963 Fall 2+ Male/2+ female 

1963 \ Fall Calves 
1963 \ Fall Yearlings 
1963 \ Fall Two-year-olds 
1963 % Fall 3+ Females 
1963 \ Fall 3+ Males 

29 

0.000 
0.130 
0.610 
0.890 

0.300 
0.140 
0.140 
0.050 
0.050 
0.017 
0.083 

277 
701 

51.8 
38.3 
68.7 

51.8 
38.3 
72.3 

19.8 
14.6 
11.9 
32.2 
21.6 

29 

0.000 
0.130 
0.610 
0.890 

0.300 
0.050 
0.050 
0.040 
0.040 
0.017 
0.050 

338 
931 

51.1 
41.1 
78.7 

51.1 
41.1 
83.8 

18.5 
14.9 
12.1 
30.2 
24.3 

29 

0.130 
0.610 
0.890 
0.890 

0.100 
0.100 
0.050 
0.040 
0.040 
0.017 
0.050 

983 
4,080 

76.6 
59.0 
86.6 

78.6 
59.0 
89.0 

24.1 
18.1 
13.7 
23.8 
20.4 

29 

0.610 
0.890 
0.890 
0.890 

0.170 
0.050 
0.050 
0.040 
0.040 
0.017 
0.260 

1,354 
6,667 

91.9 
66.9 
56.9 

91.9 
66.9 
56.9 

29.1 
21.2 
15.6 
23.9 
10.2 

0.610 
0.890 
0.890 
0.890 

0.200 
0.100 
0.100 
0.040 
0.040 
0.017 
0.240 

1,350 
5,993 

74.9 
45.2 
57.1 

87.6 
61.6 
56.7 

28.6 
20.1 
15.1 
25.1 
11.0 

lsee text for discussion. 

2population s~ulation from 1957 to 1963 only, using 1957 starting 
population and composition (listed ~~der important output values), 
given by Klein (.1968). 
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29 

Table 15. continued 

Population SMI6 SMI7 SMIS 

INPUT 

1944 Population 

Initial Calvina Rates 
Yearling female 
Two-year-old female 
Three-year-old female 
4+ female 

Aae-Soeci!ic Mortalitv Rates 
Calves (0 to 5 mo) 
Female calves (5 to 17 mo) 
Male calves (5 to 17 %!'10) 

Female yearlings (l7 to 29 mo) 
Male yearlings (17 to 29 mo) 
Female (29 mo +) 
Male (29 mo +} 

OUTPUT 

1957 Fall Population 
1963 Fall Population 

1957 Fall calf/2+ cow 
1957 Fall Yearling/2+ cow 
1957 Fall 2+ Male/2+ cow 

1963 Fall calf/2+ male 
1963 Fall Yearling/2+ female 
1963 Fall 2+ Male/2+ female 

1963 % Fall calves 
1963 \ Fall Yearlings 
1963 \ Fall Two-year-o1ds 
1963 \ Fall 3+ Females 
1963 \ Fall 3+ Males 

29 

0.61 
0.89 
0.89 
0.89 

0.20 
0.0,0.100 3 

0.0,0.100 
0.0,0.040 
0.0,0.040 
0.0,0.017 
0.0,0.260 

1,366 
5,955 

87.6 
61.6 
55.9 

87.6 
61.6 
54.9 

28.8 
20.3 
15.2 
25.3 
10.5 

29 

1.00 
1.00 
1.00 
1.00 

0.20 
0.00 
0.00 
0.00 
o.oo 
0.00 
o.oo 

3,791 
28,667 

112.0 
80.0 
98.0 

112.0 
80.0 
99.9 

28.6 
20.4 
14.6 
18.2 
18.2 

1.00 
1.00 
1.00 
l. 00 

0.00 
0.00 
0.00 
o.oo 
o.oo 
o.oo 
0.00 

9,323 
106,389 

150.0 
100.0 

99.1 

150.0 
100.0 

99.9 

33.3 
22.2 
14.8 
14.8 
14.8 

3First set of mortality rates are for t~e period 1944-51; second 
mortality rates are for ~~e period 1951-63. 
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Figure 11. 	 Simulatec population growths of the St. r1atthew 
Island reindeer herd. See text and Table 15 for 
description of input parameters used in simulations. 
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phase of ~~e NCH, with the mortality rates adjusted to produce 

equal sex ratios of yearlings L~d two-year-olds. Run SMI2 

simulates the gro~~ of the herd using the same low natural 

mortality rates used in the 1972-76 computer simulations of the 

NCR, adjusted to produce equal sex ratios of yearlings and 

two-year-olds, together with the conception rates and survival 

rates of calves to 5 months of age used in Run 511!1. Run ~U3 

simulates the growth of the herd using a mortality rate of 0.10 

for calves from parturition to 5 months and assuming conception 

rates of 13 and 61 percent for female calves and yearlings, 

respectively. Run 5MI4 demonstrates a set of conception and 

survival rates that produce a close fit to ~~e observed growth 

of the herd from 1944-57 and subsequent growth of the herd from 

1957-63. Run 5MI5 shows conception and survival rates that produce 

a close fit to ~~e observed population growth of the herd from 

1957-63. ~~other set of conception and survival rates ~~at also 

closely fit the observed population growth of the he:rd is presented 

in Run 51!!6. The theoretical maximum increase of an ungulate 

species producing one young a year per female, with a 50:50 sex 

ratio at birth and mortality rates of 20 and 0 percent for calves 

from birth to 5 mon~~s of age are given in Runs 5M!7 and 5~~8, 

respectively. 

The results of these simulations demonstrate the effect of an 

increased birth rate on the rate of increase of the herd. Even with 
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no hunting mortality or wolf predation, the estimated reproduction 

and survival rates for the Nelchina Herd during its increasing phase 

in 1954-62 fall considerably short of producing the rate of increase 

observed by Klein (1968) for the St. Matthew Island Herd. 

C. 	 REEVALUATING THE COMPOSITION OF THE ST. MATTHEiv ISLAND 

REINDEER HERD 

It is assumed that the population surveys by Klein (1968) in 

1957 and 1963 are reasonably accurate counts of the total population, 

since the entire island was either covered by foot or with heli ­

copters. Accurate population data, along with the fact that the herd 

was isolated and subject to neglible predation, increases the 

validity of using population models to analyze the herd's growth. 

For example, the yearling/2+ female ratios predicted by Runs SMI4 

to SMI6 (Table 15) are considerably higher and probably more 

representative of the herd during its increase than those observed 

by Klein (1968), as the following discussion will indicate. 

The observed rate of increase (r) of a population from time 

zero to time t can be calculated from the following standard 

growth equation: 

rt 
= N e 	 (20)

0 

where 
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N = population SiZE· at time zero, and 
0 

= population size at time t.Nt 

Solving for r yields the following equation: 

(21) 

Using Equation 21, the observed rates of increase calculated for 

t..1.e St. t•!atthew Island Herd in 1944-57 and 1957-.03 are 0.295 and 

0.249, respectively. 

The rate of increase of a population can also be calculated from 

the herd composition and reproduction rate using the following 

equation derived from Buechner (1960); 

r a ln (l - (P f) (y) J (22) 

where 

Pf = proportion of females in the adult population 


(here adult is defL~ed to include all animals 


12 months of age and older) , and 


y = average recr~~nt rate of young per female. 

This equa~ion assumes ~,at no mortality occurs in the population 

o~~er ~1.an that specified in y. 

Three assumptions are necessary to use Equation 22 to calculate 

r •Talues from the population data given by !<lein (1968) . First, the 

2+ male to 2+ female sex ratio of 57:100 found after the die-off held 

for the herd in l9Si ~~d 1963. Second, an equal sex ratio of 

http:1957-.03
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yearlings existed in 1957 and 1963. Third, t~e yearling/2+ female 

ratios found by Klein (1968) in 1957 and 1963 represent y 1Ta1ues as 

defined in Equation 22. The resulting rate of increase values 

calculated from the 1957 and 1963 composition data are 0.241 and 

0.149, respectively, which is below ~~e observed rate of increase 

of the herd from 1944-57 and 1957-63. 

Table 16 illustrates r values calculated from ~quation 22 for 

'Tarious .? ~ and y values. To obtain t..1.e rates of increase observed ... 

from 1944-57 and 1957-63, using the proportion of adult females 

described above and Equation 22, y values of 56.6/100 and 45.8/100 

yearlings/2+ females, respectively, are necessary. If y equalled 

0. 45, Equation 22 predicts P f 1Ta1ues from 1944-57 and 1957-63 of 

0.76 and 0.63, respectively. If y was 0.26, the predicted values 

of P f required to rnatc.'l the observed rates of increase in the SMIH 

frim 1944-57 and 1957-63 are greater than one (1.32 and 1.09, 

respectively). In Runs SMI4 to S~1I6 (Table 15), .the mortality 

rate of 2+ males had to be approxL~ately 14 to 15 times greater 

than the mortality rate of 2+ females in order to produce a 57:100 

sex ratio of 2+ adults. The mortality rates of 2+ adults used in 

those three r~s predict that approximately 8.8 times as many 2+ males 

died than did 2+ females during the period 1955-63. As indicated 

previously, Klein (1968) found only twice as many 2+ males compared 

to 2+ females among the remains of dead ani~als in 1957 and 1963. 

An assumption of the above runs is an equal sex ratio of yearlings. 
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:'able 16. 	 ?.ate of inc.=sase (r) values for 'Tarious .?roportions of 
3.dult females (?.:) 3.nd reproductive rates (y) • 1 

P.:: .... 

y 	 0.4 o.s 0.6 0.7 0.8 

'J.l 	 0.039 0.049 0.058 0.068 0.077 0.086 

' ":' 0.077 	 0.095 0.113 0.131 0.148 0.166 

J .113 	 0.140 0.166 0.191 0.215 0.239 

"' ." . -: 	 0.148 0.182 0.215 0.247 0.278 0.307 

G.S 0.182 0.223 0.262 0.300 0.336 0.372 

0.6 0.215 0.262 0.307 0.351 0.392 0.432 

0.7 0.247 o. 300 0.351 0.399 0.445 0.489 

0.8 0.278 0.336 0.392 0.445 0.495 0.542 

0.9 o. 307 0.372 0.432 0.489 0.542 0.593 

1calculated f.=orn Equation 22, derived from Buechner (1960). 
See text for discussion. 

0.9 
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This assumption has supportive data (!bid.). Finally, it should 

be notad that any mortality occurring on the adult segment from 

time zero to time t requires higher P~ and/or y values to maintai~ 
~ 

~~e same rate of increase calculated by Equation 22. It seems 

unlikely that the lower r values calculated from the composition 

data, compared to the observed r values, are the result of under­

estimating ~~e propo~ion of adult females, given the unequal 

mortality rates for 2+ males and 2+ females necessarJ to obtaL~ the 

observed Pf values. More likely, the yearling/2+ female ratios 

observed by Klein (Ibid.) are not representative of ~~e yearling/2+ 

female ratios found throughout ~~e herd's increase. KleL~'s {!bid.) 

yearling/2+ female ratios may be representative for the years 

observed; however, yearling/2+ females ratios undoubtedly were higher 

both before 1957 and during ~~e time interval from 1957-63, or the 

herd could not have reached the population level it obtained. Runs 

SMI4 to SM!6 (Table 15) predict yearling/100 2+ female ratios ranging 

from 62 to 67 for the mid-1950's to 1963 L~ the St. Matthew Island 

Herd. 

Klein (1968) demonstrated that the growth of the St. Mat~~ew 

Island Herd could be explained by the observed summer percentages of 

calves; as shown above, however, his observed yearling/2+ f3male 

ratios L~dicated a lower grcwth potential. Many authors, such as 

Buechner {1960) and Bergerud (197la), have calculated the rate of 

increase of a herd frcm Equation 22 using a y value based on 
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observed summer or fall ratio of young to adult females. The 

use of this y value is only valid in estimating r if no mortality 

occurs on the young prior to productive age. In northern 

latitudes, where overwinter mortality of calves may be high or in 

environments with substantial predation, the use of accurate 

yearling/adult female ratios in estimating the recruitment rate of 

a herd, is far superior to calf/adult female ratios. 

Discrepancies among the various population data, such as 

estimated sex ratio of yearlings, estimated sex ratio of adults, 

and estimated sex ratios of animals dying prior to the winter of 

1963-64, are revealed here. This serves to illustrate the degree of 

difficulty involved with collecting representative demographic data, 

even on small, isolated herds. These difficulties become considerably 

magnified as herd size and range increases and factors affecting the 

herd's growth (i.e., immigration, predators) become more complex. 

D. 	 EXAMINING THE RATE OF INCREASE OF THE ADAK ISLAND 

CARIBOU HERD FOLLOWING INTRODUCTION 

A reasonable assertion is that the high reproductive capability 

of the St. Matthew Island Reindeer Herd is not representative of the 

potential reproductive capabilities of wild caribou populations. 

Domestic reindeer have been selectively bred and, under good range 

conditions, have been known to conceive when calves (Klein 1968, 
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Skuncke 1969). Reimers (1972, pars. cornm.) has found tha~ wile 

reindeer heres i~ Norway also breed as calves when on ranges with 

high forage production, but again su~~ findings may not pertai~ to 

wild North American caribou. The purpose of this section is to 

determine if ~~e age-specific conception rates found for the Nelchina 

Herd at ~~e time of introduction remained constant in the very 

favorable Adak Island environment. 

Population estimates of the here, total har-1est, and 

observations of natural mortality were derived from the following 

sources: Lentfer (1965), Jones (1966), McGowan (1966), Glenn (1967), 

Hemming and Glenn {1968), Mc~~ight {1970, 1971, 1974, 1975, 1976), 

Pegau and Hemming (1972) , Burris and McKnight (1973) , and G. 3os 

(pars. comm.). The annual rate of increase of the herd was 

calculated from Equation 21. Suman ha-~est and observed natural 

mortali~J from year zero to year t were added to N. in Equation 21 ... 

so that r represents the rate of increase of the herd wi~~ no 

mortality, except ~~detected natural mortality. Figure 12 

illustrates the r values calculated for the rlXH from 1959-75. Some 

of ~~e higher and lower values shown in Figure 12 may result fr=m 

missing a portion of ~~e herd in certain years in the aerial 

censuses. The censuses were probably quite accurate thought and 

repeated surveys of ~"le herd curing the same years have agreed 

closely. Because unobserved natural mortality of some animals 

~~doubtedly occurred, the r values shown in Figure 12 are considered 

minimum values. 
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Figure 12. 	 Estimated yearly exponential rates of 
increase of the Adak Island Caribou Herd 
from 1959-75 assuming no obserred mortality. 
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The sex ~atio of caribou killed by hunters and dying of 

natural causes L~ the AIR is approximately 50:50. AssumL1g an equal 

sex ratio at bi~~~ ~~is mortality ratio suggests approximately·a 

50:50 sex ratio in the adult breeding population. From Figure 12, 

it can be seen that average minimum rate of increase of ~~e A!H 

since 1964 has exceeded 0.34. If ~~e proportion of fe~les in the 

adult population {P~) equals 0.50, ~~en y {~,e ratio of young 
.... 

surviving to adult age per adult female} must equal 0. 7 for r to 

equal 0.3 and 0.9 for r to equal 0.372 {Table 16). Because the 

age-structure of ~~e harvest is unknown I the female age struc:t.ure of 

the population is difficult to estimate. The yearly increases of 

the population prior to the fall hunting season (estimated from ~~e 

population after ~~e hunting season and the ~1own mortality) suggests 

~~e average summer percentage of calves from 1961-74 was 27.6 

(S = 6.7) wi~~ a range from 16.3 to 40.2. Using the female 

composition in ~~e fall of 1963 generated L~ Run SK!S (Table 15) to 

represen~ the female age str~cture of a rapidly e~anding Rang~f8r 

herd, ~,e average number of young per female (y in Equation 22) I 

given t..~e rates of conception cbserJ>ed by Skoog (1968) fer the ~leE, 

would equal only 0.496, ev~~ if all calves born su..~ived to repro­

ducti•te age. !f P f equals 0. 5 or 0. 6, a y value of 0. 496 would 

produce an r considerably below that obserred in most years in the 

A!H (Table 16 I Figure 12). !1oreover, if hunters en .;dak. are more 

selective for older females ~,an for calf, yearling, and two-year-old 
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fe~~les, as was ~~e case in ~~e NOi, t~e propo~ion of younger 

females in the female segment of ~~e herd would be higher than 

that generated in Run SMIS. All the above suggests that ~~e 

conception rates of younger females are substantially higher on 

Akak Island than have been found in the NCH; given ~~e rata of 

increase observed for the herd (Figure 12), ~~e conception rates 

are probably as high or possibly higher ~~an those found on 

St. Matthew Island. 

Limited autopsy data from caribou killed by hunters on ddak 

Island has supported this idea of higher conception rates. One 

lactating 15-mon~~-old female was shot in 1966 and most yearling 

females are suspected of breeding based on an unspecified number 

of 2+ females examined (Glenn 1967) . L~~e the St. Matthew Island 

reindeer examined by Klein (1968), the Adak caribou ha•te shown 

increased body weights compared to their "parent" herd, and an 

adult bull with an estL~ted live weight of 318 kilograms was 

killed in 1968 (Bur::is and ~!c...T.C•light 1973). 
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E. SUMMARY 

Studies of the population dynamics of Rangifer tarandus 

following introductions to Alaskan islands are extremely valuable 

in demonstrating the increased reproductive capability of the 

s:r::ecies in a "favorable" environment. The rates of increase shown 

by the AIH strongly indicates that the age-specific conception rates 

of Rangifer tarandus granti are not genetically rigid, but, like 

domestic reindeer or wild reindeer in Norway, are strongly molded 

by the environment. The increased reproductive rates shown in some 

Rangifer herds results from higher proportions of the younger age 

classes of females successfully breeding; the rates of increase of 

the AIH suggests that over 90 percent of all females, including 

calves, may have bred in some years. Caughley and Birch (1971) have 

suggested that the population response of newly established populations 

is the best method of approximating the intrinsic rate of increase (r )
m 

of the population, an extremely valuable statistic for determining the 

"cropping rate" most likely to maintain a stable population at a 

reduced density. Klein's (1968) study on St. Matthew's Island and 

the work by ADF&G and others on Adak Island are useful in estimating 

r for Rangifer in certain environments. As stressed by Caughley and 
m 

Birch (1971), r is not species-specific, but pertains only to the 
m 

particular environment in which it was measured. Unfortunately, only 

very limited data is available on the reproductive potential, 
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especially age-specific conception ra~es, of most mainlanc Alaskan 

car~ou herds over extended periods of time. 



CHAPTER 4. EVALUATION OF THE 1976 NESTERN ARCTIC HERD 


POPULATION AND COMPOSITION SURVEYS 


A. INTRODUCTION 


Data analysis and modeling in the previous two chapters indicated 

that accurate and precise estimates of herd size are of paramount 

importance to understanding the population dynamics of the herd. 

The purpose of this chapter is to critically evaluate the 1976 

Western Arctic Herd population and composition estimate. It should 

be noted that the 1976 surveys were conducted during a time of wide 

speculation concerning the status and welfare of what had formerly 

been North America's largest caribou herd. 

B. BRIEF DESCRIPTION OF THE HERD' S Rfu~GE 

The WAH occupies a range of approximately 362,700 km2 in the 

extreme northwestern portion of Alaska (Hemming 1971). The bulk of 

the herd's range is contained in Game Management Units (GMU) 23 

{119,430 km2), 24 (72,383 km2), and 26A (125,225 km2), with the 

remainder of.the range occupying portions of GMU 21, 22, 25, and 

26B (Figure 13) (size of GMU from Stephenson 1976). GMU 26A and 

26B comprise the portion of the WAH's range that is drained by 

river systems flowing northward into the Arctic Ocean. These areas 

contain the traditional calving grounds and summer range of the herd. 
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Figure 13. 	 A9proximate locations of i~portant 1976 calving 
concentrations and movements, villages, game 
management units, and study areas in the 
Western Arctic Herd's range. 
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South of the Brooks Range lies important wintering areas of the 


WAH, largely drained by three major rivers: the Noatak, the Kobuk, 


and the Koyukuk. Major plant communities and physiographic provinces 


in the WAH's range have been described by Spetzman (1959), Lent (1966b), 


and Young (1974). Lent (1966b) discusses the significance of these 


communities to the seasonal movements of the caribou. 


C. DESCRIPTION OF CENSUS TECHNIQUES 

Ceribou herds have traditionally been censused using aerial 

strip transects or random plots of wintering or calving grounds 

(Bergerud 1963; Siniff and Skoog 1964; Parker 1972, 1975), as well 

as total counts of calving and post-calving aggregations. The 

tendency of a major portion of the adult females to concentrate, 

along with varying proportions of the remainder of the herd, on 

traditional calving and post-calving areas (Lent 1966b, Kelsall 

1968, Skoog 1968, Parker 1972) has lead to the development of a 

censusing technique referred to as a direct aerial-count extrapolation 

census. This technique was originally developed by ADF&G personnel 

during the mid-1960's on the NCH (Hemming and Glenn 1968) and has 

since been widely used for inventorying caribou herds throughout 

Alaska, including the WAH in 1970 (Pegau and Hemming 1972) , 1975 

(Davis et al. 1976) , and 1976. 
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The census tscr~ique requires ~~:ee separate counts to deter.mL~e 

population size: 

l) 	 A complete coun~, either oc~lar or with aerial 

photography, of all animals older ~~an calves 

in the post-calvL~g aggregation; 

2) 	 A ground-based composition count of these same 

animals to determine the proportion of adult 

females ; and 

3) 	 A representative fall composition count of ~~e 

entire herd during ~,e rut to determine ~,e 

proportion of various age and sex cohorts. 

The estimate of ~,e fall population is derived from the 

following equation: 

FP N X s X (l + R) 	 (23) 
a f 

where 

FP = estimated tall population; 

Na = number of animals in the post-calvL,g aggregation; 

2f = proportion of adult females in pest-calving 

aggregation; 

• survival of adult females from ~,e time of the 

post-calving counts until the fall; ~,d 

R 	 = ratio of caribou other than adult females to adult 

females in the fall. 
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Adult females have either been classi£ieci as females 12 mon~~s 

and older (Bos 197:3, 1974b) or 24 :nonths and older {?egau and 

Hemming 1972). 

Four basic assumptions have generally been made in estimating 

fall populations. The assumptions are: 

l) Most or all o£ the adult females in the herd are 

counted in t.~e post-cal,,ing census ; 

2) Mortality of adult females from post-calving to 

fall is zero; 

3) The adult females are randomly distributed throughout 

the post-calving aggregations; and 

4) The age and sex cohorts are randomly distributed 

throughout the herd during the fall. 

Assumptions three and four have been necessitated by t.~e 

classification methods employed. Animals have not been randomly 

selected for classification. Often only one portion of t.~e herd 

has been classified or, if more t.~an one group has been classified, 

the variance among t.~e groups has not been analyzed and t.~e data 

lumped without regard to group size. Because it is generally 

recognized t.~at some adult females in the herd are missing in t.~e 

census of the post-calving aggregations, the final estimate is 

usually considered a minimum estimate of the number of animals in 

the herd. One may obtain an estimate of t.~e post-calving population, 

and avoid assumption two, by assuming no differential rnortalit7 
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be~Neen adult females and other caribou older than calves from 

post-calving until fall. The post-calving estimate is then 

derived from the following equation: 

(24) 

•N'here 

PP = estimated post-calving population: 

R1 = post-calving ratio of calves to adult females; 

• fall ratio of animals older than calves minus adultR2 


females to adult females; and 


.. defined as in Equation 23 . 


l. DESCRIPTION OF 1976 SURVEY EFFORT 

During June and July 1976, approximately 400 hours and 

66,600 air kilometers were flown in the N"AH' s .::::ange by ADF&G 

personnel and ''arious coope.::::ators (J. Davis, pers. comm. ) . The 

herd's distribution, movements, and calving chronology were 

dete~,ed from ~~ese aerial surveys. I collected data on the 

chronology of calving, ~~e herd's movements, and the composition 

of peripheral calving groups by ground observations in the vicinity 

of Noluck Lake (68°4i'N x l60°00'W) from 31 May to ll June and in 

the vicinity of Drift·..rood Cre1ek (68°54'N x l6PlO'N) from 11 to 27 

June. 
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The population size of the post-calving aggregation was 

determined f~cm ocular counts during in~ensive aerial surveys 

from 25 to 27 June by ADF&G. A follow-up photo census was perfo~ed 

during 17 to 18 July. Portions of the herd's range adjacent to the 

areas photographed were flown to locate additional animals at that 

time. 

A Bell Jet Ranger 2068 helicopter, provided by ADF&G, 

transported observers to the sites of the composition co~~ts during 

post-calving and in the fall. Composition counts were made from the 

ground, using a variable spotting scope (l5-60x) and a hand counter 

to tabulate ~~e results. Animals were separated into calves, yearlings, 

2+ females, and 2+ males. The presence or absence of the dark vulva 

patch was generally used to distinguish the adult sexes, although 

large antlers of mature males or distended udders of adult females 

were also used. Yearlings were usually separated from 2+ adults on 

the basis of their smaller body size and relatively shorter muzzle. 

Other ~~aracteristics that were used to distinguish the sex and age 

cohorts have been described.previously by Skoog (1956, 1968), 

Ber;er~d (1961, 1964b), L~nt (1965), and Parker (1972). 

I assisted in composition counts of pos~-calving aggregations 

from 27 J~~e to 2 July ~~d composition counts of fall groups from 

16 to 18 October. Reconnaissance flights by ADF&G personnel 

recorded caribou movements, numbers, and distribution during the 

fall and winter of 1976-77 (J. Davis, ~np. ADF&G Data). 
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The population and composition data were evaluated using 

standard statistical procedures, some of which are given L, 

Appendix c. 

2. EVALUATION OF THE 1976 POST-CALVING CO~~ 

The 1976 calving and post-calving movements followed 

traditional patterns described by Lent (l966b). The first calf 

was obserred at Nolu~~ Lake on 5 June and was estimated to be one 

day old based on descriptions by Lent (l966a). The majority of 

calving is believed to have occurred between then and 15 June 

(J. Cavis, pers. comm.). rollowL,g calving the cow-calf segment 

of ~~e herd began moving westward, reaching ~~e headwater regions 

of the Pitmegea and !pewik Rivers by 26 June (~igure 13). 

Error may have arisen in the occular post-calving census taken 

during ~~is westward movement because (l) large groups were estimated 

rather ~~an counted, (2) cow-calf groups may have been missed in the 

areas surveyed, and (3) 2+ adult females may have occurred outside 

the area surveyed. 

Watson and Scott (1956) felt that observers missed approximately 

20 percent of the caribou counted during ~~e winter aerial censuses 

in the NCH, with ~~e error of estimation increasing wi~~ group size. 

Bergerud (1963) similarly estimated that an average of 20 percent of 

~~e caribou were overlooked during winter surreys in Labrador ~,d 
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Newfoundland, w:i.tb. extre!lle values rangL"lg f.=om 10 to 40 percent. 

Controlled ~~eriments have indicated ~~at substantial portions 

of ungulates are missed in aerial surveys (LeResche and Rausch 

1974, Caughley 1974, Caughley et al. 1976). The percentage missed 

is influenced oy a host of factors such as topography of ~~e terrain, 

lighting conditions, ~~e type of aircraft used, the experience of ~~e 

obse..~ers, snow conditions, and the group size of the animals. 

Parker (1972) estimated overlookL"lg 20 percent of the caribou in 

a population survey in early summer on open tundra ·N.i~~ approximately 

30 percent snow cover. Parker's study most closely approaches the 

viewing conditions of the 1976 post-calving counts except ~~at the 

area surveyed in this study was virtually snow-free. 

The number of adult females ~~at occurred outside the area 

surveyed is L~ossible to estimate, using the present census technique. 

Fixed-wing composition counts of 472 caribou sou~~ of the Delong 

Mountains on 11 June revealed :2 (.0. 4 percent) ne.,.Tborn calves, 

2 (0.4 percent} adult females, 50 (10.6 percent) 2+ males, 180 (38.1 

percent) yearlings, and 238 (30.4 percent) unclassified cari.::ou older 

~~an cal·,;es, most of 'N'hich ~"ere yearlings and adult males CJ. Davis, 

Onp. AOF&G Data). Caribou calving over 300 km from ~~e traditional 

calving grounds in the t-IAE has been documented by Lent (1966b) , 

McGowan (1966) , and Glenn (1967} • It is possible that such groups 

were missed in the 1976 census. 

~odeling the N'CH (1972-i6) suggests that ~~e cens1:s tec!-.nique 

substantially underestL~tes ~~e size of the herd i~ most years 
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(pp. 122-126). To simulate various probabilities of missing 

adult females, t.."lree different estimates of the mean and variance 

of the number of caribou in t.."le 1976 post-calving aggregations are 

hy:pot."lesi.zed. The "most probable minimum" is assumed to be 29,000 

animals older t.."lan calves. This 29,000 is hypot.~esized to represent 

60, 80, and 90 :percent of three respective ••most probably maximum" 

number of caribou older t.."lan calves. The hypothesized means are 

assumed to be halfway bet•,.een 29,000 and the "most probable maxi:nums," 

and the hypot.."lesi.zed variances of the means are assumed to be one-four+--h 

the square of t.."le differences between the "most probable maximums" 

and 29,000. The three respective means and variances attempt to si.lttu­

late relatively low, moderate, and high probabilities of missing adult 

females and are used in estimating the population variance in 

subsequent sections. 

3. POST-C:~.INn~G COM!?CS!T!ON COu"NTS 

The 1976 post-calving composition counts are given in Table 17. 

A 6 x 2 x2 contingency table revealed highly significant differences 

in t.."le percentages of 2+ females of animals older than calves among 

t.."le six post-calving groups classified <x2 • 95.80, df = 5, P < 0.005). 

This clearly violates assumption three of Equations 23 and 24, and 

points out the necessity of randomizing the composition sareple. 

Furthermore, since the composition of t.."le post-calving aggregation is 
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in a state of flux, due to yearlings and adult males entarL,g ~~e 

aggregation, it is essential to conduct the composition counts at 

the same time as the aerial census of ~~e post-calving grounds and 

to ensure than all animals counted in the post-calving census have 

an equal probability of being classified in the composition counts. 

The photo-census estimate of approximately 61,000, including calves, 

in July could not be used to estimate ~~e population using Equations 

23 and 24 since no composition data were obtained due to limited 

access (J. Davis, pers. comm.). 

Randomization of the composition sample was ignored in this 

census and only ~~e larger groups of animals counted on the post­

calving grounds. Composition counts of peripheral groups on the 

calving grounds from 31 May to 26 June indicate a high portion of 

yearlings and barren females (ACvRU Unp. Data). If these smaller 

groups had not completely mingled with the main calv~,g segment of 

the herd at ~~e time of the post-calving composition counts, the 

percentage of adult females estimated from ~~e post-calving compo­

sition counts (Table 17) may be biased. Additional problems ~~at 

arose in ~~e post-calving composition counts are that only a small 

portion of each group of caribou were classified in ~~e composition 

counts and the aerial reconnaissance was not sufficient to ensure 

~~at ground observers did not sample some of the same animals at the 

three different locations (Table 17). By assuming equal sampling 

intensity among all groups with no replicate sampling, an estimate 
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of ~~e percentage of adult females of animals older than calves 

~~ the post-calving aggregation is generated, togetber wi~~ an 

estimate of the variance, using formulas given in Appendix c. The 

results are shown in Table 22. 

4. FALL COMPOSITION COUNTS 

Problems associated wi~~ conducting composition counts at 

post-calving are pertinent to the fall composition counts. In 

addition, two other serious problems arise. The ani."tlals are 

dispersed over a considerably larger area in the fall, and yearling 

females are more difficult to distinguish from 2+ females since the 

yearlings are approaching adult size. In 1976, fall composition 

counts were obtained from two distinct concentrations of caribou 

(Tables 18 and 19). Nor-....h of the Nahtuk Mountains, the caribou 

were localized in groups ranging in size from several animals to 

over 200 and appeared relatively stationar-J. All groups encountered 

with the helicopter were censused and complete composition counts 

were obtained from all but the largest groups in which only a 

relatively small proportion of ~~e animals were missed. Animals 

classified along the Kobuk River were migrating enmass in a sou~~ 

to southwesterly direction. "Group size" here '"as simply the number 

of caribou classified movi.,g past two observers on the ground at one 

location for apprOXL"tlately 2 to 4 hours. In two locations the two 
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Table 18. 	 16 October 1976, Nestern Arctic Herd fall composition 
ccunts 1 from north of ~ah~uk Mountain.2 

Calves Yearlings 2+ Females 2+ Males Total 

64 19 


34 16 


27 6 


16 4 


ll 3 


4 2 


11 3 


17 15 


23 12 


18 7 


225 87 


108 


43 


81 


24 


21 


24 


36 


26 


38 


30 


431 


47 


47 


56 


6 


8 


22 


18 


24 


29 


16 


273 


238 3 


140 3 


1703 


50 


43 


52 


68 


824 


1025 


716 


1,016 


1J. Davis, observer; J. Doerr, recorder. 

2Area of counts '"as from 67"35 'N to 68"08 ·~ and from 152°05 ·~q to 
153°20'W (Figure 13). 

3Tota1 does not equal group size since a few animals were not 
classified in these groups. 

4Composed of 13 groups classified •...rith ':en or less caribou. 
5composed of 7 groups classified '117i ':h ll-20 caribou. 
5composed of 2 groups classified •...rith 21-40 caribou. 
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obserrers classified ~~e s~e an~als; the results of these 

=ounts ·,o~ere averaged and treated as one count. 

A 2 x 4 x2 conti!'lgency table revealed significant 

Cifferences L~ ~~e composition counts be~Neen the Kobuk River and 

the Nahtuk Mountain caribou concentrations (x2 = 16.81, df = 3, 

P < 0.005). Significant differences in the composition of groups 

with 40 or less caribou compared with groups of over 40 caribou 

from the Nahtuk Mountain concentration also exist Cx2 = 10.67, 

df = 3, P < 0.05). On the basis of ~~e above, the fall composition 

counts were initially divided into three strata: (l) caribou from 

~~e Kobuk River, (2) caribou from near Nahtuk Mountain in group 

sizes greater ~~an 40, and {3) caribou from near Nahtuk Mountain in 

group sizes of 40 or less. Hereafter, these strata are referred to 

as Stratum l, Stratum 2, and Stratum 3, respectively. 

Chi-squared contingen~f tests reveal significant differences 

among ~~e sex and age groups in Stratum 1 <x2 = 85.72, df = 12, 

P < 0.005) and Stratum 2 (X2 = 49.84, df = 18, P < 0.005). This 

demonstrates that ~~e sex and age str~~ure of ~~e herd in the 

fall is not randomly mingled as has been assumed in many past 

studies. Furthermore, comparison of counts taken by obserrers in 

Stratum l reflect significant differences between the sex and age 

counts made by different observers on the same migrating portion of 

~~e herd (Table 20). w~ether this significant difference is due 

to classification error among observers or actual segregation within 
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Table 20. 	 Comparison of composition of caribou from the same group 
classified by different obserJers. 

Degree of OVerlap Greatest 
in Animals Total Dif!erence 

plObsezvers Classiiied 	 Classified in Percentages2 

RS/Fll't none n.s. 3 324 


JLD/HR none 0.100 919 2+ Females (10.0) 


JLD/.JGD none o.oos 3,487 2+ Males ( 4.8) 


RS/.JGD 80+% n.s. 279 


RS/.JGD none 0.100 183 2+ Males (10.6) 


RS/.JGD ca. l.S-20\ 0.005 959 Yearlings ( 7 .1) 


12x4 contingency table used to test for differences in composition of 
caribou classified by two observers. Composition of caribou divided 
into cal•:es 1 yearlings 1 2+ !nales 1 and 2+ females. P::-obability that 
differences are due to chance is given. 

2Age and sex g::::-oup with the greatest absolute difference between 
~~e composition counts of the ~NO observers. Absolute difference 
between observers for ~~is age and sex group shown in paren~~eses. 

3Not significant at 0.10 level. 
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assccia~ed bands of caribou is uncertain; however, t~e results are 

instrumental in demonst=ating t..~at t~e ':vAH fall ::omposition data 

cannot be treated as a simple random sample (assuming a binomial 

dist::i.bution to calC".llate variance) . Instead variances of t.."le 

various cohort/2+ female ratios •.vere calculated for each stratum 

using standard ratio formulas (Appendix C), and t.."le results are 

given in Table 21. 

Since t~e age-sex cohorts are not randomly distributed in the 

fall and differences in composition occur among different concen­

trations of caribou, it is essential to obta~, accurate population 

estimates of ea~~ major concentration of animals, as well as repre­

sentative composition counts, in order to accurately estimate the fall 

herd composition. Reconnaissance flights do no~ generally provide 

ve~J accurate or precise estimates of herd size. In 1976, the 

largest wintering concent=ation of caribou located north of 70° 

latitude wasn't sampled because t..~e fall reconnaissance flights 

indicated the presence of only a fe•"' thousand caribou in tvidely 

scattered groups (J. Davis, pers. ccmm.). Subsequent aerial su=veys 

in Januar1 1977 revealed ~~e p=esence of an estimated 20,000 to 

35,000 anL~ls (Davis and Reynolds 1977). 

Stratum 1 and Strata 2 and 3 combined had estimated sizes 

of 12,500 and 5,000, respectively (Davis and Reynolds 1977). Both 

these estimates are subject to a wide range of uncertainty. For 

t~e pu..-poses of calculating the •:ariance of fall cornposi tion 
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ratios, t~e range of uncertainty is assumed to be zero: 

conse~~ently, variances listed in Table 21 are probably 

conser;ati''e. 

Given ~~e wide variance of the fall composition ratios 

in ~~e individual strata (Table 21) , no significant differences 

are detected among strata for any of the ratios, except that 

the yearling/Z+ female ratio in Stratum 2 is significantly lower 

~~an ~~e combined yearlL"lg/2+ female ratio in Strata 1 and 3 

(t = 4.06, df = 32,? < 0.01). Formulas used to estimate a total 

herd variance are given in Appendix c and the results are shewn 

in Table 22. 

5 • SURVIVAL :'ROM ?CST-CALVING TO FALL 

Mortality of adult females from post-calving to the fall has 

not been empirically tested, but is believed to be low due to ~~e 

favorable environment at this time of year. Skoog (l96a) estL~ated 

a natural mortali~J rate of 0.02 for adult females from post-calving 

to the fall. This estimate is used in Equation 23 for the 1976 WAH 

census sL"lce there was virtually little h~"lting prior to ~~e fall 

composition counts that year and wolf predation during the summer 

is believed to be ~nor (Stephenson 1976, p. 228). The potential 

variance of the estimated sur'Fival rate is ignored in estimating 

the variance of the population since it is believed to be small. 
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High mortality of acult females prior to the fall could 

substantially affect the fall estimate and ~auld be difficult 

to detect 'N'i th the census tech."lique. 

D. RESULTS OF THE 1976 vlAH ANALYSIS 

Formulas for t.i.e exact variance of products of independent 

variables (Goodman 1960) were used to calculate the variances of 

various population estimates. Confidence intervals of 95 percent 

were estimated, weighing the t values of the variables, using a 

formula given by Steel and Terrie (1960:81). The results are 

shown L"l Table 22. ~~ile the variances are artificial for reasons 

previously mentioned, they ne•rertheless illustrate •N'ide uncertainty 

in the population and composition estimates. The variance of t.i.e 

fall composition data alone produced a 95 percent confidence interral 

in the fall population estimate of approximately !10.6 percent of , 

t.i.e mean. The wide variance in here composition ratios among 

di!!'erent "groups" of caribou creates substantial uncertainty in 

survival rates estimated from the composition cata and ~ay explain 

su_~ival rates calculated from surrey data t~at are apparently 

greater t~an one (Table 22, Appendix B, Bente and ~oseneau 1978). 

The greatest problem with the present census technique is its 

inability to estimate an upper confidence limit for the size of the 

herd. If the post-calving census missed substantial portions of the 
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herd, ~~e 1976 :all population could have been as high as 100,000 

animals or more (Table 22). Obviously, the need to develop more 

ac~~ate and precise estL~ates of herd size and composition is 

evident, in order to improve our understanding of caribou 

population dynamics. 



CHAPTER 5. ESTIMATING THE MAGNITUDE OF THE 


WESTERN ARCTIC CARIBOU HARVESTS (1950-1960) 


A. INTRODUCTION 

The importance of caribou to the lifestyle of people living 

within the Western Arctic Herd's range has been described in detail 

by Rausch (1951) , Sonnenfield (1957) , Giddings (1961) , Foote and 

Williamson (1966), Saario and Kessel (1966), and others. Most 

hunting of caribou occurs within 100 km of villages within the 

herd's range (Foote and Williamson 1966, Saario and Kessel 1966, 

Glenn 1967). Although some hunting occurs during the summer and 

early fall months, especially along river systems, most hunting 

generally takes place during the winter when travel is facilitated 

by ice and snow. Since the late 1960's, the use. of snowmobiles has 

virtually eliminated dogsleds as a source of transportation. 

In many ungulate populations in North America, human harvest 

is an important mortality factor. Consequently the collection of 

harvest data is valuable since, together with population size, it 

yields an estimate of the hunting mortality rate. The purpose of 

this chapter is to summarize and evaluate data available on the 

magnitude of the WAH harvests from 1950 to 1976. 

174 
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B. MATERIALS AND METHODS 

The magnitude of hunter harvests prior to the fall of 1975 was 

estimated from a review of past literature, especially unpublished 

ADF&G reports. The 1975-76 harvest of the tvAH was determined from 

estimates made by J. L. Davis and other ADF&G game biologists 

working in the area, and from observations made during trips to 

(1) Allakaket, Anaktuvuk Pass, Evansville (Bettles), Hughes, and 

Huslia from 14 to 22 January 1976; (2) Ambler, Evansville, Kiana, 

Kobuk, Kotzebue, Noorvik, Selawik, and Shungnak from 17 to 24 

February 1976; (3) Kotzebue from 19 to 20 March 1976; (4) Kivalina, 

Kotzebue, and Point Hope from 29 March to 2 April 1976; (5) Barrow 

from 8 to 11 April 1976; (6) Anaktuvuk Pass and Evansville from 

5 to 9 October 1976; and (7) Anaktuvuk Pass, Evansville, and Kobuk 

from 15 to 18 October 1976. 

A chance to observe actual hunting practices and to estimate 

wanton waste occurred at a field research camp of the ACWRU, located 

south of the Kiana Hills (66°58'N x 161°08'W). An approximately 

22 km2 area in the vicinity of camp from 20 to 29 March 1976 was 

searched for evidence of hunting kills. Caribou carcasses found 

were examined in the field to determine their probable cause of 

death. tVhether or not the animal had been eviscerated was recorded, 

and loss to scavengers was estimated visually. Remains of caribou 

that died previous to the fall of 1975 were not included in the 
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kills examined. Femurs, mandibles, and incisiform teeth were 

taken from a portion of the carcasses found. The percentage of 

fat in the femur marrow was determined following Neiland (1970). 

Mandible measurements and age-determining of the incisiform teeth 

is described in Chapter 6 (section B. Materials and Methods). 

Actual hunting practices were observed whenever possible and 

surmised from the examination of caribou kill sites. Composition 

counts of caribou wintering in the area were also made. Additional 

notes were contributed by ACWRU personnel working out of the field 

camp on various aspects of caribou ecology and span a period of time 

from early March to early April 1976. 

C. RESULTS AND DISCUSSION 

1. ESTIMATES OF VILLAGE HARVEST 

Both the total harvest and the composition of the harvest in a 

given village is the result of two nebulous factors: (1) the 

availability of caribou, and (2) the needs of the people (including 

both recreational and sustenance needs). These two factors encompass 

such items as the number and composition of caribou in proximity to 

the village, the season of the year and length of time the herd is 

in the vicinity of the village, the population size and economic base 

of the village, and the amount of available alternative food 
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Table 23. 	 Est~tes of total village harvests of Western 
Arctic Caribou Herd (1954-74). 

Year Estimated Harvest 	 Source 

1953-54 15,oool 

1963 20,0002. 

1964 25,0002 

1965 29,0002 

1966 24,0002 

1967 26,0002 

1968 27,ooo2 

1969 <25,000 2 

1970 25,0002 

1971 <25,ooo2 

1972 over 2s,ooo2 

1973 over 2s,ooo2 

1974 <25,ooo2 

early 1970's 22,6533 

'i7oolford 1954 

r..entfer 1965 

Hemminq and Glenn 

!1cGowan 1966 

Glenn 1967 

Fiemm:ing and Glenn 

Hemming and Glenn 

Davis et al. 1976 

Davis et al. 1976 

Davis et al. 1976 

Davis et al. 1976 

Davis et al. 1976 

Davis et al. 1976 

Patterson 1974 and 
Davis et al. 1976 

1968 

1968 

1969 

lEstimate considered low. 

2Estimate by ADF&G personnel based on reported kill in villages, 
interviews 	with hunters, and personal observations. Estimates are 
considered 	conse~Jative and do not account for wounding loss, 
wanton waste, and caribou taken by residents and nonresidents 
outside the villages. 

3Average of several years data. Number reported in the villages 
within the NAH's range. Estimate believed minimum and does not 
account :or wounding loss, wanton waste, and caribou taken by 
residents and nonresidents outside the villages. 
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~=sources, sue~ as salmon, marine mammals, and moose. ~gal 

restraints have not played an important role in regulating ~~e 

magnitude of village harvests. From statehood in 1959 until the 

summer of 1976, there was no closed season or bag limit on caribou 

throughout most of the WAH's range. Restrictions on caribou huntiz1g 

in arctic llaska by t.'"J.e federal government prior to statehood '"ere 

largely ignored (Woolford 1954) . (It should be noted t~at, in 

retrospect, restrictions on subsistence hunting of caribou in t.'"J.e 

WAH in the 1950's were probably biologically unjustified, and the 

population of ~'"J.e herd increased despite widespread violations of 

the regulations.) 

Table 23 SlJlllmarizes ha..~1est estimates of the ~'l'AH from 1954-74 

based on the number of animals reportedly taken in t.'"J.e villages. 

Estimates by Patterson (1974) are comparable with estimates by 

ADF&G personnel. 'l'he estimates given suggest that annual village 

harvests of caribou in the ':vAH increased from t.'"J.e 1950's to the 1960 • s 

and have remained relati1lely constant since 1963. The average 

reponed •1illage har;est since 1963 is approximately 25,000 

~~imals. 'l'he increasing ha..~est of caribou from the 1950's to 

the 1960's is probably the result of both an increasing human 

population in the villages (Alonso and Rust 1976) and greater 

numbers of caribou wintering south of the Brooks Range in the 1960's 

near existing set~lements (Glenn 1967, Skoog 1968, gemming 1971). 

It should also be noted that the per capita har;ests of caribou 
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in ~~e villages have declined since the mid-1960's as ~~e human 

population has steadily increased (Alonzo and Rust 1976). ~NO 

possible factors affecting ~~s decline are the gradual imple­

mentation of a wage-base economy in the village as well as ~~e 

decreased use of dogs since ~~e advent of ~~e snowmachine (Glenn 

1967) . 

~able 24 presents estimated harvests in particular villages. 

Wide variation in ~~e average number of caribou harvested per 

capita is evident both among villages and between different years 

in ~~e same village. The higher per capita use of caribou at 

Anaktuvuk Pass, for example, is largely due to the lack of substantial 

alternative food resources (Rausch 1951). Subsistence needs at 

Anaktuvuk Pass largely depend on cari!::lou (see Rodahl 1963). 

Minimum 'Tillage har;est estil'nates for the winter of 1975-76 are 

sununarized in Table 25. The bulk of the herd that year migrated down 

the western coast and •Nintered in t.b.e lower Kobuk ~!alley and in the 

Selawik Flats (J. Davis, pers. comm.; pers. obs.). Hunters in the 

villages of Kiana, Kivalina, Kotzebue, Noatak, Noor;ix, Point Hope, 

and SelawL~ had heavy harvests. The villages of ~nbler, Kobuk, 

and Sh~~gnak farther up the Kobuk River had modera~e hunting success, 

while few caribou migrated near the villages in ~~e upper KOT~~~ 

drainage. Of all the villages I visited, Barrow undoubtedly had 

the highest village har-Test.. :·test of the harv-est in Barrow resulted 

from fall hunting and was concentrated on a group of at least 5,JOO 
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Table 25. ~st~ted ~~ village harvests of caribou in the 
c: - . .....Weste.r:l Arctic ••ere :r.n ,_ne fall and 'N'inter 1975-76 . 

~sti.mated Ca:i:bou/ 
Villaqe Harvest Person1 Source 

Ambler 8022 4.64 ADF&G Unp. Data 
Shungnak 6762 4.10 ADF&G Onp. Data 
auckland 3693 2.82 Davis 1976 
Kivalina 1,1753 6.25 Davis 1976 
Kiana 1,1443 4.09 Davis 1976 
Noortrik 1,4423 3.12 Davis 1976 
Kotzebue 2,000-3,3004 1.18-l. 95 Davis 1976 
Noatak 1,600-2,1004 5.46-7.17 Davis 1976 
Point Hope 1,7oo4 4.57 Davis 1976 
Kobuk 1405 2.37 Davis 1976 
Selawik 1,200-2,0006 2.80-4.66 pers. obs. 
aa.rrow 3,000-4,0006 1.43-1.90 pers. obs. 
Nuiqsut 300-450 7 ? Davis 1976 
Point Lay 300 7 ? Davis 1976 

7Wainwright aoo 2.33 Davis 1976 
~1eade R.iver (At.~asookl 1007 ? Davis 1976 
An.a.kt'!lV"Ul<: Pass soo8 4.03 Davis, pers. comm. 
Unit 24 3009 0.61 Davis, pers. comm.. 

TOTAL 17,548-21,298 2.45-2.97 

lvillaqe population estimates from Alonso and Rust (1976) using largest 
estimate of 1970 census estimate and 1974 Alaskan native population 
estimate. 

2aased on numbers reported by paid village data collector from Septem­

ber 1975 through April 1976. Estimate considered known ~~imum. 


3aased on numbers repo~ed by paid village data collector from Septem­

ber 1975 t.~ough Janua..-y 1976, plus estimates by J. Davis, ADF&G, 

from February t.~ough April. Estimates considered conservative. 


4Eased on estimates by ADF&G .~ea Biologists, from September 1975 
through Janu~J 1976 and estima~es by J. Davis from February t.~ough 
April 1976. 

5aased on village ceetings in Febr~a:-J 1976, plus estimates by J. Davis 
from February through April. Estimates considered conse~rative. 

6aased on personal observations and personal communication in t~e 
villa<;es and estimates of ''average" harvests for these villages 
from Patterson (1974) .• 

7Number estimated killed from September 1975 through January 1976 by 
Area Biologist, ADF&G. More animals killed since January. 

Saased on numbers reported by paid village data collec~or September 
1975 through December 1975 plus pers. coram. with J. Dav·is. 
Estimate deemed conservative. 

9!ncludes only the village of Evansville (Bettles), Allakaket, Hughes, 
and Huslia. Based on villa<;e meetings in Janua.-y 1976 plus pers. 
comm. ·.vi th J. Davis. Estimate cons idered k.~own rn.inimu::n. 

http:2.45-2.97
http:1.43-1.90
http:2.80-4.66
http:5.46-7.17
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cari~ou t~at win~ered near the town (H. Reynolds, ;ers. comm.: 

J. Cavis, Dnp. ADF&G Data). 

The ha.~est estimate for 1975-76 (Table 25) is considered a 

minim~ estimate of ~~e number of ani~als ~illed by people 

residing wi~~in ~~e herd's range. Patterson (1974) estimated ~~at 

the a•rerage har"rests of caribou L"l villages ::-:.ct included in Table 25 

(i.e., Sl.L.-n, Galena, :<oyu.lt, Sha:-<<::ccli:<J :.:: :.he early 1970's 'Aras 616. 

r.: 'lie assume sao caribou were taken by ::::es :.den~s in these villages 

plus people residing in the "bush" anc 2,000 additional caribou 

were taken in the villages listed in Table 25, the estimated har~est 

for the winter 1975-76 is 20,000 to 23,800, excluding wounding loss, 

wanton waste, and caribou taken by sport hunters residing outside 

the herd's range. 

2. EST.L'1ATES OF HAR\i'ESTS 3'! HUNTERS P.ESIOING OUTSIDE THE HE?..D' S RAI.'l'GE 

The number of cari~ou taken by both residen~ and non-resident 

hunters residing outside the WAH's range is un.~nown because hunters 

were not required to report the number of ani~als they killed. The 

number killed by these hunters is believed to be small. As 11cGowan 

(1966:9) states, "The caribou harvest in the Arctic consists aL."nost 

en'tirely of subsistence hunting." 

In lieu of other data, I would estimate ~~e a:~"lual harrest by 

h~"lters from ou~side the herd's r~"lge has been in the neighborhood 

of 500 to 1,000 animals. 



2.33 

3 • EST!.HATING THE MAGNITUDE OF \vANTON NASTE 

Wastage of caribou resources by native subsistence hunters 

in Arctic North America has been documented by Banfield (1954, 

1957) 1 Sonnenfield (1957) I Kelsall (1968) , Parker (1972) , and ~~Y 

others and has probably played an important role in the decline of 

some herds (Sonnenfield 1957, Kelsall 1968, Parker 1972) . \-lastage 

of caribou in ~~e WAH has, unfortunately, been ?Oorly documented, 

outside of occasional notes taken by biologists and o~~ers working 

in the area. Woolford (1954) mentions a high wounding rate of caribou 

in arctic Alaska and the reluctance of hunters to pursue and dispatch 

wounded animals. Lent (l966b:514) noted: 

Onless the civilian population of the Alaskan 
Arctic increases far beyond its present level 
of approximately 5,000, there should be no 
necessity for placing restrictions upon 
subsistence hunting. However, my own observa­
tions have led me to believe that both educational 
and law enforcement programs may be useful in 
counteracting wasteful hunting practices and 
ensuring a more efficient utilization of the 
caribou population. 

Grau•1ogel and Pegau (1976: 37) ,..,.rite concer.1ing the \vestern A.r:::tic 

Herd: 

There is ample evidence ~~at h~~ting practices have 
been poor and crippling loss is probably a signifi­
cant mortality factor. Also, many an.i;nals that ha•.?e 
been retrieved and cleaned have been left in the 
field to rot. 
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Davis (1976) summa:ized many obse~rations regarding subsistence 

waste in tb.e Wester.l Ar~ic Caribou Herd at a special Alaska State 

Senate Resource Committee Hearing in Juneau, Alaska, on 17 May 1976. 

Davis (1976) classified wastage of caribou resources into'~~e 

following categories: 

1) Crippling loss; 

2) !-ti.stakenly killed caribou (i.e. , bulls during 

and after the rut and calves during ~~e winter) ; 

3) Poor or abnormal caribou killed and not used; 

4) Caribou killed and ?roperly cleaned and cached 

in the field, but not retrieved; 

5) Caribou killed for trap bait; 

6) Wastage of caribou retrieved from the field 

but not ?roperly cared for at home. 

Observations concerning the above include: (1) an unspecified 

number of adult males killed during the 1975 fall migration near 

Ki•ralina and reportedly left on ~~e tundra to "mellow" out by 

spring (pers. ccmm. with Kivalina resident en 30 March 1976); 

(2) an annual wastage of caribou that are shot and not retrieved at 

Noorvik (pers. comm. by a non-nati•re residing in ~"le village at the 

time): (3) a ca. 60-year-old native of Selawik who reported he shot 

and left two ca:ibou out of "less than 35" he had shot that year 

because the animals had swollen joints and soft white abscesses 

("like butte!""), which "stunk" when cut open, in the ?leural 
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cavities and peritoneum: and (4) 12 caribou stacked in one pile 

and reportedly rotting at a residential home in Noorvik in early 

April 1976 (H. Thing, pers. comm.). 

A minimum of 10,000 caribou wintered in the vicinity of the 

Kiana Bills. Composition counts in late ~4rch 1976 by J. Shea and 

myself, revealed 27.7 percent calves (n = 2,121), l3.l'percent 

yearlings (n • 1,149), and 8.0 percent unantlered (n = 746). 

Hunting in the ar!!a was primarily from residents of Kiana, Kotzebue, 

and Noorvik, as determined from conversations '..rith people in those 

villages and hunters in the field. Detailed results of kill sites 

examined and hunting practices observed near the Kiana Hills are 

given in Appendices D and E and summarized in Table 26. 

All kills listed in Table 26 are believed to be the result 

of local hunting. This was s~sed from the arrangement of ~~e 

carcasses, evidence of snow machine tracks and human litter near 

the carcasses, evidence of bullet holes and evisceration of 

~~e animals, and ~~e level of hunting activity ~,own to have 

occurred in the area (Appendices D and E). 

Of 164 kills found, only 76 (46.3 percent) caribou had 

been retrieved from the field and 7 others (4.3 percent) were only 

pa_..;;ially utilized. Saventy-fi•;e percent (n = 80) of t.~e caribou 

left were deemed unsalvageable when last observed. A salvageable 

carcass is defined as one that had been eviscerated after bei~g 

shot and had a maximum estL~ated loss to scavengers of 12.5 percent 
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Tabla 26. Observ'ations of hunting wast:= near the Kiana Hills, 
No~~west Alaska (~975-76) . 

Kills Located 1 Kills Observed2 

Caribou retrieved from field 

Caribou partially used 

Caribou left in the field 

Caribou eviscerated of caribou 
left in the field 

~ over l/8 scavenged of caribou 
left L~ the field 

Salvagea.ble 4 

\ calves of caribou left 

76/164 

7/164 

91/164 

25/ 62 

48/ 80 

20/ 80 

12/ 84 

(46. 3) 3 

( 4.3) 

(49.4) 

(40.3) 

(60. 0) 

(25.0) 

(14.3) 

21/24 

0/24 

3/24 

0/ 3 

0/ 3 

0/ 3 

l/ 3 

(87.5} 

( 0. 0) 

(12.5) 

( 0.0) 

0.0) 

0.0) 

(33.3) 

lAll kills occurred prior to 20 March. 

Zooes not include animals that ~ere wounded and escaped or 
observation number 2 in Appendix E. Kills occurred from 
9 March to 2 April. 

3Number having attribute/total number of observ'ations (\). 

4Salvageable are e•riscerated carcasses with no more than 
12.5 percent loss to scavengers. 
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This definition seems defensible since all caribou that had not been 

eviscerated had begun to putrify by mid-March despite the freezing 

temperatures. Furthe~ore, it seems doubtful that hunters would 

bother to retrieve carcasses that were scavenged due to the 

availability of living caribou and unscavenged, eviscerated carcasses, 

plus the large quantity of caribou meat present in the'villages at 

that time (pers. obs.). 

A few of ~~e carcasses ~~amined may have been wounded animals 

~~at escaped only to die later. However, since nearly all carcasses 

examined were lying adjacent to other carcasses or rumen piles 

(Appendix D), most were the result of animals killed by hunters and 

purposely left in the field. 

It can be argued that the kills located are not representative 

of all kinds since whole piles of carcasses are considerably more 

visible ~~an qut piles which may be buried under many inches of snow. 

While this is true, the kills located are not believed to be as biased 

a sample of ~~e actual hunting practices in the area as it may seem 

for the following reasons: 

1) Most of ~~e kills were located in tundra areas. 

Some of ~~ese areas were windswept and the kills 

were highly visible. 

2) The hunters have a tenden~J to drag all ~~e ~~als 

killed to one place before eviscerating them. ~his 

practice was observed in the field (Appendix E), as 

well as being apparent from the arrangeme~t of the 

carcasses. 
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3) Animals cleaned and retrie•ted from the field >ve.re 

often apparent from the remains of antlers, heads, 

forelegs, hides, and rumen piles. 

4) Single rumen piles 'N"ere occasionally found.. L·wariably 

the rumen piles had tell-tale signs of scavengi~g by 

ravens. 

S) 	 The number of animals ta.Iten from t.1.e field undressed. 

is probably small, although I observed one hunter take 

six caril::lou he had shot from the field, after 

eviscerati~g only five of them (Appendix E) . 

It is very important to realize that t.1.e hunting practices of 

individuals are highly variable, and observations of hunting practices 

(Appendix E) described both instances of good hunting ethics and 

instances of reckless :tilling of animals. t-1uc."l of t.1-].e waste is 

believed to have occurred in association wi~"l caribou killed and 

legitimately utilized; with no daily bag limits, the hunters often 

shot more t."lan t."'ley could haul bac.lc on their sleds and the surplus 

animals were 'N"asted. tJntil the summer of 1976, there 'N"as no legal 

requirement aga.L~st caching animals in t."le :ield. However, since 

approximately 60 percent of the caribou (n = 62) examined in the 

field in March were not eviscerated, it is apparent that hunters had 

no intention of returning for many of the animals "cached.." In 

addition, loss to scavengers was substantial (Table 26). 
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~t~elve of 84 carcasses left i~ the field were calves. This 

percentage was significantly greater than the percentage of calves 

(4.1) found in 362 hunter-killed caribou.in ~~e villages of Kiana 

and Noorvik combined (x 2 = 10.37, df = 1, P < 0.005), and 

L."'ldicates that calves were selectively •t~asted. 

Table 27 shows the percentages of fat in femur marrows from 

a portion of the animals examined. The percentage of fat in femur 

marrows from ani::lals left in ~~e field compare ~rery favorably •t~ith 

early winter percentages of fat in femur marrows from barren-ground 

caribou in Canada (Dauphine 1976), suggesting that many healthy, 

breeding caribou were killed and wasted. 

Time did not pe.rm.i t an opportunity to examine all the 

carcasses in the vicinity of camp. Aerial reconnaissance by ADF&G 

on 6 May 1976, after snowmobile travel was impossible and the 

chances of salvaging additional carcasses was unlikely, revealed a 

minimum of 423 carcasses in a relatively small portion of ~~e total 

hunting area of the villages of Kiana, Kotzebue, and Noorvik 

(Davis 1976). While it is impossible to determine an exact estimate 

of the number of caribou killed and not used by •rillage hunters, the 

data presented above indicates that the number was substantial. 

should be emphasized that the waste documented here was not ~• 

isolated case, but occurred to some degree wherever caribou were 

taken in abundance in ~orthwest Alaska and constitutes an important 

source of human-induced mortality for the ~~ (Davis 1976; pers. 

obs.; J. Davis, pers. cornm.). 

http:caribou.in
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Table 27. 	 Percen~ marrow fat in femurs collected from non-retrieved 
caribou carcasses near the Kiana Hills, Northwest Alaska 
(1975-76). 

Number Age 1 	 Sex ?ercent !1ar:ow Fat 

1 3-9 mo Unknown 81.5 
2 3-9 mo Unknown 81.2 
3 3-9 mo Unknown 74.6 
4 3-9 mo Un.ltnown 70.8 
5 3-9 mo Un.ltnown 58.3 
6 1-l/2 yr Female 71.4 
7 1-1/2 yr Unknown 79.7 
8 3-1/2 yr Female 80.6 
9 3-l/2 yr Female 55.1 

10 4-1/2 yr Female 83.4 
11 4-l/2 yr Female 80.3 
12 6-1/2 yr Female 87.0 
13 6-l/2 yr Female 82.3 
14 6-1/2 yr Female 81.5 
15 4-l/2 to 6-1/2 yr Female 76.4 
16 7-1/2 yr Female 87.8 
17 7-1/2 yr Female 74.3 
18 
19 

8-1/2 yr 
9-l/2 yr 

Female 
Female 

76.3 
76.02 

20 ll-1/2 yr Female 86.3 
21 ll-1/2 yr Female 71.2 
22 12-l/2 yr Female 47.6 
23 2+ Adult Female 74.0 
24 2-1/2 yr Male 77.7 
25 
26 

3 yr 10 mo 
5-1/2 yr 

~1ale 

11ale 
85.4 

45.12 , 48.0 3 
27 2+ Adult 11ale 86.0 
28 2-l/2 yr Unk..'"lown 73.3 
29 3-1/2 yr Unknown 77.7 
30 l+ Adult Unknown 85.0 
31 l+ Adult Un.ltnown 80.5 
32 l+ Adult Unknown 78.6 
33 l+ Adult Unk.'"lown 78.6 

1All animals were killed between September 1975 and 20 March 1976. 
Most animals are believed to have been killed between January 
and March 1976. 

2Femur ma:::ow from epiphysial end of fem'.lr. 

3 ~::::-ow ta.'<en from humerus. 
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4. WOUNDING LOSS 

The gregarious nature of caribou probably subject them to a 

relatively high wounding loss since wounded animals may mingle with 

larger bands of animals and be lost to the hunter. From the 

observations of hunting in Appendices D and E, it is obvious that 

the hunting practices of many local people were extremely poor and 

wounding loss was probably high. Kelsall (1968) has suggested that 

20 percent of the estimated or known kill be considered a conservative 

crippling loss for native people hunting caribou in the barren-g~ounds 

of Canada. This percentage is probably also a conservative estimate 

for the WAH. 

D. CONCLUSIONS 

Undoubtedly both wounding loss and wanton waste were a 

significant hunting mortality factor to caribou, although they vary 

greatly among villages and among years in the same villages in the 

WAH. There is some speculation that the use of snow machines 

increased the wastage of caribou, but documentation of waste prior 

to 1975-76 is too sparse to validate this assumption. The exact 

hunting mortality is impossible to estimate due to the lack of 

data. However, if we assume only 60 percent of the animals killed 

directly by hunters were retrieved, and 20 percent of the animals 
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killed directly by hunters re9resents the number of animals that 

escaped and later died as a result of being wounded, the human­

induced mortality in ~~e Western Arctic Herd L~ the winter of 

1975-76 could have been as high as 40,000 animals or more. 



CHAPTER 6. ESTIMATING THE COMPOSITION AND AGE STRUCTURE 


OF THE WESTERN ARCTIC CARIBOU HERD HARVESTS (1950-1976) 


A. INTRODUCTION 

The importance of the composition of human harvests of caribou 

in modeling the population dynamics of the herd was discussed 

previously (Chapter 2, p. 29). The purpose of this chapter is to 

summarize and evaluate the data available on the composition and 

age structure of human harvests of caribou in the WAH from the 1950's 

to 1976. 

B. MATERIALS AND METHODS 

Two collections of animals killed by hunters were age-determined 

through a cooperative study between ADF&G and the ACWRU. One 

collection consisted of mandibles from caribou killed by hunters 

from the villages of Anaktuvuk Pass, Kivalina, Point Hope, and Noatak 

from 1959-61. A second collection, consisting of incisiform teeth 

from WAH caribou killed by hunters in the fall and winter of 1975-76, 

was collected from January through April 1976, during trips to the 

villages described previously in Chapter 5 (p. 175). J. Davis, 

ADF&G, also collected caribou teeth from Ambler and Kiana; teeth 

collected in the Kiana Hills (pp. 175-176) were included in the 

1975-76 collection. 

193 
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Calves and yearlings f=om ~~e 1959-61 collection and =al~res 

from the 1975-76 collection were age-determined by er~ption and 

wear methods (Skoog 1968, ~~ller 1972). The 1959-61 and 1975-76 

collections of 2+ and l+ animals, respectively, were age-determined 

by counting cementum annuli. The aging technique, described in 

detail by Davis (1978) , is similar to one used by Miller (1974) for 

barren-ground caribou in Canada. Slides of stained cementum 

annuli were prepared and then read by at least two readers. 

Difficulties in age-determining ~~e slides is described by Doerr 

(in prep.). Based on a comparison of ages assigned by two readers, 

Doerr (Ibid.) concluded ~~at 80 percent or more of the ages assigned 

to ~~e slides were wi~~in 1 year of ~~e correct age of the animal. 

Measurements of diastema leng~~s and mandible ·lengths were 

recorded for the 1959-61 collection and ~~e faw mandibles obtained 

while collecting incisiform teeth in 1975-76. Diastema length was 

measured as the distance between ~~e alveolus of the canine and the 

first premolar (P2). Mandible length was measured as the distance 

between ~~e posterior rim of the angle of ~~e ramus and the anterior 

end of ~~e process lateral to the canine alveolus, rather than ~~e 

customary way described by Bergerud (l964a) , due to the fact that 

the anterior portion of alveoli of the incisiform teeth of ~~e 

1959-61 collection were often severely eroded due to shipping and 

prolonged storage. Measurements were made to the nearest ~illioeter 

and were not recorded if damage to the specimen prevented ~aking a 



195 

proper measurement. Seven millimeters were added to the 

mandible lengths recorded to make them comparable to the 

mandible length measurements described by Bergerud (1964a) and 

used by Skoog (1968). A large percentage of the specimens in 

both collections were of unknown sex. An attempt to determine 

the sex of these animals on the basis of their mandible and 

diastema lengths was unsuccessful (Doerr, in prep.). 

The composition of the WAH harvests was evaluated using 

the 1959-61 collection and the 1975-76 collection, together with 

other collections of WAH caribou killed by hunters and age-

determined using the wear-age technique (Skoog 1968, Hiller 1972). 

Analysis of trends in the harvest follows the methods used in 

Chapter 2 (p. 34-38). 

C. 	 RESULTS AND DISCUSSION 

l. 	 SEX RATIO OF CARIBOU KILLED BY HUNTERS IN THE 
WESTERN ARCTIC HERD 

a. 	 2+ Adults 

Saario and Kessel (1966:990) have summarized the selectivity 

of caribou hunters at Kivalina as follows: 

During approximately the first two-thirds of October, 
hunters concentrated their attention on the biggest 
bulls. The bulls are fat at this time of the year, and, 
by shooting a big bull, hunters can get more meat per 
shot than with a cow or calf. As the rutting season 
begins, the meat of the bulls has a strong and offensive 
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odor and taste; so ~~e hunters seek the cows. 
wnen ~~e rutting season is over, about the middle 
of December, ~~e hunters begin to hunt both bulls 
and cows wi~~ more or less equal emphasis. 

Table 28 summarizes data on the sex ratio of 2+ adults in 

WAH harvests. No significant difference was found in the percentage 

of females taken during the months of November and December compared 

to ~~e months of January to June when data from all years were 

combined (X 4 = 0.788, df = l, P < 0.50). The percentage of females 

L~ ~~e ha-~est during the months of August to October was 

significantly lower ~~an the percentage of females in the harvest 

during the mon~~s from November to June Cx 4 • 418.1, df • l, 

P < 0.005). These findings are similar to Saario and ~essel's 

(1966), except that a shift back to the harvesting of adult males 

after mid-December was not detected. !t is interesting to note 

~~at Parker (1972) documented the opposite trend in the sex 

ratio of caribou killed by native hunters in the Kaminuriak 

population. Hunters ~~ere took greater proportions of females 

from August to October and more males from Januarf through 

April. The hunting prac~ces in the i~ tend to concentrate 

on the animals with ~~e highest relative amounts of fat 

(adult males in the fall, adult females in the winter). The 

chronology of the har;est is valuable in predicting the sex ratio 

of harvests. Approximately 70 percent of the village harvests in 
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1975-76 occurred after October (Davis et al. 1976, Table 25). Using 

~~e following equation, ~~e percent of females in the harTest can be 

estimated: 

.. (25) 

where 

Pf • percentage of females in the total yearly harvests 

(fall to spring); 

Pf and P~ • percentages of females in ~~e harvests from 
1 -2 

Auqust ~~rough October and November through 

June, respectively, derived from Table 28; and 

a1 and Hz • proportion of ~"l.e total harTest in ~"lose ti.'ne 

periods, respectively. 

The estimate for ~~e 1975-76 harvest is 39 males:6l females, 

approximately the same as ~~e mean sex ratio estimated for 2+ adults 

in the 1976 fall composition counts (Table 22). 

b. Calves 

Table 29 shows ~"le percentage of male calves killed by hunters 

in the WAH based on data from various studies. Like collections of 

hunter-killed animals from the NCR (pp. 119-121), wide yearly 

differences in the sex ratio of calves are apparent. A particularly 

striking example is the 1959-61 Cape Thompson collection (Table 29) . 

That such a sex ratio for calves in 1959-61 was not representative 

of the population at that time is demonstrated by the tagging work 
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I 

anC. s;ecU!er. ~olleC":i.."l.g C.cne ~y t.an-e (1960, 1961) and :.Cnt anC. 


t.¢n¢ (1962) (Table 29). 


consciously saleC": for famala cal•;es sines it is diffic-.llt to 


':.."le sex of the cal! is t.mi:nportan t to local hunters L"l ':."':e WAH' s 


ranqe. While collecting i."lcisi!or.n teeth in t."le ~Tillages i~ 1976, 


noted <:..'lat hunters could seldom :scall t.'le se:c of cal•;es 't~hi.:."l they 

had ha.r-;es-t:ed th.at yea:. .:m =~ lanaticn fer ~'le biased sex :'atio :•.!l 

1959-61 may be t."lat ~ were incorrectly classified =v ':."le 

co11ec-eor. se~;eral othe: s-t:uc!ies (Table 29) have also found t.':e 

sex ratios of calves L"l ~aM h~;ests slanted toward females, however. 

iiemming and Glen.."l (1969) ccmmenteC. t."l.at t."ley knew of no satis!a~cry 

eX?1anation for t."lis ~henomencn. R. L. Rausch fo~~d significantly 

(P < 0.05) more male t."lan female calves among car~cu killed by 

natives from Anak-t:u~~ ?ass L"l 1950-52 (Lantfer 1965). I found a 

ratio of 13 ~es:12 females frcm an ex~"laticn cf 25 cari;ou 

calves killed by hunters L"l 1975-76 in ~"':e ~~. 

calves; the :eascn for t."lis is ~~own. 

Siqnific~"ltly higher fe:cen~ages of females t~~, ~a!es are 

also foul''lC. .!.n :·rAE har1ests of yearlings and t·..;o-year-olds (Table 30). 

on t."':e sex :atio of ~hese ccho~s (Table 30) . 



T
a
b

le
 

3
0

. 
	

P
e
rc

e
n

ta
g

e
 
o

f 
m

a
le

 
y

e
a
rl

in
g

s
 

a
n

d
 

tw
o

-y
e
a
r-

o
ld

s
 
in

 
th

e
 
h

a
rv

e
s
t 

o
f 

\'
le

st
e
rn

 
A

rc
ti

c
 

H
e
rd

 
c
a
ri

b
o

u
 

(1
9

5
0

-7
6

).
 

--
--

-.
. 

--
-	

-
---

-
--

--
---

· 
--

--
-·

 -
--

··
­

-
~
-
-
-

Y
e
a
r 

A
g

e 
C

la
s
s
 

P
e
rc

e
n

t 
M

a
le

s 
1 

C
o

ll
e
c
ti

o
n

 	
S

o
u

rc
e
 

1
9

5
0

-7
2

 	
Y

e
a
rl

in
g

s
 

3
5

.3
 

1
7

) 
ll

u
n

te
r-

k
il

le
d

 
a
n

im
a
ls

 
L

e
n

tf
e
r 

1
9

6
5

 
T

w
o

-y
e
a
r-

o
ld

s 
3

0
.9

 
3

6
) 

H
u

n
te

r-
k

il
le

d
 

a
n

im
a
ls

 
L

e
n

tf
e
r 

1
9

6
5

 

1
9

5
9

-6
1

 	
Y

e
a
rl

in
g

s
 

2
4

.2
 

6
2

) 
2 

ll
u

n
te

r-
k

il
le

d
 
a
n

im
a
ls

 
P

re
s
e
n

t 
s
tu

d
y

 
T

w
o

-y
e
a
r-

o
ld

s 
2

6
.9

 
5

2
) 

2 
ll

u
n

te
r-

k
il

le
d

 
a
n

im
a
ls

 
P

re
s
e
n

t 
s
tu

d
y

 

1
9

6
4

-6
5

 	
Y

e
a
rl

in
g

s
 

2
0

.6
 

3
4

) 
2 

H
u

n
te

r-
k

il
le

d
 
a
n

im
a
ls

 
M

cG
ow

an
 

1
9

6
6

 
T

w
o

-y
e
a
r-

o
ld

s 
2

0
.2

 
8

5
)2

 
H

u
n

te
r-

k
il

le
d

 
a
n

im
a
ls

 
M

cG
ow

an
 

1
9

6
6

 

1
9

6
5

-6
6

 	
Y

e
a
rl

in
q

s
 

2
5

.9
 

2
7

) 
3 

H
u

n
te

r-
k

il
le

d
 
a
n

im
a
ls

 
G

le
n

n
 

1
9

6
7

 
T

w
o

-y
e
a
r·

-o
ld

s 
2

2
.2

 
3

6
) 

2 
H

u
n

te
r-

k
il

le
d

 
a
n

im
a
ls

 
G

le
n

n
 

1
9

6
7

 

1
9

6
6

-6
7

 	
Y

e
a
rl

in
g

s
 

u
.s

 (
1

6
3

) 
2 

H
u

n
te

r-
k

il
le

d
 
a
n

im
a
ls

 
H

em
m

in
g 

a
n

d
 

G
le

n
n

 
1

9
6

8
 

T
w

o
-y

e
a
r-

o
ld

s 
1

3
.1

 
(1

8
3

) 
2 

H
u

n
te

r-
k

il
le

d
 
a
n

im
a
ls

 
ll

en
u

n
in

g
 

a
n

d
 

G
le

n
n

 
1

9
6

0
 

1
9

6
0

 	
Y

e
a
rl

in
y

s
 

2
2

.9
 

4
0

) 
2 

l"
a
ll

 
h

u
n

te
r-

k
il

le
d

 
a
n
i
~
a
l
s
 

ll
en

u
n

in
g

 
a
n

d
 
G

le
n

n
 

1
9

6
9

 
'l

'w
o

-y
e
a
r-

o
ld

s 
3

6
.4

 
ll

)
 

t
-
~
a
u
 

h
u

n
te

r-
k

il
le

d
 
a
n

im
a
ls

 
H

em
m

in
y 

a
n

d
 

G
le

n
n

 
1

9
6

9
 

1
9

7
6

 	
Y

e
a
rl

in
g

s
 

3
}

. 
7 

6
3

) 
It

 
C

o
m

p
o

si
ti

o
n

 
c
o

u
n

ts
 

P
re

s
e
n

t 
s
tu

d
y

 

T

w
o

-y
e
a
r-

o
ld

s 
3

2
.4

 
3

4
) 

3
1

 
M

ay
 

to
 

1
1

 
Ju

n
e
 5 

P
re

s
e
n

t 
s
tu

d
y

 


1
9

7
6

 
Y

e
a
rl

iu
g

s
 

5
4

.8
 

7
3

) 
C

o
m

p
o

::
;i

ti
o

n
 
c
o

u
n

ts
 

A
D

F&
G

 
U

n
p

. 
D

a
ta

 

1

6
 
O

c
to

b
e
r 




T
O

'l'
J\

L
 	

Y
e
a
rl

in
g

s
 

2
1

.4
 

(3
5

1
) 

2 
ll

u
n

te
r-

k
il

le
d

 
a
n

im
a
ls

 
'l

'w
o

-y
e
a
r-

o
ld

::
; 

2
1

.0
 

(4
0

3
) 

2 
ll

u
n

te
r-

k
il

le
d

 
a
n

im
a
ls

 

1 s
a
m

p
le

 
s
iz

e
 
in

 
p

a
re

n
th

e
s
e
s
. 

S
a
m

p
le

 
B

iz
e
 
d

o
e
s 

n
o

t 
in

c
lu

d
e
 
y

e
a
rl

in
g

s
 

a
n

d
 

tw
o

-y
e
a
r-

o
ld

s
 
o

f 
u

n
k

n
o

w
n

 
s
e
x

. 
2
P

ro
b

a
b

il
it

y
 
th

a
t 

th
e
 

p
e
rc

e
n

ta
g

e
 
o

f 
m

a
le

s 
e
q

u
a
ls

 
5

0
 
p

e
rc

e
n

t 
is

 
le

s
s
 

th
a
n

 
0

.5
 
p

e
rc

e
n

t.
3 P

ro
b

a
b

il
it

y
 
th

a
t 

th
e
 
p

e
rc

e
n

ta
g

e
 
o

f 
m

a
le

s 
e
q

u
a
ls

 
5

0
 
p

e
rc

e
n

t 
is

 
le

s
s
 

th
a
n

 
2

.5
 
p

e
rc

e
n

t.
 

N
11

 P
ro

h
a
b

il
i 

ty
 
th

a
t 

th
e
 
p

e
rc

e
n

ta
g

e
 
o

f 
m

a
le

s 
e
q

u
a
ls

 
5

0
 
p

e
rc

e
n

t 
is

 
le

s
s
 

th
a
n

 
1

.0
 
p

e
rc

e
n

t.
 

1
-'

5 •
J'

h
es

e 
co

u
n

t!
:i

 
fr

o
m

 
th

e
 

p
e
ri

p
h

e
ry

 
o

f 
th

e
 

c
a
lv

in
g

 
a
re

a
 
p

ro
b

a
b

ly
 
o

v
e
r 

re
p

re
s
e
n

t 
fe

m
a
le

s 
(s

e
e
 

L
e
n

t 
1

%
6

a
).

 

0 



202 


studies (Klei~ 1968, Skoog 1968, Millar 1974, pp. 76-77), suggest 

that t~e sex ratio of yearlings and ~Ho-year-olds is close to 

50:50. If such is ~~e case in the WAH, then hunter selectivity 

favoring females in the one and two year age cohorts is the rule 

there. This selectivity is opposite the hunter selectivity 

demonstrated for the NCH (pp. 42-44) . 

2. 	 TESTING FOR DIF:'ER....~CES IN THE AGE STRUCTU"R:: OF 
THE rliESTE:RN ARCTIC HERO aA.RVES'l'S AMONG VILLAGES 

The age composition of hunter-killed animals in ~~e WAH was 

analyzed to determine if differences existed among villages. T~e 

data evaluated is contained in Appendices F and G. Chi··square 

analysis was used to test for differences; age classes were grouped 

so ~~at no more ~~~~ 20 percent of all expected values were less ~~an 

five, followL~g Cochran (1954). The results are shown in Table 31. 

a. 	 Calves 

Significant differences (P < 0.005) in ~~e percentage cf calves 

of total animals killed by hunters were found among villages i~ 

1960-61 and in 1975-76. The exact reason for ~~e high degree of 

variation in the percentage of calves is un&~own. Possibly the 

percentage of calves ~~ong caribou wintering in the vicinity of 

the villages is partially responsible for dete~ning the percentage 

in the ~tillage harvest; in the NCH, howe•ter, no significant correlation 
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Table 31. 	 Comparison of the age structure of Western Arctic Herd 
harvest data among villages. 

Variable Tested Villages Comparedl xl df p 

Percent calves of 1959-61 K:V, NT, PH 5.704 2 <0.100 
total animals 1960-61 AP, J!:Y, NT, PH 14.570 3 <0.005 

1975-76 8, 3:N, F:Y, NR, 19.850 5 <0.005 
PH, SEL 

Percent yearlings of 1959-60 rv, NT, PH 7.692 2 <0.010 
total 1+ animals 1960-61 AP, J!:Y, NT, PH 4.228 3 <0.250 

1975-76 8, !CN, F:v, ~JR, 3.992 5 <0.500 
PH, sz:::.. 

Percent 1:"..-~o-year-olds of 1959-60 J!:Y I NT, PH 3.203 2 <0.250 
total 2+ animals 1960-61 AP, f!:\1 I ~IT I PH 1.206 3 <0.900 

1975-76 B, ::eN, r:l, NR, 3.639 5 <0.750 
PH, S'EL 

3-4, 5-61 7+ Males 1960-61 AP, NT 4.577 2 <0.250 
1960-61 ;;;.::;, KV-NT-PH 4.193 2 <0.250 
1975-76 r<:N, m, SEL 8.759 4 <0.100 

3-41 5-61 7+ Females 1960-61 AP, NT 0.336 2 <0.900 
1960-61 AP, KV-NT-PH 1.230 2 <0.750 

3-4, S-6, 7+ un:~<nown sex 1960-61 8, KV, NR, SEL 5.550 6 <o.soo 

3-6, 7+ Males 1960-61 AP, NT 0.075 l <0.900 
1960-61 AP, FN-NT-PH 0.062 l <0.900 
1975-76 8, KN, m, SEL 4.704 3 <0.250 

3-6, 7+ Females 1960-61 AP, NT 0.222 l <0.750 
1960-61 AP, KV-NT-PH 0.121 l <0.7SO 
1975-76 IQI I NR 0.119 l <0.750 

3-6, 7 + Unknown se.x 1975-76 8, !Ql, KV, NR, 7.919 5 <0. 250 
PH, SEL 

1 AP = Anaktuvu.k Pass 
8 .. aarrow 


KN• Kiana 

"!::! = Kivalina 

NR • Noorvik 

NT= Noatak 

PH = ?oint Hope 


SEL • Selawik 
F:tl-NT-PH means the data from these three villages ~ere combined. 
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was found be~Neen ~~e percentages of calves in the fall composition 

counts and ~~e percsntages L~ ~~e overall harJests (Table 5). 

b. 1earlinas 

The percsntages of yearlings of total l+ animals in ~~e village 

harvests were significantly different (P < 0.01) among three villages 

in 1959-60, suggestL~g ~~e yearling composition in the harJests may 

also var1 among villages. No siqnifica~t differences (P > 0.10) 

were detected in the percentage of yearlings of total 1+ animals 

L~ harJests among four and among six villages in 1960-61 and 

1975-76, respectively. 

c. 2+ Adults 

No significant differences were found among villages in ~~e 

percentage of two-year-olds of 2+ adults, the age structure of 

3+ males, or in ~~e age structure of 3+ females in collections of 

hunter-killed an~~als in 1959-60, 1960-61, and 1975-76. 

Consequently, the age str~cture data from all the villages were 

combined for 2+ adults. The results are shown in Tables 32 and 33. 
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Table 32. 	 Age str~cture of hunter-killed caribou from ~~e Western 
Arctic Herd (1959-61) . l 

Number of I:ndividuals (Percentages) 

Age r-mle Female Un.'mown Sex Total 

2-3 14 (10.8) 2 38 (21.6) 37 (17.1) 89 (17.0) 

3-4 12 ( 9. 2) 29 (16. 5) 43 (19. 9) 84 (16 .l) 

4-5 24 (18. 5) 33 us. a> 41 (19. 0) 98 (18.8) 

S-6 30 {23 .l) 19 (10. 6) 30 (13. 9) 79 (15. 1) 

6-7 19 (14.6) 25 (14.2) 19 8.6) 63 (12.1) 

7-8 9 6.9) 13 ( 7. 4) 14 6.5) 36 6. 9) 

8-9 9 6. 9) ll 6. 2) 9 4.2) 29 5.6) 

9-10 4 3.1) 5 2.8) 10 4.6) 19 3. 6) 

lO-ll 5 3.8) l 0.6) 5 2.3) ll 2.1) 

ll-12 4 3.1) l 0.6) 4 l. 9) 9 l. 7) 

12-13 0 0. 0) l 0.6) 2 0.9) 3 0.5) 

13-14 0 0.0) 0 0.0) l 0. 4) l 0.2) 

14-15 0 0.0) 0 0.0) l 0. 4) l 0.2) 

TOTAL 130 176 216 522 

1collected in ehe villages of Anaktu~~ Pass, Kivalina~ Noatak, and 
Point Hope (see Appendix F) . 

2percentages in parent.":.eses. 



206 

Table 33. 	 Age st~cture of hunter-killed caribou fr=m the Wester~ 
Arctic Here (1975-76) .1 

Number of Individuals (Percentages) 

Male 	 Total 

2-3 17 ( 8.6) 2 2..4 (11. 7) 64 (15. 3) 95 (12. 9) 

3-4 28 (14.2) 11 ( 9.2) 64 (15. 3) 103 (14.0) 

4-5 34 (17.3) :.s (:';.3.0) 80 (19.1) 132 (17.9) 

5-6 45 (22 .a) l3 (10.8) 65 (15.5) 123 (16.7) 

6-7 35 (17 .8) 20 (l6.7) 41 9.8) 96 (13.0) 

7-8 19 9.6) 11 9. 2) 39 9.3) 69 9.4) 

8-9 11 5.6) ll 9.2) 35 8.4) 57 7.7) 

9-10 4 2.0) 10 8.3) 15 3.5) 29 3. 9) 

10-11 2 LO) 6 5. 0) 5 1. 2) 1.3 1.8) 

11-12 0 0.0) 4 3.3) 6 1.4) 10 1.4) 

12-13 1 0.5) 2 1. 7) 3 0.7) 6 0.8) 

1.3-14 0 0.0) 0 0.0) 2 0.5) 2 0. 3) 

14-15 1 0. 5) 0 0.0) 0 0.0) ,. 0 .l) 

TOTAL l a­~ I 120 419 736 

1co11ected in the 'Tillages of .:;.'1\bler, 3arrotv, :::'ransvi.:.le, Kiana, 
Kivalina, Kotzebue, :-roorri:<, Point Hope, Sel.=.••:..k, Shungnak, and 
in the Kiana Hills (see Append~< G) . 

.,
-Percentages in parentheses. 

http:ransvi.:.le
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3. TESTI~1G THE ~CCU:t~Cl OF 3+ A.Df.JLT rl.GE STRt.TC'!''C?.E DATA F~C·M 

~liLLAGE B'A..~lESTS 3Y COH:PAP.!}TG TEE AGE STRt;C:'C?.E CF 


MALES AND FE.:·!A.l'.ZS 


It is desirable to ''alidate age str.1c"tu::'e data prior to t.t.e 

modeling effort, so that ':he da1:a may be justifiably :.J.sed as 

information input into the ~odel. One method of testing the 

rsliability of the 3+ adult age s~ructur9 data i5 ~~~sen~ad ~ere . 

.~ indicated .s>reviously, t.'"l.e :1umber of male t'do-;;·ear-olds is 

approxi~tely equal to the number of ewe-year-old females, ~hile the 

sex ratio of adults tends to favor females in most North American 

caribou herds (Bergerud 1967, 197lb, 1974b; Klein 1968; Skoog 

1968; Parker 1972; Table 1, 22; and others). If ~'i.e sex ratio is 

approximately equal for males and females entering adulthood, then 

altered sex ratios in favor of females can only be explained ':hrough 

increased mortality of adult males compared to females. This implies 

a larger population ratio of "old" females to ''you."'l.g adult" females 

than of "old" males to "young adult" males. 

~able 34 shows the results of comparisons o~ ~ne age st~.lc~ure 

of 3+ males to 3+ females in hunter-~illed collec~ions of animals 

In most years significant di.:'ferences bet•.veen the 

age str.1cture of adult males and adult females could r.ot be 

detected. This suggests that the age str'~ctura of ~ur.ter-killed 

caribou often ~ay :1ot reflect the age structure of the population. 

w~ether t~is is due to bias in the adult male s~ple, che adult 

http:FE.:�!A.l'.ZS
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female sample, or both, is ancertain from ~~e above comparisons. 

The inability to detect significa~t differences between the adult 

age structure of males and females in ~~e 1964-68 harvest collections 

may be partially due to ~~e la~~ of precision in the wear-age 

technique used to age-determine animals L"'l those years. To 

illustrate that significant differences between the male and ~~e 

female age str~ctures should have been detected given ~~e sample 

sizes of ~~e collections, I present the following: Miller (1974) 

estimated the male and female age structure of ~~e Kaminuriak 

population from animals collected by biologists. Population 

studies of ~~e herd during ~~at time indicated equal sex ratios 

of two-year-olds and a 55:100 ratio of 3+ males:J+ females (Parker 

1972). Assuming a sample size of 100 3+ males and 100 3+ females, 

dividing the cohorts into 3 to S, 6 to 9, and 10+ years and testing 

for differences as i:1 Table 34 produced a x2 of 16.4 (df '"' 2, 

P < 0.005). Repeating ~~e above test with SO 3+ males and SO 3+ 

females (lumping age classes into 3 to 5 and 7+ years to avoid 

expected values of less than 5.0) still allowed detection of 

significant differences <x2 a 7.6, df = l, P < 0.01). The sample 

sizes of ~~e yearly comparisons between males and females in the 

;qAH (Table 34) generally exceeded 100 animals for both 3+ males and 

for 3+ females. 
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Table 34. 	 Comparison of the age str~cture of 3+ males and females 
from village harvest data in the Western Arctic Herd. 

Age Classes Tested Data Source 1 	 df 

3-5, 6+ 1950-52 Al'3 4.830 0.050 

3-6, 7+ 1960-61 A2 0.078 l 0.900 

3-4, S-6, 7+ 1960-61 A2 4.580 2 0.250 

3-6, 7+ 1960-61 KV-NT-PH 1.470 1 0.250 

3-4, S-6, 7+ 1960-61 KV-NT-PH 1.910 2 0.500 

3-6, 7+ 1959-60 Total 0.106 1 0.750 

3-4, 5-6, 7+ 1959-60 Total 0.264 2 0.900 

3-6, 7+ 1960-61 Total l.l40 1 o.soo 
3-4, S-6, 7+ 1960-61 Total 5.050 2 0.100 

3-6, 7+ 1959-61 Total 1.080 1 0.500 

3-4, 5-6, 7+ 1959-61 Total 4.870 2 0.100 

3-51 6-9, 10+ 1964-65 Total'+ 2.820 2 0.100 

3-5, 6+ 1965-66 TotalS 0.097 l 0.900 

3-S, 6-9 I 10+ 1966-67 Totals 4.500 2 0.250 

3-5, 6-9, 10+ Fall 1968 Al-17 1.580 2 0.500 

3-4, S-6, 7+ 1975-76 KN 7.980 2 0.025 

3-6, 7+ 1975-76 KN 3.220 1 0.100 

3-4, S-6, 7+ 1975-76 Total 9.840 2 0.010 

3-6, 7+ 1975-76 Total 5.630 1 0.025 

1on1ess other..,ise specified, all tests compare proportions of 3+ males 
to proportions of females. AM = Ambler, AP = Anaktuvuk Pass, :K}l = 
!tiana, 'KV' "" Kivalina, NT .,. Noatak, ?H = ?oint Hope. 1975-76 Total 
does not include data from the Kiana Hills. KV-NT-PH means ~~e data 
from these ~~ee villages were combined. 

2tess than or equal to the probability a higher ratio of "old" males 
to 3+ males than "old" females to 3+ females observed in har~Test 
collection is due to chance. 

3Raw data from Lentfer (1963) . 

~+Raw data from l·:cGowan (1966). 

5Raw data from Glenn (1967) . 

&Raw data from Hemming and Glenn (1968) • 

iRa•.., data f:-om Hemming and Glenn (1969) . 
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4. 	 A..'l AllALYSIS OF TR..1:'NDS n-t THE .~GE STRU~JRE OF THE 
\iESTERN A.RC!IC HERD F..ARVEST DATA 

This section presents an analysis of trends in the rN,AH harrest 

data. First through fourth degree polynomial regression equations 

were calculated for ~Helve harvest parameters from 1950 to 1976 and 

•Here tested to determine t..'"le "best fit" polynomial reg-ression models 

as described in Chapter 2 {p. 34). The results are summarized in 

Table 3S and Figure 14 and 15. 

Third and fourth degree polynomial equations produced the 

"best fit" to most of the harvest parameters regressed over time. 

It is difficult to determine if such equations reflect actual trends 

in the harvest data or are simply spurious equations resulting from 

the 	variability in ~~e data and the p~~icular years in which t..~e 

data were collected. Some parameters predicted by the models seem 

unrealistic (i.e., only 20 percent of the 1954-56 collection of 3+ 

adults are 3 to 5 years of age). 

A second met."'lod for determining trends in the nar.rest data was 

to test the 1959-61 and 1975-76 collections to determine signi=icant 

differences be~~een ~"'le age st--ucture of these ~~o collections. The 

results of these tests are summarized in Appendix H. ~NO differences 

(P < O.OS) were indicated by these comparisons. One, the proportion 

of two-year-olds of 2+ adults was significantly higher in 1959-61 

than in 1975-76 and, two, the proportion of females 7 years of age 
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Figure 14. 	 Polynomial regression models of the age composition of 
the ties tern Arctic Herd harvests over time. 
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Figure 15. 	 Polynomial regression models of the age structure of 
3+ adults in the ':·lestern Arctic Herd harvests. 
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and older of total 3+ females was significantly higher in the 

1975-76 collection. The significance of these findings is 

discussed in the following chapter in connection with the 

modeling effort on the WAH. 

D. CONCLUSIONS 

A comparison of the estimated age structure of 522 and 736 

2+ adults collected from village harvests in the tvAH in 1959-61 

and in 1975-76, respectively, revealed significantly higher ratios 

of two-year-olds of total 2+ adults and lower ratios of 7+ females 

of 3+ females in the 1959-61 collection. It is uncertain if 

significant third and fourth degree polynomial equations of various 

harvest parameters regressed on time reflected actual trends in 

the harvests or were spurious results due to the collecting and 

age-determining techniques. 

A model t11as constructed based on the assumption that the 3+ male 

and 3+ female age structures in the WAH are different, and, further­

more that differences in age structures can be readily detected at 

the 0.05 significance level with random samples as small as 50 adult 

males and 50 adult females. Age structure data from village 

harvests failed to show these significant differences in 5 of 7 

years, suggesting that the age structure of the harvest collections 

in those years did not accurately reflect the actual adult age 

structure of the herd. 
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Hun~ers in ~~e WAH take signi=icantly higher percentages 

of adult males from August to October compared to ~~e time period 

from Movember to June. Higher percentages of =emales than males 

were found among calves and yearlings in harvest collections, 

indicating sex-specific hunter selectivity favoring females in 

these cohorts. 



CHA?TER 7. .1-!0DEUNG T:HE ?C'J?UI....;.T!ON DYN;.!1!CS 

OF TSE \iEST:ERN MC:'IC E:E~ SINCZ 1960 

A.. nlTRODUcriON 

The purpose of this chapter is to elucidate factors 

responsi'ble for th.e rapid decline of th.e Western Arctic S:erd 

and to simulate some future projections of the herd's growth, 

given a range of management alternatives and population responses 

by ~~e herd. As in Chapters 2 and 3, simulation modeling is used 

to assess the role of human harvests, wolf predation, and other 

mortality factors on the population dynamics of ~~e herd. The first 

five sections of this ~~apter are devoted to evaluating population 

estimates, available composition data, the magnitude of wolf 

predation, the magnitude of reindeer i~grations, and ~~e condition 

or "quality" of t:..'"l.e cari.bou in t.'"l.e WAH. These five sections, 

together with the analysis of harvest and census data presented in 

Chapter 4 through 6 and t.~e results of analysis in Chapter 2, fo~ 

the data base wi~~ which the population model is constructed, input 

parameters derived, and simulations validated in the remaining 

sections of t.~is chapter. 

.216 
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B. 	 RESULTS AND DISCUSSION 

1. 	 A REVIEW OF THE POPULATION STATUS OF THE 
WESTERN ARCTIC HERD 

a. 	 Prior to 1950 

Reviews of historical data have indicated that caribou were 

abundant in northwestern Alaska from the 1830's to 1870's and then 

declined to a low population level in the early 1900's (Bee and Hall 

1956, Sonnenfield 1957, Lent 1966b, Skoog 1968). The number of 

caribou in northwestern Alaska in the early 1900's is unknown. 

Caribou were plentiful at this time, however, along the upper 

Colville River from the Killik River to the Utukok River, just north 

of the Brooks Range, a region that includes a portion of the present 

calving grounds of the herd (Lent l966b). A gradual increase in the 

caribou population was first noted in the early 1920's (Ibid.), 

although no extensive migrations were recorded along the northern 

coast or into the Baird and Schwatka r-tountains to the south 

(Skoog 1968). In 1936-37, a concentration of caribou, estimated at 

90,000, apparently wintered along the Cutler River, north of Ambler 

(Ibid.). By the 1940's, caribou were being hunted again along the 

coastal villages from Barrow to Kotzebue (Lent 1966b). In 1947, a 

large concentration of caribou, estimated at over 250,000 animals, 

was observed in the upper Noatak Valley, and by the late 1940's, 

caribou became abundant along the Kobuk River in increasing numbers 
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(Skoog 1968). Since then, the cari~cu herd has wintered 

primarily sou~~ of the crest of ~~e 3rcoks Range, ex~ending sou~~ 

and eastward throughout what is now considered its present winter 

range. 

Because the increase of ~~e WAH from 1920 to 1950 coincided 

with a dramatic decrease of caribou in the interior and northeastern 

portions of Alaska (Murie 1935, Skoog 1968), immigration has been 

L~licated as an important cause of the increase (Scott et al. 1950, 

Lent 1966b, Skoog 1968), although no egress of animals from other 

heres has been do~~n~ed. ~e uncertainty of ~~e role of 

immigration, the lack of demographic data, and ~~e lack of adequate 

census data confound attempts to estimate ~~e population of the 

herd prior to 1950. 

b. Since 1950 

Scott et al. (1950) suggested the presence of four caribou herds 

in no~~western Alaska and est~~ated they contained a total of 119,000 

animals. Later studies by uS~NS and .~F&G revealed ~~e presence of 

only one herd in the region (Len~ l966a, Skoog 1968, Hemming 1971). 

Lent (1966a) , using aerial photos to census the post-calvL~g 

aggregations, estimated ~~e 1962 summer population (including calves) 

was between 1i5,COO and 200,000 an~~ls. Skoog (1968) esti~Ated a 

mini~um population of 300,000 animals, excluding calves, for June 

1964, based on the following: 



219 


During the wL~~er of 1963-64 large ~~~ers 
of caribou moved ~~rough the lower Kobuk and 
Kotzebue Sound areas, accessible to many of ~~e 
settlements in ~~at area. An attempt was made by 
the Alaska Department of Fish and Game to ob~ain 
harvest figures for ~~at period. The results 
indicated ~~at at least 25,000 animals were killed 
between September 1963 and April 1964. If one we:e 
to assume that one out of every ten animals in the 
herd had been killed that winter, it would mean that 
the original population was approximately 250,000 
animals. In view of the wide distribution of the 
movement of ~~ese caribou to the winterL~g grounds, 
especially since such a vast number of anL~ls 
moved southward east of the main settlements, it 
seems quite doubtful ~~at the people could possibly 
have killed 10 percent of ~~e animals. This type 
of reasoning implied ~~at ~~ere probably was a much 
greater population in the northwest arctic than had 
been supposed. As such, the writer placed the 
~~mum estimate !or this herd at 300,000 animals 
(calves excluded) for June 1964. It is not known a~ 
present whe~~er or not the herd is continuing to 
increase; ~~e relatively high incidence of morbidity 
found in recent years may indicate a reduced vitality 
and lowered annual increment. 

In June 1970 a total of 179,843 caribou were counted on aerial 

photographs in addition to 10,380 counted L~ peripheral areas, 

and a minimum fall population of 242,000 caribou was estimated 

(Pegau and aemmL~g 1972) . The 1976 population estimates of the 

~~ (approximately 60,000 to 100,000) was discussed in detail L~ 

Chapter 4. 

c. Conclusions 

The past estimates of herd size for the ':iAH present a 

conflicting picture of the population trends of the herd. This 

is probably largely the result of inaccuraCJ in many of ~~e estimates. 
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Since 1950, howeve:, ~~e herd apparen~ly increased to an unkno•Nn 

level, •.rith an obvious sharp C.ecline since 1970. 

2. ESTIMATING THE COMPOSITION OF THE IVES~~ ARCTIC HERD (1960-76) 

Composition data from the WAH is extremely limited (Table 36) . 

Furthe~ore, as indicated previously, assumptions on which the 

estimates are based (such as random mixing or various coho~s) may 

often be invalid; hence the reliability of the composition data is 

rather uncertain. Several of the fall composition counts of the 

WAH (Table 36) are believed to be unreliable. These are C.iscussed 

as follows. 

Lent (in litt.) felt that the 1961 fall composition counts were 

not representative of ~~e herd due to ~~e lower proportion of males 

in ~~e fall composition counts compared :o the post-calving composi­

tion counts. tent (1966b) used ~~e post-calving composition co~~ts 

ill estimating the composition of t.~e WAH. By assumL>g ~~e 1961 

post-calving yearling/2+ female and 2+ male/2+ female ratios are 

~epresentative of ~~e herd, the fall percentage of calves can be 

calculated from the following formula: 

= (R I (R + R + R + 1) 1 )( 100 , (26)
c c y m 

'"'here 

P = percentage of calves in the fall,c 
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R 	 = fall calf/2+ female ratio, and c 

R and R yearling/2+ female and 2+ male/2+ female2 

y m 

post-calving ratios, respectively. 

It should be noted that the post-calving calf/2+ female ratios in 

1960 and 1962 were considerably higher than the 1961 post-calving 

calf/2+ female ratio (Lent l966a,b). Consequently, the 1961 fall 

percentage of calves may be lower ~~an the fall percentages of 

calves in other years during the yearly 1960's. Unfortunately, fall 

composition counts were not obtained in other years during that time. 

!n 1970, the yearling cohort was lumped with 2+ adults during 

the 	fall composition counts (?egau and Hemming 1972) and ~~e fall 

composition was estimated using the post-calving yearling/2+ female 

ratio (Ibid.). If one assumes an equal sex ratio of yearlings in 

the fall, a 2+ male to 2+ female sex ratio of 56:100 is generated 

from the 1970 data. 

The 1975 fall composition counts by J. Davis, ADF&G, revealed 

a relatively low 2+ male to 2+ female ratio (31:100). The 1976 fall 

ratio (62:100) indicated a marked change in the adult sex ratios. 

Such a ~~ange in sex ratios in one year is considered unlikely for 

the 	followL~g reasons. 

1) 	 Human harvest was undoubtedly the major adult 

mortality factor from 1975 to 1976. All available 

data indicates that the harvest of 2+ adults 

during that time was not selective for ~ales 

(Chapter 6: p. 198}. 
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2) A low percentage of yearli:1gs ":vas found in t.."le 

1975 fa~~ composition counts (Table 36) , sugges~ing 

t.."lat the increment of twc-year-o1ds in 1976 was 

not large enough to alter the adult sex ratio 

substantially. 

First and second degree polynomial equations were calculated 

for various co~osition parameters regressed on ti~e from 1961 to 

1976 and tested for "best fit" as descr.:.i.bed earlier. The results 

are shown in Table 37. The only significant trend (P < 0.05) in 

the composition data was a linear increase in t..~e percentage of 

calves in the population from 1961-76 (Equation 27). 
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3. ESTI..'\(..AT!!IG TEE ~1..'1\GNITti'DE CF ~·10U' PREDATION !N THE WAH 

Pernaps the largest gap in our knowledge of factors affecting 

the population dynamics of tb.e N'AH is t.."le role of predation. For 

t.."le purposes of this model, only ,.,.olf predation is treated as a 

separate mortality factor on the herd. Predation by other 

vertebrates has been included in the general category of "natural 

mortality" for reasons discussed pre•.rio'USly (pp. 63-64) . This 

seceion reviews and summarizes information available on the densities 

and food habits of wolves in t.."le range of t.."le WAH and develops a 

method of estimating t.."le magnitude of wolf predation. 

a. Estimation of Wolf Densities 

No wolf cens'USes have been conducted L~ northwestern rllaska until 

recently. The general trend of wolf abundance in the past has been a 

presumably high density of wolves in the early 1950's (Kelly 1954), 

a low density of wolves in the late 1950's and early 1960's 

(Rausch 1968) , a reasonably large increase in 'N'Olf abundance peaking 

around 1965-67 (Rausch 1968, l969b), and a sharp decline in wolf 

numbers to a low L, the late 1960's and early 1970's (Rausch l969b, 

Stephenson ~~d Johnson 1973). Eoth declL,es in wolf numbers are 

generally believed to be due to large human harvests of wolves 

(Raus~"l 1968, l969b; Rausch and HL~an 1977; Stephenson ~~d Jchnson 

1973). On the Nort..~ Slope where the open tundra terrain ~ade wolves 

especially vulnerable to aerial hunting, wolves were reduced to 
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ext:emely low numeers, prompting ~~e State to =lose ~~ 26 to 

wolf huntL~g from 1970-72. In 1972, ae:ial sport hunting of 

wolves was closed statewide when the Commissioner of ADF&G stopped 

~~e issuance of wolf permits (Rausch and Hinman 1977). Nolf 

populations in ~~e area appeared to respond to the reduced hunting 

pressure. By 1973, Stephenson and Johnson (1973) estimated a late 

winter density of one wolf per 233 Jan2 in a 9,326 km2 area in the 

central portion of t."le Brooks Range around Anaktuvuk Pass, an 

appa.-ent increase from an estimated late winter density of one wolf 

per 321 Jcn2 in 1971. 

Aerial surveys in March and April of 1977 indicated densities 

of less than one ·~lf per 391 km2 L~ G~ID 26A (Stephenson 1977) and 

densities of one wolf per 145 Jcn2 and 161 km2 in ~~ 23 and 24, 

respectively (R. Stephenson, pers. comm.). 

Using these estimated densities and extrapolating, ! have 

estimated mid-winter densities in 1969-71 of one wolf per 265 km2 , 

241 km2, and 835 km2 for~~ 23, 24, and 26A, respectively. Peak 

wolf densities (assumed to occur from 1965-67) were estimated at 

one '.¥Olf per 133 Jan2, 121 Jan2, and 228 Jcn2 for t.."le above respective 

units; 1961 estimates were one wolf per 239 km2 , per 181 kmz, and 

per 391 kc2 in those same respective units. Wolf populations in 

other years were estimated by visually fitting a smooth curTe to 

the number of wolves in each game management unit in the years 

specified and rour.ding the estimate to t..~e nearest 50. In addition, 
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z assumed a stable winter wolf population in ~~ 24 and 26A f:om 

1973 to l9i6 and a stable winter wolf population in ~~ 23 from 

1974 to 1978. This assumption was based on the overall impression 

I obtained f:om conversations with local residents of ~~e area, as 

well as wildlife biologists. Densities of ·Kelves on the portion 

of the WAH's range south of GMt1 23 and 24 were assumed to be the 

same as the average densities of G~ 23 and 24. 

Estimated wolf harvests, obtained from bounty and sealing 

records, were of limited value in estimating wolf numbers in north­

western Alaska. On one hand, the estimates of harvests substantially 

underestimated ~~e total human kill of wolves since some wolves 

caken were not reported and some wounded wolves were not retrieved 

(Stephenson 1976). On the o~~er hand, wolves have a highly variable 

recruitment rate and fall percentages of pups can exceed the number 

of older wolves in the population when wolf populations are heavily 

exploited (Mech 1970). Rausch (.l969b) used wolf harvest estimates 

to determine the period of high wolf numbers L~ no~-hern Alaska; 

however, ~~e relationship between wolf harvest statistics and actual 

wolf population levels may not necessarily be well correlated. 

To avoid using projected wolf populations ~~at could not 

sustain the estimating har1ests, I used the following equation: 

w. > (W. l/l. 92) + (l. 2 X H. ) (28) 
~ ~+ ~ 

where 

w. • projected wolf population in year i, 
~ 
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~ s re~orted ha-~est !rom year i to year i+l, and·~i ­

1.92 	 • ratio of pups and adults to adults found in an 

examination of 1,196 wolf carcasses from. the 

arc~c region. of Alaska from 1959-66 (Rausch 

1967}. 

Before concluding the discussion of wolf densities, special 

attention should be given to the calving grounds of the N'AH, •N"here 

wolf densities have apparently been extremely low since at least 

1960 (Stephenson 1976; J. Davis, pers. comm.; K. Keiland, pers. 

comm.). During the 1976 WAH s~udies, only ~~ree wolves were seen 

north of the Brooks Range during intensive aerial reconnaissance 

(J. Davis, pers. comm.). In addition, I observed a single wolf 

unsuccessfully chase a band of eight caribou near Noluck La~e on 

l June 1976 and found two separate sets of wolf tracks in mid-June 

along Driftwood Creek. More intensive work on the calving grounds in 

~~e summer of 1977 also revealed few wolf sightings (Davis and 

VaL~enburg 1977). Relatively high apparent surrival of calves from 

post-calving to fall (Table 36) lends fur"t.~er support to the 

hypo~~esis that wolf predation on the calving and s~ering ranges 

. ,
l.S -OW. This idea contrasts :markedly •.vith the findings of ?a.rker 

(1972) and Miller and Broughton (1974) that wolf predation was a 

substantial mortality factor on the calving grounds of the Kaminuriak 

caribou population in Canada. The difference in the magnitude of 

wolf predation between the two areas is probably the result of ~~e 



229 

considerably higher summer wolf to caribou ratio in ~~e 

:<aminuriak population (Parl<er 1972, 1973) as ·.-~ell as the 

availability of alte.rnative ungulate species in the NAH. 

b. Food Habits of Wolves in Northwest Alaska 

Caribou and moose are believed to be the principal prey of 

wolves in the coastal regions of no~-hwest Alaska, with ca:ibou 

comprising over 70 percent of all incidences of ungulate food 

remains found L, the stomachs of wolves there (Kelly 1954, Rausch 

1968). From an analysis of scat remains, Stephenson and Johnson 

(1972) concluded that Dall sheep are the principal summer prey of 

wolves in the portion of the Brooks Range comprising ~~e easte~ 

part of ~~e WAH's range. Moose and caribou are also substantial 

in the summer diet of some packs and are taken ·.-~hen available. 

During winter, all ~~ree ungulates are taken at comparable rates 

in the Brooks Range, with ~~e dependen~z on caribou waning in the 

later mcnt.~s (Stephenson and Johnson 1972). The :.mporta."lce of l'i:;;a: 

caribou to ·.-~olves south of t.1.e Brooks Range has not been •.-~ell 

studied. 

c. Effect of Micration on Wolf Predation 

Kelly (1954) and Stephenson (1976) have suggested that the 

distribution, movements, and food habits of wolves in nor-~west 

Alaska are strongly influenced by the movements of caribou. 
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Following suggestions given by Stephenson {Ibid.), r have 

assumed caribou were available on a year-round basis in G.MU 26A. 

On ~~e remainder of ~~e herd's range, I have assumed cari.bou were 

available to SO percent of the wolves for six months of ~~e year. 

In addition, I assumed 25 percent of ~~e wolves in ~~ 23 and 24 

had caribou available for seven mon~~s and 15 percent of ~~e wolves 

in these units had caribou available for eight months. Finally, ! 

have assumed 10 percent of ~~e wolves in G.MU 23 and 24 had cari.bou 

available all year to account for the fact that varying numbers of 

WAH cari.bou summer L'l the Delong, Baird, Schwatka, and Endicott 

Mountains (Lent l966b, De~'l and Chesemore 1974, Gardner 1974, 

Stepehenson 1976) • An examination of the year-to-year variability 

in the chronology of the WAH's southward fall migration (Lent l966b; 

Hemming and Glenn 1968, 1969; ?egau and Hemming 1972; J. Davis, 

Unp. ADF&G Data) reveals ~~at the above assumptions are extremely 

gross simplifications. 

d. Estimatina Caribou Killed oer Wolf 

In view of the previous discussion, I have assumeo that 50 percent 

of the 1.mgulates killed by 'N'Olves 'N"ere caribou during the time :aribou 

were available, and that the wol,Tes in the N'AH had t.l-J.e same an..'1ual 

kill rate of ungulates (24/wolf/year or 2/·...olf/mont."l) as in the NC-L 

The nt::.I!".ber of caribou killed by '"'olves in the ~vr.H was estinated fror:t 

the estimated number of wolves tL~es the kill rate of caribou times 
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the leng~, of time car~ou were available. Subt:ac~ing the es~~ated 

number of calves less than 5 mon~~s of age f:om ~,is predation rate, 

I have est.imated L."ldiYidual annual •..tolf predation rates, excluding 

cal•res less than 5 months of aqe to be: 

1) GL'1U 26A..: nine caribou, 

2) SO percent of t.~e wolves in G..'1U 23 and 24 and 

all the wolves in the portions of range south 

of G..'1U 23 and 24: si;~ caribou, 

3) 25 percent of the wolves in G~ 23 and 24: 

seven caribou, 

4) lS percent of the wolves in GHU 23 and 24: 

eight caribou, and 

5) 10 percent of t.~e wolves in Gl1U 23 and 24: 

e levan caribou. 

The above rates were used in the model es a rough esti~ate of 

wolf predation whi~~ could be increased or decreased to provide 

insight into possible effects of wolf predation on ~~e herd. 
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4. 	 INFLUENCE OF REINDEER CN TEE POPULATION DY!TAMICS OF 
THE tolESTERN ARCTIC O.RIBOU HERD 

Lantis (1950) and Skoog (1968) have described the history of 

the reindeer industr] in Alaska. During t~e precipitous decline 

of the reindeer industry from 1929 to the late 1940's, large numbers 

of reindeer were lost and possibly joined the 'i1AH. Such large losses 

could have had a direct effect on the population dynamics of ~~e WAH 

during that time. 

During this study the presence of reindeer in the WAH was 

detected several times. At Shungnak, Lawrence Gray, a former reindeer 

herder, showed me three adult male "caribou" he had shot from the same 

group of animals in the fall of 1975. One "caribou," with considerably 

s.maller antlers than the other two males, had a distinct V not~~ed in 

one ear. This mark, Mr. Gray claL~ed, was his met~od of marking 

reindeer. The reindeer was estimated by cementum annulations to be 

in its ninth year of life at the ti:ne of its death and had surrived in 

the wild since at least 1971 (Table 38) . A na~ive of Barrow reported 

her husband had shot two reindeer at Nuiqsut during the sUEmer of 

1975. While in the Kiana Hills, I observed an adul~ female with a 

marked "white-faced" pattern, a characteristic common amongst 

domesticated reindeer. SL~ilar reports by hunters killing or observing 

reindeer among caribou in the WAR have been reported by Rausch (1951) 

and Lent (1960). 
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Table 38. Recent numbers of reindeer which •..rere lost and 
possibly joined the r.;estern Arctic Herd. l 

Reindeer Herd Years Estimated LOss 

Wilson-weber 1944-56 2,500 

Nome Demonstration 1948-64 4,800 

Skin 1953-60 1,400 

Gray 1953-71 6,300 

Hadley 1954-76 sao 

commack 1956-61 aoo2 

Sheldon 1957-61 400 

Skin 1960-61 800 

Commack 1961-62 425 

Sheldon 1961-62 700 

Stalker 1965 400 

lsased on information from E. Nygard (in litt.}. The list is 
incomplete for the 1940's and early 1950's. 

2Approximately 150 of ~~ese reindeer ~ere later recovered and 
placed in the !lome Demonstration Fierd (E. Nygard, in litt.}. 
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Semenov-Tian-Sh~~sku (1975) has inCicated ~~at domestic 

reindeer which escape ~i~~ wild reindeer in t~e USSR ~y be more 

susceptible to both human and natural predators. Consequently, 

escaped reindeer could theoretically enhance the gr~~ of wild 

Rangifer populations by acting as a buffer to predation or as 

potential breeding sto~~. The genetic mixL~g of domesticated and 

wild stocks of Rangifer may not be desirable, however, as discussed 

by a number of au~ors (Murie 1935, Bee and Hall 1956, Skoog 1968). 

Estimated reindeer losses to caribou since the 1950's are shown in 

Table 38. In comparison wit~ the population size of ~~e WAH, ~~e 

increment of reindeer to the herd since 1950 has been ext:emely 

small. Consequently, the effect of ingresses of escaped reindeer 

on ~~e herd's gro~~ since 1950 has probably been negligible and was 

not considered in the model. 
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5. QUALITY OF TEE tv'"ES~R&.'l P...RCTIC HE:RD 

This section summarizes data available on herd quality in 

the \"lAB. This information is useful in subsequent discussion in 

conjunction with modeling the herd, as well as useful in demonstrating 

the paucity of knowledge available on relationships between the 

population dynamics and the overall condition of the caribou. 

Placental retention, mandibular lesions, body fat reserves during 

winter, mandible len~~s, and reproductive rates are five possible 

indices of herd quality. 

a. Incidence of Placental Retention at Parturition 

A relatively high incidence of placental retention during 

parturition was detected in the ivAH during t!'l.e early and mid-1960's 

(Neiland et al. 1968). While a multitude of factors may be invol•red, 

Neiland (1972) identified brucellosis, leptospirosis, and arbovirJses 

as possible pa~~ogens. ar~cellosis was shown to be at epidemic 

portions in the !flAH during this period (Heiland et al. 1968, Skoog 

1968). Since a substantial proportion of calves are'lost to females 

exhibiting placental retention (Neiland et al. 1968, Neiland 1972) , 

outbreaks of su~~ disorders could directly influence the population 

dynamics of ~~e herd. Neiland et a1. (1968) have suggested a 

relationship between poor nutrition and the high incidence of 

br..lce11osis and metritis-abortion in the ~'lAM. Since 1968, the 

overall obserJed incidences of retained placentas have been less 
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than 2 percent (Neiland l9i8) compared to i~cidences of 3.4 and 

5. 0 percent in 1963 and 1965, respecti'rely (Neiland et al. 1968) . 

b. Mandibular Lesions 

Approximately 7 percent of the 1959-61 Cape Thompson mandible 

colleceion exhibited osseous lesions (Doerr and Dieterich, in press). 

This incidence compares closely with the occurrence reported in ~~e 

WAH from 1961-64 (Skoog 1968) and is the highest known incidence of 

mandibular lesions reported for free-ranging caribou herds in No~-~ 

America. While Doerr and Dieterich (Ibid.} have postulated ~~at the 

high incidence of lesion~ may be related to range or herd quality, 

this relationship remains to be verified and significantly lower 

incidences of mandibular lesions since 1964 have not been demonstrated 

(Ibid.). 

Mandibular lesions found in WAH caribou a.~ believed to be the 

result of dental abscesses, trauma, and periodontal disease and are 

generally chronic in natu:e {Ibid.). Since the incidence of lesions 

is highest in 7+ caribou (Ibid.), mandibular lesions may i~fluence the 

mortality.rate of old adults in the herd. 

c. Bodv :'at F.eser'J'es durina i-iinter 

In the early and mid-1960's, hunters indicated ~~at animal's 

taken du:inq the fall and winter had low body fat reserves compared 

with the 1950's (Skoog 1963, 1968; Lentfer 1965; !1cGowan 1966; 

Glenn 1967). In 1967, hunters reported ~~at animals were in better 
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condition than previous years (Hemming and Glenn 1968) . Winter 

femur fat percentages for 1975-76 shown L~ Table 27 indicate good 

fat reserves compared to other studies (Dauphine 1976). No 

extensive over..rinter mortality of cari.bou due to starvation has 

been demonstrated in the WAH; however, winter reconnaissance prior 

to 1975 has been extremely limited. 

d. Mandible Length 

The lengths of the mandible and ~~e diastema in wild cervids 

are influenced in part by the quality of the animal's range, •..rit...~ 

longer mandible and diastema len~~s occurring among animals on 

higher quality ranges (Klein and Strandgaard 1972, Reimers 1972). 

Skoog (1968) has shown t...~at adult mandible lengths, as well as total 

body weight, total body length, hind foot length, antler length, 

and metacar:tal and femur leng~~s are smaller for WAH caribou than1 

they are for ot.~er Alaskan caribou. The influence of heredity •rersus 

environment in influenci~g the size of caribou in the WAH is 

uncertain. 

An additional phenomenon of the \~AH is that considerable o•1erlap 

is found between the mandible lengths of mature adult males and adult 

females (Doerr, in prep.) compared wit.~ virtually no overlap between 

sexes of caribou in the Nelchina Basin (Skoog 1968) , Newfoundland 

(Berqerud l964a) 1 Labrador (Bergerud 1967) , and the barren grounds 

of Canada (Miller 1974). Again, such a relationship may be related 

to heredity. E. Reimers (pers. comm.), however, has found indications 
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~~at the di!!erence be~deen mala and female mandible and diastema 

lengths in wild reindeer herds in Norway may vary with the quality 

of the range. There range conditions show greater influence on 

skeletal growth for males ~~an is t--ue for females. This phenomenon 

is supported by research on ~~e SHIH (Klein 1968) . There the body 

weights of the reindeer were larger than their parent stock by 24 to 

53 percent among females and 46 to 61 percent among males in 1957, 

13 years after the introduction to the island. By 1963, when ~~e 

range had deteriorated considerably, the average body weights had 

decreased from 1957 by 39 percent for adult females and 43 ~ercent 

for adult males. Similarly, the differences between 3+ male and 3+ 

female skeletal measurements, such as hind foot leng~~, total length, 

and the len~~ of the longest antler beam, decreased from 1957 to 

1963 by 67, 72, and 15 percent, respectively. The greater increase 

in size of males relative to females among caribou on improved range 

can be explained by the following: 

1) Onder conditions of improved range quality, increased 

gro~~ L~ body size among fa~ales is hampered somewhat 

by the increased energy requirements imposed by an earlier 

age of conception and lactation (Rei!:lers 1972, pers. -::omm.). 

2) A shorter length of time is required for skeletal growth 

in females than in males (Skoog 1968, Dauphine 1976). 

Thus males can increase their body size relative to 

females over a longer period of t~~e on high ~~ality 

range. ~~s idea is supported by the findings of Da~phine 

(Ibid.) ~~at the skeletal measurement wi~h the least 

I 
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amount of overlap bet~een males and female barren 

ground caribou are frcm bones which mature at a 

relatively late age. 

Consequen~ly, the overlap bet~een adult male and female mandible 

len~~s in ~~e 'A.AH (Doerr, in prep.) may be ~~e result of a poor 

quali t:y range. 

Table 39 presents available data on :nandi:ble lengths in the \i'AH, 

grouped by age classes to be comparable ~'lith data from Skoog (1968). 

From Table 39, it can be seen ~~at ~~e absolute difference in average 

mandible len~~s between 6 to 9 year old males and females is 2.1 

times greater in ~~e 1961-64 collection than it is in the 1959-61 

collection. Also, the average mandible length of 3 to 4 year old 

males in the 1959-61 collection was as large as the average for 5+ 

males in ~~e same collection (Doerr, in prep.). Since mandibles of 

males continue to grow until at least 6 years of age (Skoog 1968, 

Dauphine 1976) , ~~e increase in adult mandible lengths may indicate 

that range conditions have improved since about 1956. If the body 

size of males act~a11y increased during the late 1950's and early 

1960's, it occurred in conjunction with high popula~ion levels. 

This would seem to support findings by Cowan and ¥-lood ( 1955) and 

Klein (1964, 1968) that growt.h of <.rild IJ.."'lgulates are more influenced 

by qualitative and quantitative aspects of food supply rather than 

actual popula~ion densities. Since the mandible lengths of 3+ females 

in the 1959-61 and ~he 1961-64 collections are similar (Table 39) , 
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L~proved range conditions (based on increased male mandible 

len~~s) may indicate earlier average conception rates for females 

since 1956, given the arguments presented above. on=ortunately, 

data on body measurements and age-specific reproductive rates in 

the WAH are not available over an extended time period. 

e. ReProduC":ive Rate 

Lent and L¢n¢ (1962) estimated ~~at 30 percent of the 3+ adult 

females were not pregnant during spring 1961, a year which ~~ey 

considered had an abnormally low calf crop. Skoog (1968) estimated 

a pregnancy rate for 4+ females at the start of the calving period 

of only 78 percent, based on late winter examinations of 130 animals 

in 1963 and 1964. McGowan (1965) found 83 percent of 196 2+ females · 

examined during late winter in 1965 were pregnant, a proportion compar­

able to the increasing phase of ~~e NCi (Skoog 1968) . The average 

fall calf percentages observed since 1970 (Table 36) are higher ~~an 

those for 13 other mainland ~orth ;...merican caribou herds given by 

Bergerud (1974c). Since fertility and initial s~riva1 have been 

shown to be influenced by range conditions in many ungulate populations 

(Cheatum and Severinghaus 1950, Klein 1970, Reimers 1972, Chapter 3), 

range and herd quality in the Wp~ since at least 1970 should presumably 

be L~ good condition, based on the above. 
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f. Conclusions 

An examination of a number of possible indices does not reveal 

a consistent pattern of herd quality over time in t~e WAH. This may 

be partially due to ~~e limited data available. Placental retention 

and mandibular lesions occurred at relatively high incidences in the 

early to mid-1960's, the prevalence of the former declinL~g in the 

late 1960's. The condition of ~~e animals, based on hunter observa­

tions, is believed to have been relatively poor from 1960-66; 

however, no extensive die-offs of animals due to starration were 

detected. The overlap in adult mandible lengths between males and 

females may be a reflection of poorer range quality in the WAH. The 

apparent increase in the length of adult male mandible lengths L~ 

the late 1950's and early 1960's suggest improved range conditions 

during a period of high population levels. Initial productivity for 

the herd in 1960, 1962, and 1965 (Lent l966b, McGowan 1966) seems 

comparable with ~~e increasing phase of the NCH, lower reproductive 

:ates were !o~~d L~ 1961, 1963, and 1964, and cal£ production in 

the 1970's appears high L~ comparison wi~~ o~~er mainland North 

American caribou herds. While some of ~~e above indices suggest 

poorer range conditions in comparison to o~~er herds, no evidence of 

a decrease in herd quality from 1960 to l9i6 was fo~~d. 
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6. 	 D~l.ELOPING ~ POPu~T!CN MODEL FOR TEE 
w"ESTE.P.N ARCTIC HERD (1961-76) 

The objectives of modeling the population dynamics of the 

WAH are: (1) to generate population statistics, such as natural 

mortality rates, to compare over an extended period of time; and 

{2) to determine ~~e results of different assumptions and var1ing 

maqnituces of mortality and reproduction rates. The limited demo­

graphic data and their uncertainty seems to justify ~~e use of the 

same simple population model as was used for ~~e NCH (?igure 8) . 

Specific components of ~~e model are dis~sed below. 

a. 	 Peculation Size and Composition 

Various starting populations were used for the fall of 1961 and 

1970 (the beginning of ~~e model's runs). Herd composition was 

estimated for 1961 and 1970 as described previously. Starting fall 

sex ratios of calves and yearlings in the '.~ were assumed to be 

50:50 {see pp. 76-77). 

b. 	 ?.ecr.:dt:nent of Calves 

Recrui t:me.nt of calves in subsequent years was entered in t..~e 

model as a fall percentage either derived directly :rom Equation 27 

or assumed to equal 20 percent. The latter assumption was used to 

simulate the possibility that the !all percentages of calves were 

higher from 1961-70 than the limited data suggested. 
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c. ~atural Mortalitv and Wolf ?~edation 

Natural mortality and wolf predation rates we~e generated 

as described pre•1iously (see pp. 61-62, 225-231). '!'he ,,..olf predation 

estimate was multiplied by different constants to invoke various 

assumptions regarding higher or lower wolf predation rates. Wolf 

predation nonselective for calves was simulated by assuming ~~e 

proportion of 5 to li month old calves among caribou older than 

5 months of age L~ ~~e diet of wolves equaled the proportion of 

calves in ~~e fall population. This assumption is supported by the 

findings of oavis and Valkenburg (l9i7). Calves from 0 to 5 months 

of age were not included in the wolf predation rate. The implications 

of overwinter wolf predation with selectivity for calves is discussed 

L~ connection with specific model runs. 

d. Mortalitv CUe to Huntina 

The estimates of human harvest (Tables 23 and 25) were used as 

minimum es1:imates of t..~e mortality in ~1-J.e ~'lll..H due to hunti.~g; the 

estimates •...rere increased by multiplying ~"le "k.'"l.own" harvests '::Jy 

various constants to reflect wo~'"l.ding loss, waste, and unreported 

ha..rvest. "K..'"l.own" harvests for 1961-63 were assumed to equal 20,000. 

The composition of wounding loss, animals not retrieved from the 

field, and unreported kill was assumed to be the same as that of the 

harvest, except that lS percent of animals killed and left in the 

field were assumed to be calves (Table 26). The following ass~~tions 

were made regarding the composition of ~~e h~'"l.te~-killed ca~ibou: 
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l) 	 One-third of the cal•res in tt'le har..rest were k.:.lled 

prior to the fall composition counts. This 

proportion was excluded from ~~e model. 

2) 	 Harvest parameters for l+ cohorts assumed all hunting 

mortality occurs after the start of the model's year 

(mid-October). This assumption was made since ~~e 

composition data is extremely limited and the harvest 

chronology is poorly understood in most years. 

3) 	 Thirty-eight and 21 percent of the calves and yearlings, 

respectively, were males (Tables 29 and 30). 

4) 	 Six and 8 percent of the "known" harvests were calves 

and yearlings, respectively. (These figures were 

obtained by combining all harvest collections from 

th,e WAH.) 

5) 	 For those years with no available harrest collections, 

an estimated 56 percent of all 2+ animals in the "known" 

harvests were females (Table 28). 

e. 	 !mmicration and E:m.icrration 

No evidence of immigration or emigration in the WAH has been 

documented from 1960-76, although some loss to or ingress of an~~ls 

from other caribou herds, primarily the Porcupine Herd and the 

central Arctic Serd, could have occurred undetected. Due to lack 

of evidence, immigration or a~igration was not entered into the 

model. The simulation modeling of the WF~ from 1961-76 was broken 
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into t~o ~e periods--1961-70 and 1970-76. The results are 

given in the following t~o sections. 

7. l?OPUI...ATION MODELING OF THE WEST:Em-t ARCTIC HERD FROM 1961-70 

a. Results of Model Runs 

The results of population simulations ara given in Table 40. 

~ starting population of 200,000 animals in 1961 would have declined 

far below the minimum estimate of 242,000 in 1970 (l?egau and Hemming 

1972) (Runs WAHl and ~iAH2). A starting population of 250,000 ·..;rould 

have increased only if natural mortality rates were extremely low and 

calf percentages •..;rare higher than suggested by Equation 27 (Runs WAH3 

through WAH6); in either case, higher fall yearling/2+ female ratios 

than were observed in the composition counts would occur (Run NAHS). 

S~larly, a starting population of 300,000 could only increase if 

woundin<;!' loss, waste, and ''unreported" kill were relati•rely small, 

calf percentages were higher ~~an predicted by Equation 27, and 

over..;rinter survival did not greatly exceed the values observed by 

Skoog (1968) for the NCH (Runs WAH7-8). Run WAH9 (Table 40) 

represents a run with a starting 1961 population of 300,000, "high" 

fall calf percentages, wolf and hunting mortality rates that are 

considered "realistic," and natural mortality rates, modified f=cm 

Skoog (1968). This run fits the population data, but again the 

yearling/2+ female ratios generated are considerably higher ~~an 
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those suggested by ~~e limited fa~~ composition counts. Doub~ing 

the estimated wolf popu~ation with the above set of condi:ions 

would produce a rapidly declining population (Run WAHlO) . 

Simulations WAH~-13 demons~ate population projections for 

t!'le WAH that "approximate•• the population and composition data 

available on the herd for that time. If 30 percent of ~~e "'k..~own 1' 

village harvests of caribou equals ~~e number of unreported cari=ou 

killed by hunters (i.e., wounding loss, non-retrieved animals, kill 

by nonresident hunters), and if the wolf predation estimates described 

previously are realistic, ~~en a starting population of 350,000 animals 

in l96l would decline below the observed popu~ation level in 1970 

unless calf percentages from 1961-70 were higher ~~an predicted by 

Equation 27. Run ~mH13, based on assumptions that 20 percent of the 

herd in the fall are calves and ~~at a natural mortality rate of 

0.30 for calves from 5 to 17 mon~~s of age prevailed, closely fits 

the avai~able demographic data, particularly the observed yearling/ 

2+ fema~e ratios for ~~is time. If w6lf predation for calves from 

S to li months of age is quadr..1pled in ;tun NAH13, natural mortality 

rates of 0.18 for the c~f cohort would produce similar results. 

A starting population of 400,000 animals would decline only 

slightly given natural mortality rates si-~lar to ~~e increasing 

phase of the NCS (Skoog 1968), calf percentages generated from 

Equation 27, and esti~tes of wolf predation and hunting morta~ity 

which are considered realistic (R'...to~ \'l'A..i:il4). Runs ~-JA..~lS and '1'7A.Hl6 
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represent "close fits" to t..1.e population and composition data, 

given respective low and high fall calf percentages. auns WAH17 

and WAH18 are· simulations using natural mortality rates modified 

from Skoog (1968) , together wi~1. a wolf predation rata twice as 

high as that described in the text and low and high fall calf 

percentages, respectively. These two respective simulations 

produce a rapidly declining and a slowly declining herd. 

b. Discussion 

Given t..1.e uncertainty of the demographic data, especially 

the fall herd size in 1961, the decline or stabilization L~ the 

population size of.the WAH from 1961-70 can be explained by a number 

of different assumptions concernL~g various mortality factors or 

reproductive rates. However, if the estimate of wolf predation, 

human harvest, and the obser;ed yearling/2+ female ratics (Table 37) 

used in the model are realistic, and if no ingress of animals into 

t..1.e WAH occurred, t..1.en Table 40 indicates that the herd size in t..1.e 

fall of 1961 was probably at least as high as 350,000 to 400,000 

animals. This possibility becomes even ~ore lL<ely if Equation 2i 

reflects actual fall calf percentages for t..1.e years 1962-70. Su~1. 

a population size is in agreement with the 1964 estimate by Skoog 

(1968:295-296). 

Lent (in litt.) has noted that a population as large as 

300,000 l+ adults would imply that only one-half of the herd was 

co~~ted during the summer of 1962 (Lent 1966b) and t..1.at cnly 
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one-fourth of ~~e herd was counted during winter reconnaissance 

f~ghts in the early 1960's (Lent and L¢n¢ 1962). Since ADF&G 

estimates of caribou killed by hunters are low (Chap~er 5) , ~~e 

actual wolf predation must ~ave been considerably lower ~~an 

estimated in the model, reproductive and natural mortality rates 

must have been high (invalidating the composition data) , or 

immigration must have been substantial for Lent's (l966b) population 

estimate to be correct. The limited data presented earlier do not 

seem to support ~~ese requirements. Undoubtedly the actual herd 

size and population trend during ~~e 1960's will remain an 

arguable point, depending on which of the various pieces of data 

one wishes to accept as reliable. 

Runs WAHll, WAH13, ~iAHlS, and WAH16 (Table 40) represent 

possible population projections of the \·7AH from 1961-70, assuming 

an early 1960 population close to that estimated by Skoog (1968). 

These runs suggest that the average wolf predation rate on caribou 

older ~~an 5 months of age ranged from 3 to 4 ~ercent, while the 

average annual h~~ting mortality rate on 2+ males and females ranged 

from 10 to 13 percent and 10 to l2 percent, respectively. The wolf 

predation rates L~ these runs are comparable to the 1962-69 period 

in the ~Cd; ~~e hunting mortality rates on adult males are slightly 

less than the estimated 1954-62 hunting mortality rate in the NCH, 

while the hunting mortality rate on adult females is bounded by the 

estimated mortality rates for adult females in the NCH for the 
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period 1962-69 and for ~~e period 1969-72. nunting ~ortality 

rates for male and female yearlings were ap9rcximately 2.8 and 10.5 

percent, respectively. The estimated hunt~~g mortality rate on 

calves older ~~an 5 months of age in the WAH during this time is 

relatively small (2 to 4 percent). 

It seems apparent from Table 40 that, if the herd composition 

data is reasonably accurate, ~~en either the rate of initial calf 

production, the rate of calf survival to the fall, the rate of 

overwinter natural su_~ival of calves, or a combination of the above 

rates were lower in the WAH from 1961-70 compared with the NCH 

during its increasing phase from 1954-62. As was the case in ~'le 

NCH, wolf predation does not appear to be able to solely account for 

the observed yearling/2+ females ratios if reproduction and natural 

survival rates had been relatively high. For example, the average 

wolf predation rate in Runs WAHl3 and W~~l6 are 4 percent, whereas 

the average natural overwinter mortality rate of calves used in these 

runs to closely fit the observed yearli~g/2+ female ratios range :rom 

30 to 43 percent. These natural survival rates are similar to ~'le 

wide range of estimates for the NCH from 1962-69 (the period of ~~e 

herd's peak and beginning of its decline). The data available on the 

NAH are insufficient for accurately calculating natural mortality 

rates of cohorts older than calves from 1961-70; the calf mortality 

rates given above for the WAH should not be greatly affected by the 

possible error in the natural mortality rates of adults used in the 
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model runs providing ~~e yearling/2+ females ratios used to 

'lalidate ~"'le model represem: t.he actual ratios i.n the herd. 

Finally, it should be noted that model runs i'lAHll, WAH13, 

rN'AHlS , and N'AH16 suggest a declining herd size since 1961-63. 

This may partially result from the use of averaged natural survival 

rates for the period 1961 to 1970. However, since the magnitude of 

hunting and wolf predation apparently increased from ~~e early to 

mi.d-1960 1 s, the liAR may 'N"ell have "peaked" during the early 1960 1 s 

or perhaps earlier. Given the limited demographic data, the exact 

magnitude and timing of the "peak" of the WAH is uncertain. 
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8. POPOI..;\TION MODELING OF THE NES"n:ro-T ARCTIC HERD (1970-76} 

The population dynamics of the herd during the period 1970-76 

was modeled in the same manner as described in the pre"tious section. 

The results of those model simulations from 1970-76 are given in 

Table 41. Model simulations using natural mortality rates modified 

from Skoog (1968) for t..i.e increasing phase of t..i.e NCS (Runs ':'i'AHl9-26} 

could explain the observed population decline of t..~e herd if the herd 

numbered only 250,000 animals in the fall of 1970 and t..i.e estimated 

wolf predation rate was doubled (Run 1ti1AH2l) or the "known" harvest 

estimates were increased by 80 percent to account for wounding ~oss, 

•iiaste, and unreported harvest (Run ~·1AH25). Both of these requirements 

produce considerably higher percentages of yearlings and higher 

yearling/2+ female ratios t..i.an were obserred in tb.e composition 

counts. This suggests t..i.at t..i.e natural mortality rates of calves 

from 5 to 17 mon~i.s of age in t..i.e ~1AH from 1970-76 were higher t..i.an 

the natural mortality rates during the increasing phase of the NC:i. 

In addition, t..i.e percentage of ~lio-year-olds in 1975 generated by 

these model runs are considerably higher than the percentage found in 

t..i.e 1975-76 harvest colle~ion. Such a difference could be accounted 

for by percentage hunter selectivity of approximately -40 in 1975-76 

(caJ.culated using percentages of two-year-olds generated in Run W:P..H21). 

Whet..i.er or not hunter selecti•Tity agai.."lst t·N"o-year-olds is that high 

in the WAH is uncertain. 
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Runs >iAH27 and NAH28 (Table 4l) represent simulations '.Yhic.h. 

"fit" the lil:nited demographic data. These t"IIO s:L-nulations suggest 

a substantial natural mortality rate for caribou from 5 to 17 months 

of age of 0.30 to 0.70 percent, at least in ~~e years from 1974-76 

when herd composition data were available. Wolf predation can 

account for the apparently higher over~tinter natural mortality rate 

of calves in ~~e years 1974-76 compared to the rates modified from 

Skoog (1968) only i£ the estimated wolf predation on calves from 

S to 17 months of age is increased by over 490 percent in Runs 

WAH27 and 29. Similarly, if the significantly lower percentage of 

two-year-olds in ~~e 1975-76 harvest collection is indicative of a 

lower percentage of two-year-olds in ~~e herd, the natural mortality 

of yearlings from 17 to 29 months of age may have been relatively high 

durL~g the rapidly declining phase of ~~e WAH (Runs WAH27 and 28) • 

The high average hunting mortality rates from 1970-76 for adult 

females (estimated at 19 to 25 percent) is comparable to ~~e estimated 

average hunting mortality rates on adult females during the rapid 

decline of the NCi from 1969-72. HuntL~g mo~ality rates of adult 

males from 1970-76 L~ the WAH (estimated at averaging from 28 to 33 

percent) are lower than the estimated nunting mortality rates of 

adult males from 1969-72 in the NCi; ~~is results from high hunter 

selectivity for adult male caribou only during the early fall in ~~e 

WAH. Such hunting practices should not produce widely distorted adult 

sex ::-atio as 'N'ere observed in the NCH. .!\.verage \oJOlf p:-edaticn rates 
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on caribou from 1970-76 were estimated at approximately 6 percent, 

or 29 percent of ~~e average estimated hunting mortality rates 

(derived f:om Runs ;VAH27 and 28). 

A tragic part of the decline of the WAH was the high incidence 

of human waste of healthy, productive caribou by some subsistence 

use::s. If 20 percent of the "known" harTest represents the number of 

caribou ~~at were killed and not utilized by humans and ~~at died as 

a result of wounding loss due to reckless hunting practices (i.e., 

shooting at moving groups of animals frcm long distances, reluctance 

to attempt to locate wounded animals), and if Run WAH28 represents 

the actual decline of ~~e WAH from 1970-76, then Run WAH29 predicts 

~~at therg would have been 75 percent more caribou in the fall of 

1976 if the above waste had been avoided. !t should be evident that 

the low population size of ~~e WAH in 1976 was to some degree the 

result of the extremely poor hunting ethics on the part of certain 

subsistence users. 
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9. 	 POPUI...dTION ~·!ODE!.!NG OF THE WESTERN .r...RCT!C HE.RD (1976-1996) 

Modeling in the previous section indicates that ~~e sharp 

decline and present numbers of WAH cari~ou were created by excessive 

predation (primarily from hunters) • Apparently, the range of t.he 

herd can support greater numbers of caribou than presently occupy 

it. Thus, if predation by humans and wolves is reduced to a low 

enough level, the herd presumably should begin to L~crease. The 

latter assumption has been supported by high calf production and 

survival in the summer of 1976 (p. 229), as well as apparently high 

survival of calves during ~~e following winter (J. Davis, anp. 

ADF&G Data) . Allowing the v~ to recover to a higher herd size as 

rapidly as possible in order to provide greater sustained harvests 

seems to be the primarJ objective of management. The Pll-'>"POSe of 

this section is to analyze ~~e effect of various management 

alternatives on the population dynamics of the herd. 

a. 	 Difficulties with Predictive Modelina 

The principal difficulties inherent in trying to predict future 

trend~ of ~~e NAH are as follows: 

l) The starting values are subject to a considerable 

degree of uncertainty; 

2) 	 Harvest strategies formulated may not in practice 

be met (i.e., illegal take, wounding loss); 
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3) Factors, su~~ as recruitment of calves, •NOlf 

predation, natu.ral SurJ"iYal, and i!mn.igration or 

emigration, are difficult to accurately deta~ne 

and may vary from year to year; 

4) Compensator] factors ~~at may be operative on the 

herd are poorly, if at all, understood: 

5) ValidatL"lg the ouccome of manage..>nent strategies 

may be difficult, given the ''state of the art" of 

estimating caribou numbers. 

Thus the uncertainty of the input into the model creates a 

vast array of possibilities regarding ~~e outcome of any one 

management strategy. 

b. Simulatinc Fut~e Trends 

Mindful of the above ~entioned difficulties, modeling of the 

WAH from 1976-1996 was done in a simplistic fashion by assuming a 

constant condition of natural mortality rates, of recruitnent, and 

of 'NOlf predation for each run and V~Jing the starting population 

size in 1976. Compensatory factors 'N'ere assumed to be negligible. 

Thus the model run ''predicts" future trends only if the set of 

conditions used L"l ~~e model are actually operative on the herd, 

the harvest strategies are correctly met, and the starting herd size 

is known. A series of such simulations is useful for gi•Ting insight 

into possible trends of the herd given various sets of input; 

intensive monitoring of the herd will be necessary to determine 
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which set of conditions are actuall'l operative on t~e herd from 

year to year. The same model used in the previous sections 'liaS 

used to simulate future trends of t."le \•1AH, except that rec:::uitment 

was entered as a ratio of 55 calves to 100 2+ females rather t."lan a 

fall percentage. 

It should be obvious that, wit.~out compensator/ factors and 

given a set of recruitment and natural survival ~ates that produce 

an increasing herd, the herd will increase most rapidly with zero 

mortality from predation. Consequently, if the objective is to 

allow t."le herd to increase as rapidly as possible, hunting should 

be stopped and wolf predation minimized until the desired he~d size 

is reached. Such a strategy would provide larger total harvests 

over an extended period of time than management plans that allow 

some human harvest (see Bos 1974a) . 

'I'o evaluate the effect of various har-rest strategies on t."le 

herd, the following were considered: {l) no harvest, (2) 3,000 

2+ males, (3) 6,000 2+ males, (4} 3,000 eit.i-ler sex, (5) 1,000 year­

ling males and 9,000 2+ males, (6) 6,000 eit."ler sex, and (7) 10,000 

eit.~er sex. The composition of har:ests of bot.i-1 sexes were assumed 

to equal the average harvest composition frcm 1970-76. The above 

harvest strategies are ranked in order of increasing effect on 

decreasing the rate of increase of the he~d in the model runs 

(Table 42). 
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The effec~s of four levels of wolf preda~ion and ~~ree sets 

of natural mo~ality rates on the herd's growth were simulated. 

Model runs were evaluated by whe~~er ~~e herd increased, decreased, 

or stabilized and whether or not ~~e 2+ male to 2+ female ratio of 

~~e herd dropped below 30/100, a level which could potentially dis~pt 

the breeding success of the herd. The results of model simulations 

from 1976-1996 are given in Table 42 and are discussed below under 

separate sections dealing with specific levels of wolf predation. 

(l) "High" wolf predation 

Given an annual wolf predation rate of 13,492 caribou older 

~~an 5 months, herds of 65,000 or of iS,OOO animals would continue 

to decline, even with high natural su_~ival rates and no ha-~rests. 

A herd of 90,000 animals would increase or stabilize only with 

good natural survival rates and very limited hunting. 

With an annual wolf predation rate of 10,119 caribou older 

~~an 5 months, a herd of 65,000 animals could increase only wi~, 

very high natural survival rates and no 'hunti."lg (a harvest of only 

3,000 males •.vould cause the herd to decline--Run WAH39). A herd of 

75,000 animals would decline given the above wolf predation level 

and relatively low ove~~in~er surrival of calves (R~"l W~~47J or 

high surrival rates and a hucan har-vest of 6,000 adult males (Run 

rNAH43). A herd of 90,000 animals would stabilize with relatively 

low over.vinter surri~ral of cal•1es and no hu."nan harrest (Run WAH60) 

and increase with high over-.vinter natural sur:ival rates of calves 
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and a har;est of 3, COO a."li.:nals of either sex (Run \'lA.H49) or 

6, 000 aduJ. t males (Run i'lA.HSO) ; the latter harvest •..rould cause 

~~e 2+ male/2+ female ratio to temporarily drop as low as 0.27. 

(2) "Moderate" ·110lf oredation 

Given an annual wolf predation rate of 6,746 caribou older 

than 5 months of age, ~~e possible combinations of initial herd 

sizes, natural mortality rates, and ha_~est strategies that allow 

the herd to qrow are g~eatly increased. At ~~is level of predation, 

the herd would increase in the absence of hunting, even with 

relatively high overwinter natural mortality of calves a."ld a 

starting population of 65,000 animals (Run HAH70). Harvests of 

3,000 males and 6,000 males, together with high over..rinter natural 

mortality of calves, would cause herds of 65,000 (Run tNAH7l) and 

75,000 (Run WAH85), respectively, to decline. Harvests, as high 

as 6,000 animals of ei~~er sex, 'N'OUld still allow the herd to increase 

given a starting herd of 90,000 animals and high overwinter natural 

survival rates (Run WAH89). tii~~ relatively low natural sur;ival 

rates of calves, a harvest of 6,000 males would cause the 2+ male/ 

2+ female ratio to drop to as low as 0.07 (THAH97), while a harvest 

of 6,000 animals of either sex would cause the herd to decline 

(WAH99) • 
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(3) "!.ow" 'N"Olf oredation 

Given a wolf predation :ate of only 2,o98 caribou older than 

5 months of age, a herd of only 65,000 animals would increase, 

even wit.~ low overwinter survi1tal of calves and a ha...,...,est of 3,000 

males (Run rHAHll3). With the above wolf predation level and high 

overwinter survival of calves, herd sizes of 65,000 and 75,000 

caribou could support ha..-:.rests as high as 6, 000 animals of either 

sex (Runs WAHlOS and WAH120) and still increase, while a herd of 

90, 000 caribou could support a harvest as high as 10 , 000 animals 

of either sex (Run WAHl35). Such harvests w·ould delay t..'le time it 

takes a herd to reach a fall population of over 120,000 animals 

compared to no harvest, by 6, 7, and 5 years, given an initial 

starting population of 65,000, 75,000, and 90,000, respectively. 

c. Conclusions 

The future status of the Y.1AH depends on the level of 'N'Ol.f 

predation, natural mortality, recruit..~en~ rates, and hunting 

mortality rates that a:e operative on the herd. Table 42 lists 

various combinations of t..~e above that have increasing, decreasing/ 

and stabilizing effects on the herd's growth. Under "high" levels 

of 'N'olf predation and "good" natural survival ra~es the herd could1 

decli:1e even in the absence of hunting. "!.ow" survival rates of 

calves with "moderate" wolf predation could likewise cause the herd 

to decline with only limited hunting pressure. ~e effect of limited 

hunting en t.1.e herd's gr01Nt.'l could vary frcm causing an ot..'ler.vise 
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inc=easL~g herd to decline or accelerating ~~e herd's decline to 

delaying the herd's increase to a given level by several years. The 

impo~ance of ac~~ate and precise population estimates in planning 

management strategies for ~~e herd is evident when evaluating the 

effect of har;est strategies on herd sizes of 65,000, 75,000, and 

90,000 (Table 42). Until the size of the WAH is better known, the 

lowest estimate of herd size should be used for management purposes. 

No hunting should be allowed until the rates of wolf predation, 

natural mortality, and recr~itment have been measured precisely and 

are definitely high enough to support ~~e hunting pressure and still 

allow the herd to increase (the management objective). A wolf 

predation level of only 2,700 and 6,700 caribou older than 5 months 

of age would greatly accelerate the herd's rate of increase compared 

to higher wolf predation levels. The decreased individual wolf 

predation rate could potentially result from wolves switching to 

alternative prey species (and hence maintaining their popula~ion 

n1Jll'lbers as in the NCH) and/or reducing thei.r total food intake (and 

hence suffering reduced reproductive success and L~creased mortality 

of adults (Mech 1977) J. In ~~e absence of "natural" controls on 

wolf predation, aerial hunting of wol•res could be an effecti·;e, 

and perhaps necessarJ, me~~od of allowing ~~e herd to increase while 

still maintaining lL~ted hunting. 
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Modeli..."'lg of the WAH suggested a gradual· decline f:::-om 

approximately 350,000 to 400,000 animals in l96l to approximately 

250,000 to 300,000 animals in 1970 followed by an accelerated 

decline to 60,000 to 100,000 animals in 1976. A combination of 

natural s~~ival rates of approximately 0.25 to 0.40 for caribou 

from 5 to 17 months of age, togetb.er with relatively "high" hunting 

mortality and "moderate" •.rolf predation, is a possible explanation 

for the herd's decline during the sixties. Reduced fall percentages 

of calves, believed to result from lower conception rates and/or 

natural survival of calves to 5 months of age, may also have 

contributed to ~~e herd's decline during that period. From 1970 to 

1976, the rates of hunting mortality and wolf predation increased; 

~~is predator-prey relationship caused the herd to rapidly decrease. 

Both the 1975 and 1976 composition data and the decreased proportion 

of t"..ro-year-olds in the 1975-76 harvest collection suggest relati'lely 

high natural mortality rates L"'l the younger age classes of caribou 

during this time, an additional factor cont:::-ibuting to the herd's 

rapid decrease. 

Fall cal! per::entages •..-ere high in the 3 years of data collection 

during the period 1970 to 1976, suggesting that mortality of animals 

older than 5 months of age was the chief dampening factor on the herd 

during ~~is time. The estimated hunting mortality was over three 

http:togetb.er
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times greater than the estimated wolf preda~ion on anL~als 

older ~~an S mon~~s of age. 

The future of the herd will depend on its reproductive success, 

natural survival rates, wolf predation, and hunting mo~ality. 

Prediction of future trends and the possible effects of harvest 

strategies is hampered to a degree by the wide uncertainty of the 

herd•s population size. Human harvest has been greatly limited since 

the 1975-76 season and a lower magnitude of wolf predation from that 

estimated in ~~e model runs from 1970-76 may =e necessary if the 

herd is to increase very rapidly in the immediate future. 



~...APTER. 8. CONCLUSIONS 

Specific conclusions of the individual chapters have been 

previously given in the chapter summaries. The following is a 

synthesis of those conclusions, some management implications, and 

future research recommendations. 

A. POPUI.ATION DYNAMICS OF ALASKAN CARIBOU HERDS 

Despite the limitations of ~~e available data, several 

conclusions regarding herd dynamics could be ascertained through 

deterministic modeling. The findings form the basis for the 

schematics of herd growth presented below. 

l. CARIBOU WITHOt,;"T PREDATION 

Under conditions without predation, caribou and reindeer will 

presumably increase L~ numbers until external forces halt increases 

and possibly cause abrupt declines. On predator-free islands over­

winter mcrtality related to the relative abundance of food has been 

the chief regulating factor of Rcngifer populations {Klein 1968, 

Reimers 1977). The role of disease and parasites in regulating n~~ers 

is poorly :~~own: some diseases and abnormalities, such as b~~cellosis 

and mandibular lesions which occurred at :-elati·;ely high incidences 

274 
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in the WAH duri.."lg its "?eak," may be ?roxi.:.nat:ely associated ';>lit.;,. 

the quality of ~~e range (Neiland et: al. 1968; Doerr and Dieterich, 

in press). Thus range appears to be the ultimate regulating factor 

on caribou in predator-free environments. 

As herd size increased (and presumably absolute forage abc.ndance 

and quality deteriorated) , a decrease in the production and/or natural 

survival of calv~s to mid-summer or fall occurred in the SMIE (Klein 

1968) and the NCH (?P· 104-111). Fossible factors responsible for 

this decrease include lower conception rates, increased neonatal 

mortality, increased incidence of abandonment, increased incidence 

of ;?lacental retention, increased social aggression, and smaller and 

weaker calves at parturition. Further evidence of the effect of ~~e 

environment on calf production was shown by the increased rates of 

conception in younger females when Nelchina caribou ';>/ere transp1.ar..ted 

to Adak Island (Chapter 3). However, decreased calf production to the 

fall (excluding the effects of predation) appeared to have only a 

minor affect on decreasing ~~e rates of gro~~ of the NCH and ~~e SMIH. 

L"l ~~e NCH, L"lcreased over....inter mortality of calves, excludL~g 

predation, •..;as found to have an L11portant: e.ffsct on checking the 

herd's growth. Additional support for ~~e role of over,.;inter natural 

calf mortality L~ regulating caribou populations may be fo~"ld in the 

WAH where natural mortality rates of caribou frcm 5 to 17 months of 

age were estimated to =~~ge from 0.25 tc 0.60 percent in many years 

since 1961 compared to estimat:ed mortality rates of less than 0.15 

L"l rapidly increasing herds. !t is postulated ~ere, that for large 

http:transp1.ar
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i:;.creasing her::is, inc:::eased ove:::-11inter natural :nor-tality of calves 

reflects deteriorating range and herd conditions and is an L~ortant 

initial regulating mechanism of herd growth. The role of increased 

natural :nortality of adults is poorly understood due to linitations 

of the data base. However, evidence L~ both the i~q and NCH suggests 

increased natural ~ortality on the younger sub-adult age classes 

during the latter stages of ~~e decline. The above implies that 

the condition cf ;:a.ri.bou entering the winter and the relati•;e 

abundance and quality of winter forage ·are c:::itical aspects of 

caribou population ecology. It should be emphasized that ~~e 

ultL~te role of increased natu.ral mortality on regulating caribou 

herds could not be deter.T.ined due to excessive predation in both 

the NCH and the WAH. 

Skoog (1968) and Haber (1977) have emphasized the role of 

dispersal in regulating caribou numbers. This hypothesis could 

not be examined in the declines of ~~e WAH and NC~ because of the 

hea~J influence of predation and because emigration could not be 

detected due to licited reconnaissance of the herds. If emigration 

did occu.r during ~~e declines, it was of no apparent consequence 

as su.rrounding herds did not increase. Furthe:more, modeling of 

the NCH showed that ir.creased natural mortality rates and 

decreased production of calves will occur in spite of or prior to 

dispersal. Range conditions and social factors should pres~~a.bly 

be the principle cause of dispersal. 
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2 • CA.:a.I30U riND NOL'V"'ES 

If the estimates of wolf predation used in the model for 

the NC.i and ~~e WAH are at all realis~ic, wolf predation was only 

a minor mortality factor during the peak of t."'le herds and contri ­

buted little to their initial declines. With low herd sizes, wolf 

predation can theoretically hold a population at a low level or 

contribute greatly to its decline. In t.~e case of the NCH, it 

appears caribou have been able to increase, at least initially, since 

the decline in spite of "high" wolf numbers, due to the fact ~'lat 

wolves began ta~ing greater proportions of moose. The effect 

of the altered wolf: caribou ratio on wolf predation in the ~i'AH remai.I'ls 

to be documented. Since aerial wolf hunting has been stopped ~~d 

human hu."lting of caribou greatly limited, the NAH provides a test 

case in whi~~ to determine t.'le effect of a substantial reduction of 

caribou on the wolf population. 

It may be argued that the effect of wolf predation on a large 

herd cannot be assessed from the analysis of t.'le 1N'AH or NCH s.i."lce 

humans were exerting some control en t.'le wolf populations. However, 

wolves have a high reproductive capacity, are territorial, and can 

limit their numl:ers to some degree (Mech 1970). :1oreover, wolf 

densities in t.'le unexploited McKinley Park (Murie 1944, Haber 1977) 

are similar to •..;olf densities in the Ne lchina aasi.:l frorn 1964-72 

(Table 6) a"ld to the estimated peak wolf densities in the southern 

half of the NAH's =ange from 1965 to 1967 (pp. 226-227). 
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In systems •t~i thout the influence of human hu.'"lting, wol'Tes 

will presumably hold caribou at low densities until factors such 

as immigration, increased reproduction or natural survival rates, 

or numerical or functional responses on the part o.f wolves allow 

the herds to increase. Once the herd reaches a "critical level," 

wolf predation is no longer able to control the herd's growth. 

Under these conditions, other presumably range-related factors 

discussed in the previous section are necessary for control. 

The above conclusions regarding ~~e effect of wolves on caribou 

herds are essentially a repetition of Haber (1977). Several differ­

ences in the interpretation of ~~e data and modeling of the herds 

need to be elaborated here, however. First, production of calves 

is not constant within ~~e herds over time or between herds as assumed 

by Haber (1977). Second, low apparent su.~ival rates of calves 

(especially from S to 12 :nonths), in at least the NCH and the WAH, 

are more a reflection of environmental conditions, excluding wolves, 

than they are of increasing wolf predation. This assertion can be 

disproven by predation studies that show considerably higher 

incidences of caribou calves in the winter diet of wolves ~~an 

those cited earlier (pp. 50-Sl) or those found by Haber (1977) in 

~1cKinley Park. A third point e.tnphasized by Haber (1977) concerning 

~~e role of emigration in causing herds to increase is largely 

conjectural and dramatic changes in herd size in the literature 

may be related to the ~~mense uncertainties in estL~ates of caribou 
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numeers. T~e impo~ance of the role of sudden changes in the 

reg~e of natural illortality and reproduction rates in caribou 

population eruption and declines also deserres attention. 

3 • CARIBOU A.t.'ID MAN 

Hunting mortality of l+ caribou played a major role in the 

gradual declines of ~~e NCS from 1962-69 and the WAH from 1961-1970, 

and was the major adult mortality factor in ~~e subsequent rapid 

declines of both herds. It is concluded that the present low sizes 

of these herds are the result of overhunting, for it can hardly be 

argued that caribou have eYolved ~~e capacity to cope with hunters 

largely utilizing snowmachines, airplanes, motor boats, and all-

te:rain vehicles (Glenn 1967, Sos 1973) and capable of exerting an 

annual mortality rate exceeding 20 percent of the adult population. 

In addition, hunting harassment ~'1roughout t..'1e winter may be 

detrimental to the surrival of caribou (Thomson 1971, 1973; Shea 

1978). The suggested higher nat~al mortality ~ates of younger 

age classes during years in which harvests substantially reduced the 

size of the herds (1969-1972 in t..~e NCH, 1974-76 in the W&~) may 

reflect to some degree t..~e stress of harassment from hunting and 

high orphaning of calves as a result of h~~ter selectivity for mature 

adults. During t..~e rapid decline of both the NCH a.."l.d the ;;A.H, human 

hunting-induced mortality was estLuated to be over three times higher 

than 'NOlf predation on caribou over 5 months of age. Moreover, 
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hunting mortality was show-n in t."lis study to be unaffected 

the overall density of caribou as long as humans had access to the 

herds. Severely reduced bag l~ts and seasons are necessarf to 

reduce human take and preserve the viability of caribou herds. 

The above fi11dings are in agreement 'llfith those of Ber::;erud (l9i4c) 

and Haber (1977) that predation, especially human harrest, is the 

chief factor responsible for the low number of caribou in A1aska 

today. 

4. CARIBOU, rlOLVES, AND HAN 

With the presence of two relatively effective predators, 

mortality on caribou is increased, and the herd sizes and the 

regimes of natural sur;i 'ral and reproduction rates under •llfhich the 

herd can increase are more limited. Haber (1977) has discussed 

many of the L-nplications of the effect of 'N'Olves and man en caribou 

i."l Alaska. With the present low abu."ldance of caribou in Alaska, 

predation has the greatest potential for controlling t."le size of 

many herds, and a substantial reduction in wolf and human predation 

should allow herds to obtain higher population le,;els. 
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B. SA..'1PLING ~C~TIOUES 

It is obvious from ~~e analysis presented ~~at understanding 

of car~ou population dynamics will not progress far wi~~out ooth 

better techniques to obtain the required demographic data and a ~ore 

intensive and representative sampling effort. Modeling showed 

conflicting discrepancies in many of ~~e various sets of data and 

the wide uncertainty of the estimates ~~es ~~e determination of 

accurate regimes of reproduction and nat'..l.Ial su...~ival rates (.important 

statistics for wildlife management} practically impossible without 

subjective interpretation of ~~e data (see Skoog 1968, Haber 1977, 

Chapters 2, 3, and 7}. To a large degree, the probl~~ involved 

with collecting data relate to limitations of manpower, funding, or 

physical phenomenon such as weather; on the other hand, much data 

(i.e., composition counts) have been collected for years largely 

ignoring basic principles of sampling design, such as those described 

by Coch:an (1963} and ~sh (~965}. A critique of current data 

techniques is as follows: 

l} The direct count extrapolation technique widely used in 

Alaska has limited value for detec~ing change in herd size and for 

establishL~g har-Jest quotas. Yearly fluctuations are lost in ~~e 

potential variance of the population estimate; changes in herd size 

that may be signi!icant to the welfare and management of the herd 

may not be readily detected. Population simulation suggests ~ha~ fo~r 
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of five estimates of ~~e NCH since 1971 have ~,derestimated the 

size of t~e herd by 30 to 40 percent or more. 

2) Alternative :ne~~ods of estimati11g caribou numbers through 

aerial sampling, al~~ough unbiased, have wide variances t~at 

similarly make understanding and management of caribou herds 

difficult (Siniff and Skoog 1964; Davis and Reynolds 1977; G. 

Calef, pers. cor.r.; Chapter 2). 

3) It is ~~e opinion of the au~~or that aerial censuses of 

post-calving aggregations combined wi~~ aerial sampling of ~~e 

remainder of the herd's range could, with good weather conditions, 

produce accurate and precise estimates of caribou numbers. The 

amount of aerial sampling necessarJ to obtain 'lery precise 

estimates may be prohibitively costly in terms of money and 

manpower, howe•1er. 

4) Assumptions ~~at age and sex groups were randomly mixed 

during the fall and ~~at the proportion of adult females were 

randomly distributed in the .post-calving concentrations ·...,ere sho~..n 

to be invalid in ~~e 1976 WAH composition counts. I11 ~i1.e NCH, 

3+ males showed distinct segregation from ~~e calf-adult female 

groups shortly after the peak of t.he rut. The above suggests ~~a.= 

much of the composition data may be unreliable. This was verified 

by discrepancies among sets of composition data revealed through 

simulation modeling and analysis. 
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5) The segregational patterns of ~~e herd need to be 

well defined and =epresentative samplL~g schemes adopted to assure 

t."lat calving, post-calving, and late •..;inter cal.f/adult female 

ratios are not biased. 

6) Harvest statistics collected from 16 years in t.!ote HCH 

revealed trends similar to those shown by the fall composition 

data in t."le percentage of 3+ adult females, the percentage of 

yearlings and two-year-olds combined, and t."le percentage of total 

males. Thus, harvest statistics may have some utility for long­

term trend analysis of herd composition when the har;est seasons 

and bag limits are relatively comparable over time. Accurate trends 

in the percentages of 3+ males could not be determined from t."le 

harvest data; this resulted from changes in hunter selectivity for 

3+ males over time. 

7) Proportions of calves, yearlings, and two-year-olds in 

the harvest mandible collections are biased by hunter selectivity 

and hence are not representative of the proportion of these cohorts 

in the actual herd. Fall percentages cf cal'Tes in the herd coul,j 

not be ac~~ately determined from subseq~ent age classes in har;est 

mandible collections in t."le NCH. 

8) The estimated total har;est was poorl:.t correlated •.vitl-1 

herd si:z:e in both t."le WAH and the NCH. 

9) Several models indicated that the 3+ adult age str~cture of 

h~~·est collections often do not accurately represent the 3+ adult 
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age and sex str~cture of ~~e herd. It appears more accurate 

adult age s~ructure information can be obtained by directly 

collecting animals for age-determination as was done by ~ller 

(1974). 

10) An evaluation of t.1.e influence of t."le age and sex of 

the animal, reader bias, the age of the collection, and which tooth 

is used for age dete~nation using cementum annulations is presented 

elsewhere (Doerr, in prep.). A comparison of ages assigned by two 

readers suggested that over SO percent of the ages assigned by each 

reader in this study were within 1 year of the cor:ect age of the 

animal. Inaccuracies in the age-determining technique may prevent 

detection of missing age classes; however approximate age structures 

of the harvest collections can be dete~ned. 

ll) Collection of total harvest and harvest composition data 

is valuable for estimating hunting mo~ality rates. Present 

estimates of total harvest allow estimation of minimum human-induced 

mortality; however, an obvious need exists to evaluate the magnitude 

of unreported harvest, •.rounding loss, and •.ranton waste i:J. caribou 

herds throughout Alaska. The ac~~a~1 of sex ratios derived from 

harvest report tickets in predicting the actual sex ratio of the 

harvest :leeds to be evaluated. The chronology of the har-;est may 

be useful in determining the sex ratio of the harvest in some herds. 

12) Adult m~~dible lengths, commonly used to sex-determine 

caribou throughout North America, nay not be a valid sex-determining 

techni~~e i:J. some Alaskan herds due to genetic or envircP~ental factors. 
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C. !1.ANAGEMENT HlP!..!C.~TICNS 

In the declines of both t.."le rtJAH and the NCR, a similar 

pattern of wildlife management practices by the State of Alaska 

was revealed: allow continual large har-1ests until the herds 

were reduced to low levels, whereupon greatly restricted harvests 

were necessary to assure the survival of these herds. Furthermore, 

problems with excessive waste of caribou resources by many 

subsistence users were ignored sL~ce at least the early 1960's in 

the WAH (Lent 1966b) , although it was probably a relatively 

substantial (and certainly unnecessarJ) mortality factor on t.."le 

herd during later stages of its decline. To a degree, the apparent 

lack of concern over t.."le hunting mortality on t.."le herds stemmed from 

a long-held belief t.."lat large caribou herds could not be overhunted 

(tent l966b, Glenn 1967). Su~"l a belief is clearly wrong; as 

demonstrated in t.."lis study, caribou are exceptionally vulnerable to 

hunting. In fact, the WAH may have been declining since t.."le early 

1960's partially as a result of hunting. The increase in human 

population t.."lroughout Alaska (Alonzo and Rust 1976), together with 

greater access to ''remote" places, makes the monitoring and regulation 

of total huntL~g mortality essential to the surrival of caribou in 

Alaska. 

It seems paradoxical that ADF&G developed a census techniq~e that 

estinates ":ninin-.urn" herd sizes (Pegau and Hemming 1:3 i2) wi;ich aid 
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in plar.n.L"lg conser,;ative har1est strategies, yet tc.;o major he.:-d.s 

have since decl.L"led to low levels, largely as a result of over­

hunting. It is my assertion t.~at t.."'l.e declines of both the NC-1 ail.d 

the NAH should have come as no surprise, given t::.e herd size 

estimated for the NCH in 1967 (Hemming and Glenn 1968) and the )oi.AH 

in 1970 (Pegau and Hemming 1972) and t."'l.e literature available on 

wolf predation and natural mortality and reproduction rates in 

caribou (Eergerud 1967, l97lb; Rausch 1967, 1968, 1969a,b; Kelsall 

1968; Skoog 1968; and others). The "u.."lexpectedness" of the decline 

of both heres can be attributed largely to ~"'l.e fact t."'l.at t.."'l.e 

mortality factors on the herds were not assessed and ~"'l.e population 

dynamics of the herds were not modeled. Obviously some sets of 

reproduction and mortality rates would have indicated declining 

populations in both herds. To avoid overhunting leading to si~lar 

declines in the future, it is essential that the demoaraohic data be 

evaluated and all Alaskan caribou herds modeled. The simple models 

described in this text may be useful for ~"'lis purpose; the sets of 

natural mortality rates given in Table 42, for example, can be usad 

to represent different reg.L~es of natural sur;ival rates and to gain 

insight into possible trends in the herds. Henny et al. (1970) have 

presented an excellent discussion of t.~e use of str~ctural models 

for dete~ning possible trends in populations. Additional popu­

lation models have been developed or applied by Dean and Gallaway 

(1965), Eos (1974a), Bunnel et al. (1975), ·~7alters et al. (1975), and 

Haber ( 1977) . 

http:t."'l.at
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Given ~~e difficulties wi~~ ~resent sampling techniques, as 

'N"ell as the lack of knowledge concerning range relationships, 

carrying capacity, and compensator] factors, maximum sustained 

yield is not a realistic management strategy. Harvests atta~ting 

to m.a.i.\'ltain stable, highly productive herds will probably "under­

harvest" or "overharvest" t.~e herd in any given year due to t."le 

above difficulties. "Under!larvesting" can be co::rectad by l.i.l:leral 

bag limits and seasons in following years. "Overha.r:est.i.."lg" can 

have serious consequences since it may reduce t.~e herd to levels 

where natural mortality, predation, and other factors cause further 

decline and require severely restricted harvests before the herd can 

regain its former size. A fu.~-"ler complicating factor to managament 

is the findings of t."lis text that overN"inter natural mortality can 

be an important regulating factor of cari~ou. Thus the outcome of 

fall and winter ha.r:ests, in terms of the number of animals in t.~e 

herd at parturition, cannot be assessed until survival through ~"le 

winter is known. Since t.~e relative availability of forage is 

influenced by weat.~er (BergerJd 1974a, LaPe::riere and Lent 197i) 

(an unpredictable factorl, carrying capacity and t.~e best harvest 

strategy in any given year may be difficult to assess. This is a 

common dilemma of wildlife management in northern ecosystems. 

Survival of caribou seems best enhanced by a reduced ha.rrest 

rate which allows herds to increase to relatively high population 

levels. Certainly large productive herds are desirable in that 
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normal wol£ populations can exist synchronously wi~~ ~elatively 

large human harvests. The feasibili~! of maintaining these large 

heres, in ~~e face of possLble range deterioration and reduced 

natural su.rvb·al and reproduction, is uncertain. Short-eer.n liberal 

harvests could be implemented to reduce the size of the herd if a 

reduction in range or herd quality becomes evident. 

Obviously sustained yield management requires intensive (and 

expensive) monitorL~g. Haber (1977) has argued that single herd 

management is biologically unsound and ~~e herds must be managed 

collectively. He asserts that some herds should be allowed to 

increase beyond range capacity, triggering immigrations into o~~er 

smaller herds which will then subsequently increase following an 

evolved 9attern of population regulation. Such alternative manage­

ment strategies merit considerable attention. 

It is extremely critical to evaluate the present role of 

predation and hunting in depressing small caribou herds throughout 

the state. A temporary reduction in the level of mortality by 

predators mav be verJ beneficial in allowing certain herds to 

L~crease to larger population sizes. 

A final important consideration is the need for greater 

communication bet,.;een rural residents and game agencies. !t is 

hoped, perhaps optL~istically, that the excessive waste of caribou 

observed in the Kia..~a Hills, 'N'ill not be repeated again. i-ly ¥erst 

suspicions are, however, that waste of game resources coomonly 
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occ~s in many aspects of subsistence hunting and fishing. Such 

situations cannot be ignored. Game resources are fL,ite in Alaska 

as elsewhere. All hunters should consciously utilize the animals 

killed and avoid ur~ecessary harassment of animals wi~h motorized 

ve~~cles. The rapidity of the WAH's decline was largely caused by 

those people dependent on the herd for subsistence needs. These 

people now face long-term harvest reductions if the herd is to 

survive. 
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D. NEEDS FOR E'UTURE :i\ESE..1\...F.CH 

L~ order to better understand ~~e population ecole~] of 

caribou in Alaska, gaps in the present knowledge of caribou ecology 

need to be researched. An analysis of the "state of t.~e art" of 

population ecology and recommendations for future research were 

formulated during a workshop from 17 to 19 November :i.977 at t.i.e 

University of Alaska, Fairbanks (Klein and White 1978). Several 

other important research needs are mentioned here. 

Probably the greatest gap in understanding caribou population 

dynamics is the lack of knowledge concerning compensator/ mortality 

and reproduction. The influence of compensatory factors on t.i.e 

effects of hunting and wolf predation can be presented as two 

questions: (l) rdhat proportion of the anL~als killed would have 

died of other causes before producing young (in t.~e case of 

females) or successfully breeding (in the case of males)? 

(2) What proportion of the animals killed are "replaced" t.'"lrough 

enhanced natural surri'tal or reproduction by the remainder of t.i.e 

herd? These eNo questions must be answered to validly interpret 

the ultimate effects of hunting and predation. Some L~sight L~to 

the former question can be gained by examination of the animals 

killed; the latter question can only be answered by experi~ental 

conditions designed to test the effect of various herd sizes ~~d 

predation and h1~ting levels on reprod~cticn and natural survival 

of caribou. 
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Assessing ~~e rate and composition of kill by wolves requires 

greater research. ~e seasonal chronolo~J of kill rates and ~~e 

abundance of wolves on summer and winter caribou ranges L~ herds 

throughout Alaska merits special consideration, especially in small 

herds exhibiting poor survival rates and herds with high wolf:caribou 

ratios. The effect of caribou migration on wolf predation needs to 

be clarified. Natural factors responsible for altering the 

f~~ceional and n~srical responses of wolves are especially important 

to understanding ~~e population ecology of caribou and better 

assessing the role of predation in caribou fluctuations. 

The effect of hunting disturbance on caribou should be 

researched in lieu cf findings in this study. Special emphasis 

should be given to delineating critical periods when disturbance 

may be most harmful and to determining the amount of harassment t.~at 

commonly accompanies various methods of hunting, especially hunting 

with snowma~~ines. 

The need for range evaluation of all herds is evident. ~search 

is also needed to investigate the condition of ~~e animals (i.e., 

conception rates, body !at reserves, body size) in various herds 

throughout Alaska. The relationships between range and herd quality 

and the demographic parameters of the herd, especially the :egimes 

of reproduction and natural survi~ral rates of the herds, should be 

the ultimate goal of such research. Similarly the importa~ce of 

disease and parasites on ':he sur;i'Tal and ;::oeproeuction rates of 



292 

caribou needs to be evaluated more critically, as does the effect 

of wea~~er. !n parei~~lar, =actors of wea~her which are most 

critical to the reproduction and natural su~tival rates of caribou 

need to be determined. 

Sex ratios of calves, yearlings, and two-7ear-oles should be 

specifically Livestigated, in light of findings presented here. 

Accurate determination of na~ural sur-vival rates of adults and 

changes in adult su_-vival rates as herds flu~~ate in size is of 

paramount importance. 

It is hoped ~~at, through wise management and ~~e protection 

of caribou habitat, large herds '"'ill roam the tundra and taiga 

biomes in the future and the integrity of northern ecosystems 

will be preserved. 
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APPENDIX A 

EST!HAT~G THE CONPOSITICN OF ~HE 
NCH HARVESTS IN 1958, 1967, ;~ 1972 

No aged collections of the ~TCH harvests were available for 

1958 and 1967. Consequently, the age structure of the har1ests in 

those years were esti~~ted indirectly. The available information on 

the har~ests in these years is summarized in Table 3 (Chapter 2). 

Percentage of ~les in the harrest in 1958 (69.8 percent) is 

estimated using Equation 12 (Table 4). The percentage of 3+ males 

in 1958 and 1967 is the average value (41.3 percent) of 16 years of 

harvest data (Table 4). Percentage of calves in 1958 and 1967 (9.6 

and 5.8 percent, respectively) is calculated from Equation 10 (Table 

4). Fifty-four percent of ~~e calves were assumed to be males. The 

percentage of 3+ females in 1958 and 1967 (18.4 and 27.4 percent, 

respectively) is estimated from Equation 13 (Table 4) . The percentage 

of male and of female yearlings and two-year-olds in 1958 and 1967 

was obtained by subtracting ~~e percentage of calves, 3+ males, and 

3+ females from the estimated sex ratios of the harvests. An assumed 

yearlL~g:two-year-old ratio of 13.3:14.7 (Table 4) was used to 

determine ~~e individual percentages of yearling and two-year-olds in 

the harvests in those years. The above racio was used for both males 

and females since the sex ratio of yearlings and of two-year-olds in 

the NC:i harv·est is nearly identical (pp. 42 -45) . ::::e results are: 
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A?Pmmrx A (conti..":.ued) 

1958 Harrest 

.J;.ge ~1ale ::ema.le Total 

0 182 154 336 
1 388 122 510 
2 430 133 563 
3+ 1,445 645 2,091 

Total 2,445 1,054 3,500 

1967 Ha..."""Ve s t 

Male Female Total~ -
0 128 104 232 
l 388 96 484 
2 432 104 536 
3+ 1,652 1,096 2,748 

Total 2,600 1,400 4,000 

In 1972, a sample of 79 male caribou killed by hunters is used 

to estimate ~~e age str~cture of the male harvest (Bos 1973) . 

Male:female sex ratios of 54.6:45.4, 63.5:36.5, and 62.8:37.2 for 

calves, yearlings, and ~No-year-olds, respectively, (the sex ratios 

from all harvest collections combined) were used, together with the 

estimated total number of females in ~~e harvest (Table 3), to 

calculate ~~e number of female calves, yearlings, and two-year-olds 

in ~~e ha.r1est. The number of 3+ females in the harvest was then 

estimated by subtracting the above from the estimated nucber of 

total females in the harvest. The results are: 
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.~PENDIX A (cont.:.nc.edl 

1972 Harvest 

Aae--­ .:.tale- Female ':otal 

0 
1 
2 
3+ 

10 
20 
40 

328 

8 
ll 
24 

114 

18 
31 
64 

442 

Total 398 157 555 



296 

A?P~lDIX 3 

CALC'JLA.TDlG OVERtiiNTER CAL? MORTALITY 
IN THE NELC:!DIA CAR!30U HE:?.D (1955-60) 

t'iortali ty rates for calves from October to Apr!.l in -:he NC:-1 

were calculated for the years 1955-56 through 1959-60 using the fall 

composition data given in Table l and ~~e late winter composition 

data calculated by Skoog (1968:623-624}. The percentages of 3+ males 

in the fall were estimated using the obserJed value in 1956 ~~d ~~e 

predicted values from Equation 2 in the years 1955 and 1957 ~~rough 

1959. The percentages of 3+ females in the fall were estimated from 

the observed values in 1956 and 1959 and from Equation 6 in the years 

1955, 1957, and 1958. Subtracting ~~e observed percentages of 

calves (adjusted for 3+ males nat present in the counts) and the 

estimated percentages of 3+ males and 3+ females frcm 100 gave the 

estimated percent of yearlings and two-year-olds. The percentages 

of female one- and two-year-olds were estimated in two ways: 

1) Assuming equal sex ratios of yearlings and 

t".-lo-year-olds; and 

2) Assuming a ratio of yearlings:two-year-olds of 

1.24:1.00 (Skoog 1968} and 45 and 30 percent of the 

yearlings and the t·....o-year-olds, respectively, •,;ere 

females (Skoog 1968}. :1ortality of calves from October 

to April 0·1) ~vere then calculated as : 

http:1.24:1.00
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APPENDIX B (continued) 

M = [l- (A/B)} X 100, 

where, 

A = ~he calf/l+ female ratio in late winter fzom Skoog 

U968 :623), and 

B • the calf/1+ female ratio in the fall derived above. 

Bot.;. A and B were adjusted to t!'le "original female base" assuming 

mortality :ates of 5 and 8 pe:cent for l+ females from part~ition 

to November and from partu.rition to April, respecti~,ely (Skoog 

1968:623). The results of the computations are compared below with 

calculations by Skoog (Ibid.:624). 

October-Aoril Mo~.alitv Rate of Calves 

50:50 Sex Ratio 55:45 Sex Ratio Skoog 
Year Yearlings Yearlings (1968) 

1955-56 -16.0 -13.5 
1956-57 18.5 20.0 21 
1957-58 10.0 12.0 13 
1958-59 ll.O 13.0 15 
1959-60 2l.O 23.0 22 

Ave. 1955-60 9.0 ll.O 
Ave. 1956-60 15.0 17.0 18 

http:partu.ri
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APPEUDI:X C 

FORMULAS USED TO C.'l\LC"JI....\TE MEA..'l'S .f..ND VA.R::..~'l'CES 


OF 1976 WESTERL'l' ARCTIC ~~ COMPOSITION DATA 


Percentaaes of Post-Calvina 2+ Females 

The percentage of 2+ females in the post-calving aggregation is 

generated weighting each group classified by the sample size of ~~e 

composition count (hence, assuming equal sampling intensity) • The 

variance is calculated weighting the square of the differences 

between each group and ~~e mean by the number of animals classified 

in the group, modifying an equation from Steele and Terrie (1960: 

181) (S. Har=o, pers. comm.). The equations are as follows: 

[ ~ F ·li=l :1. 

= [ (N,
• 

= p >z] I I ~ .. l- ..: l I. -~. J ... i=l :1. 

'N"here 

= estimated percentage of 2+ females of total l+ 

caribou on the post-cal7ing aggregation, 
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APPENDIX C (cont.:.nuedl 

E'. 
l. == number of 2+ ::e.'llales classi!ied in the i t:.."l g:::oup, 

N. 
l. "' number of l+ caribou classi.fied in t.'1.e ith group, 

g .. number of groups classified, and 

NT • estimated number of l+ caribou in the post-calving 

aggregation. 

Fall 	2+ Female Com~osition Ratios 

Individual Stra~~ 

g 	 1 [g 1
• r	 E Y;J I E E'.J 

l . 1 	 - . l l..l."" l.• 

= 

) 
-,Is 2. (y - r . F.) ""l I (g - 1) I 

q i 	 ylf 
l. J 

•..rhe.re 

Y. 	 a number of aniilials other than 2+ females classi=ied 
.l. 

in the ith group, 

F. = number of 2+ females classified in t!'le ith group,
l. 

g ... number of groups i:l the stratu...11, 

N estimated nu.::n.ber of total c.a:::i!:;ou in :.he stra-:.u.":l, and"' 

n = nucber of cari!:;ou classi:ied in t~e strat~1t. 
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A.:l?PENDIX C (continued) 

Combined Stratum 

(Assuming ratios among st:ata are equal and combining all groups 

to calculate ratios and variances) 

r y/! = ~j Y ..1I [ ~ 
i=l lJ J j 2 1 

V(r) s 2 
q 

h 
s z t q [ j=l 

where 

a number of animals other than 2+ females classified 

in the ith group of the jth stratum, 

F.. = number of 2+ females in t~e ith group of the jth
lJ 

stratum, 

estimated fall population, 

total number of caribou classified L~ the fall 

composition counts, 

gT = total m.:unber of "groups" classified, 

h = number of strata, and 

= n~~er of groups in the jt~ stratum. 
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APP~IDIX c (continued} 

The above fo~ulas are used to calculate herd ratios and 

variances for calves/2+ females, 2+ males/2+ females, and all 

animals other than 2+ females/2+ famales. 

Combined Stratum 

Assuming ratios among strata are unequal and weighting the 

variances of the individual strat~ gives 

K 
!: w. r /f 1 and 

i=l l. 1 i i 

W. v (r. /f ) 1 

i=l l. yi i 

where 

,.W. estimated number of caribou in the it.l-t 
l. 

stratum over the estimated number of 

caribou in all strata, 

r .. ratio of the ith strata,
y./f.

l. .l. 

V(r, 
1

.. ) = variance of the it.~ strata, and 
yi "'i 

K = number of strata. 

Only t.~e yearling/2+ female ratio for the herd is calculated with 

~~e above equation. Strata l and 3 are combined into one stratum. 

The ratio and variance of the yearling/2+ female ratio in strat~~ 2 
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.!\.?PENDI:~ c (continued} 


is assumed to represent 23 percent (4,000/li,SCO) of the enti=e 


herd and the ratio and variance of t.~e ratio in strata l and 3 


combined are assumed to represent the remainder of t.~e he=d. 
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.;;FPENDIX D 

DESCRIPTION OF C.~BOU llLLS :SX.::V1INED IN THE KL";..~A n"ii.!.S , 
NORTH"tJ'"EST ALAS!G., 20 MARCH TO 3 APRIL 1976 

The following is a description of caribou kills ax~~ed in a 

22 km-? area, ca. 5 ~ southwest of Deviation Peak. The extreme 

boundaries of the area searched are 66~57.5'N to 67~00'N and 

l6l~os•w to l61~11'W. Not a11 the caribou carcasses wi~~in these 

boundaries were examined. Of the caribou kills examined, all are 

believed to be the result of human hunting. Most hunters h~~ting 

in this area were from Noorvik, Kotzebue, and Kiana (pers. cbs., 

pers. comm. wi~~ people in those villages). All caribou examined 

had died sin~e September 1975 and most deaths ·..,ere believed to have 

occurred since l JanuarJ 1976. 

The dates listed below are the dates the kills were examined. 

All caribou kills in a "~<ill site" were lying within a 10 m radius 

circle ,.mless otherw-ise stated. Only recem:. scavengers (Sc =) are 

listed. The firs~ number of caribou is the minL~ number of 

caribou killed at the kill site. Kill sites l to 58 were examined 

by the author; descriptions of kill sites 59 to 62 were from 

notes by J. Shea. 

Foreleg, as used here, refers to the ~ortion of the front 

and hindlegs distal to the radius and the tibia, respectively. 
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Date Kill Site 

20 March 1 

20 March 2 

20 March 3 

20 !".arch 4 

20 March s 

20 March 6 

20 March 7 
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DescriPtion 

Four caribou. One r-.Jinen pile; three ungutted 
adults. ~*O adults of unknown sa~ were over SO 
percent scavenged. Remaining adult was a 
toNO-year-old male •.vith no scavenging loss, no 
back fat and 77.7 percent femur fat content. 
Sc • raven (Corvus aorax). 

Five caribou. Four r-.Jinen piles; one 11 year old 
eviscerated female: one ungutted 4 year old 
female; found ca. 100 m from (1). Eleven year 
old female was 25 to SO percent scavenged and 
had a femur fat content of 86.3 percent. Four 
year old female was less ~~an 10 percent 
scavenged, pregnant with 0. 68 1<g, 3 7 c:n fetus, 
had little subcutaneous back fat, and a femur 
fat content of 86.3 percent. The 4 year old 
cow appeared to be a more recent kill than 
the 11 year old cow. Sc = ravens. 

One very small calf with 13 ern velvet antlers 
found ca. 200 m from (2). Calf appeared to be 
an old kill, maybe from the fall, and •.vas over 
SO percent eaten by scavengers. Impossible to 
determine sex or if eviscerated. Femur fat 
content of S8.3 percent. 

~NO caribou. Found two caribou ~eads minus the 
lower mandibles, one foreleg, and one complete 
hide. 

Four caribou. Found four rumen piles, nine 
forelegs, and one fetus (weight 0.45 kg, total 
body length "' 33 em). 

One antlerless adult female. Ungutted, one side 
and back fl~"'lk scavenged (25 to SO percent loss). 
Femur fat content was 74 percent. Sc = ravens. 

Three adult male caribou. 'I".vo ~ales •.vith both 
the front and hindquarters taken; one male with 
both hindquarters and one front quar~er taken. 
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APPEND!:{ D (conti:luedl 

Date Kill Site 	 Desc::-iotion 

20 :-larch 	 Three caribou. T-110 adults of unk."'l.own sex •.vith 
only the heads left i:l ~,e field. One 6 year old 
female, eviscerated, 25 percent scavenged, 
0.6 en subcutaneous back fat, 87.0 percent 
femur fat content. 

20 l1arch 9 	 One rumen pile. Sc = ravens. 

(.l} through (9) were found •t~ithin a 1. 6 km2 

area, on wind-swept tundra with an average 
snow depth of ca. 6 c.n. 

21 f1arch 10 	 One caribou leg hanging from a spr~ce tree 
with a steel trap set underneath it. 

21 t<f.arch ll 	 One yearling female, ca. 70 m south of camp, 
unqutted, little back fat, small 3 em scavenger's 
hole in one side (former bullet hole?), viscera 
completely eaten inside carcass, possibly by 
shrew (Soroex spp. ) or weasel (Muste Za spp . ) • 
71.4 percent femur fat content. Average snow 
depth ca. 25 em. 

21 March 12 	 One yearling caribou. L~determinate sex. 
Ongutted. Over 75 percent loss to scavengers. 
79.7 percent femur fat content. On the night 
of 20 March, five wolves visited ~~is carcass, 
tore off three forelegs dragged them 7 to 15 m 
from the carcass, and chewed on the forelegs. 
One wolf urinated on the carcass. Sc • wolves, 
fox (Vulpea fulva) , raven, and shrew. 

21 l1arch 13 	 Two caribou, ca. 45 m from (12). Cne 3 year old 
fecale, ungutted, propped on its back wi~, its 
legs in ~,e air. Small hole (bullet hole?) in 
one side; several holes i:l its other side were 
caused by a shrew(s). 55.1 percent famur fat 
content. Second caribou was a 7 year old 
female, largely scavenged on one side; one front 
and hind leg was missing; rump and back had been 
scavenged, r~en was intact. 74.3 percent femur 
fat content. Wolves had visited these carcasses 
~,e night before and eaten nothing on them. 
Sc • raven, shrew, and wolves. 
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Date Kill Site 

22 March 14 

22 March 15 

22 March 16 

22 t·1arch 17 

22 ~-larch 18 

22 March 19 

22 March 20 
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Descriotion 

One adult caribou. Either young male or adult 
female, ungutted, 50 percent loss to scavengers. 
Sc ravens.2 

Three female adult caribou, ca. 100 m from (14) . 
All gutted. One antlerless female, age 5 years, 
less than 10 percent scavenged, 0.6 en thick 
layer of back fat. Near this cow was a 35.6 
em long fetus. Second female was 7 years old, 
25 percent scavenged, and had a femur fat content 
of 87.8 percent. Third female was 4 years old, 
less ~~an 10 percent scavenged, had almost no 
back fat, and a 80.3 percent femur fat content. 
Sc = ravens. 

One caribou. Found four forelegs, one head, 
and one rumen pile. Either adult female or 
young male. Sc =ravens, shrew. 

One female caribou. Age 9 years, ungutted, 
scavenged slightly on back flar~. Epiphyseal 
femur fat content of 76.J percent. Sc = raven, 
fox. 

One male calf, ca. 70 m from (17). Ungutted, 
less than 10 percent loss to scavengers. 
Sc = raven. 

One adult caribou. Indeterminate sex, ~~qutted 
50 percen~ loss to scavengers. Snow depth of 
ca. 80 en in vicinity of carcass. Sc = raven, 
foxes. 

Five caribou, ca. 200 m from (19) . Found four 
heads, three rumen piles, one carcass. 50 
percent scavenger loss to carcass. One of the 
caribou taken was a calf; other four caribou 
were females or young males. Snow depth of 
ca. 60 em. Sc = raven. 
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APPENDIX D (conti.n.uedl 

Date Kill Site 	 DescriPtion-
22 March 2l 	 One caribou. Adult female head and small 

portion of ~~e neck, ca. 140 m f=om (20). 
Average snow dep~h ca. 91 em. 

22 March 22 	 Three caribou: all ungutted. One male age 
5 years, 25 percent sca•renger loss, bullet 
hole(?) in abdomen, antlerless. 48.0 percent 
femur fat content. Second adult male, light 
scavenger loss, 86.0 percent fa~ur fat 
content. 4 to 6 year old female, 25 percent 
scavenger loss, 76.4 percent femur fat 
content. sc = raven. 

23 March 23 	 One fa~le caribou. Age 6, ungutted, 50 
percent loss to sca•;engers, feii!U':' fat content 
of 81.5 per=ent. 

23 ~.arch 24 	 ~NO caribou, ca. 200 m from (23), adult females 
or young males. One was ungutted, 25 to SO 
percent scavenged, and had had its nose and 
incisiform tee~~ sawed off in the same manner 
I had sawed off incisiform teeth during my 
visits to Kiana and NoorvL~ on 17 to 18 
February and 20 to 21 February 1976, respectively. 
The other caribou had only four forelegs, a rumen 
pile, and a head, minus the lower jaw, present. 
See description of kill site (25) for additional 
comments. Sc = raven. 

23 March 25 	 ~:Sine caribou, ca. 65 m f::-om (24). Nine rumen 
piles, four heads '"'it.~ antlers attached, two 
pairs of antlers chopped off of caribou presumably 
taken f=om the field, and t.~ree adult caribou 
(.two females and one male} eviscerated and 
stacked in one pile. One o£ the caribou was 
set on its back, t,.;ith its legs in the air. 
Yellotll line had been tied to the legs. rhe 
incisiform teeth from the four heads and three 
carcasses had been sawed off. Of the ll caribou 
in kill sites (24) and (25), I believe 10 were 
shot since my visit to the villages of :uana 
and Noorvi:< since t.~e lower incisifor:n tee1:.h 
were taken. The first caribou described in ~ill 
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APPENDIX D (continued) 

Date Kill Site 	 Descri~tion............ 

site (24) had probably been killed before ~~e 
others since both ~~e 	upper and lower portions 
of the front jaw were 	sawed off, indicating the 
upper and lower jaws had frozen together. The 
four heads and two antler pairs in group (25) 
were l+ females or young males. At the time 
examined, the three carcasses had no loss to 
scavengers. H. Thing, who visited ~~e site L~ 
early April, reported 	that the carcasses were 
still ~~ere, had begun to rot due to unseasonably 
warm weather, and had 	been largely scavenged by 
ravens. 

23 March 26 	 ~AO caribou. ~NO heads and ~NO rumen piles. 
Average snowdepth ca. 60 em. 

23 March 27 	 Four car~ou, ca. 200 m from (26) , all within 
a 20 m radius circle. One calf, unqutted, over 
75 percent scavenged, 81.5 percent femur fat 
content. One adult, either adult female or 
young male, was eviscerated with less than 12.5 
percent scavenging loss. Second adult, an old 
female, had 50 to 75 percent loss to scavengers; 
unable to tell whether or not this cari~ou had 
been eviscerated. Third adult was an antlerless 
male, scavenging loss and whe~~er or not it was 
eviscerated was not recorded. 

23 March 28 	 One caribou, ca. 50 ~ from (22). 12 year old 
female, eviscerated, over 75 percent scavenged, 
47.6 percent femur fat content. Sc =raven. 

23 ~~ch 29 	 One caribou. 3 year old female, intact skeleton 
with 75 percent loss to scavengers. ao.6 percent 
femur fat content. 

23 March 30 	 20 caribou. 13 carcasses left in ~~e field, 
and at least seven more were removed prior to 
my visit as evidenced by snow machine tracks 
and seven depressions in the snow made by caribou 
carcasses (three depressions had caribou heads 
near them). All 20 car~ou were within a 20m 
radius circle. Five of the above depressions 
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.;EPENDL~ 	D (continued) 

Date !<ill Site 	 Desc::::-iotion 

were from caribou removed that same day (see 
Observation 6, Appendix E). Of the thi.~een 
carcasses left in the 	field, ~~ere were ~o male 
calves, one female calf, one female yearling, 
four adult males, and 	three adult females (two 
antlerless). The remaining t·~ carcasses and 
the three heads were f::::-om l+ females or young 
males. All of the thirteen carcasses were 
eviscerated except the three calves. Scavenging 
loss to all 13 carcasses was 12.5 pe::::-cent or 
less, with five carcasses •Tirt"..lally untouched. 
several were propped on their backs to make the 
kill site more visible. This kill site was 
located ca. 3 km south of camp. Sc = raven. 

25 Harch 31 	 Four caribou. Three rumen piles and one adult 
female ~~at appeared to have been partially 
gutted. No scavenging loss to female. 

25 ~1arch 32 	 one male calf. Ca. 25 pe::::-cent loss to scavengers, 
unable to dete~ne if eviscerated. Sc = raven. 

25 March 33 	 One calf, ca. 120m from (32). Indeterminate 
sex, over 50 percent scavenged, ungutted. =~~~ 

fat content of 81.2 percent. Sc = raven. 

25 11arch 34 	 One caribou, ca. 100 m from (33). ;.ge 3 years, 
indete-~inate sex, 75 percent scavenged (all bones 
intact). Ungutted, 77.7 percent femur fat 
content. Sc = ravens. 

35 	 Fi·,re caribou, ca. 100 m from (34). T"N"O calves 
and t·N"o adults •..-ere completely scav·enged. One 
caribou, older ~~an cal£, taken from field as 
evidenced by the antlers ~~d forelegs left behind. 
one calf had a 74.6 percent femur fat content; 
one adult was an 8 year old female wi~~ a 76.3 
percent femur fat content. Average sno\v depth 
ca. 20 c:n. 

25 :.!arch 36 	 One caribou, ca. 100 m from (35). Age 3 or 4 
years. 25 to 50 percent loss to scavengers. 
Ungutted. 



APPENDIX D (continued) 

~ Kill Site 

25 March 37 

25 March 38 

25 March 39 

25 March 40 

25 March 41 

25 March 42 

25 March 43 

44 

310 


Descriotion 

Two caribou. T'.YO :'"..Jmen piles and two pai:s of 
antlers. Either you:1g males older chan calves 
or adult f~ales. 

Two caribou; both gu~ted and less than 12.5 
percent scavenged. One carcass propped up in 
the snow. An em:;:ty . 264 ~·iin. ~ag. box found 
near ~~e carcasses. Sc = ravens. 

Two caribou. T'.vo :::urnen :.:: il.es and eig::.t 
forelegs found. 

One calf. !ndeter.mi:1ate sex. carcass intact 
and SO to 75 percent lost to scavengers. 
70.8 percent fa~ur fat content. Sc = raven. 

One caribou. Indeterminate sex. 25 to SO 
percent scavenged. Average snow depth ca. 
63.S em. Sc = fox, raven. 

One female adult; ca. 100 m from (41). Ungutted, 
25 percent loss to scavengers. Ravens ~ad 
eaten on t.'1.e mandibles, the neck (t~vo holes 
present), ~~e belly, the rump, t~e vagina, and 
the eyes; some of these spots may have been fed 
on previously by some carnivor. The neck of 
the caribou appeared to have been cut '.Yith a 
knife. Sc = raven, carni'lOr? 

One yearling caribou. Indete:r:ni::1ate se:~:, 

ungutted. Propped on its back with its legs 
i:1 the air. 50 percent loss ~o scavengers. 

One caribou. Indetermi:1ate sex, :1lder than 
calf. Ca. 150 m from (43). over SO percent 
loss to scavengers, ungutted, carcass buried 
in snow. Sc = raven. 



;;,p:?END::i:X D (continued) 

:ate Kill Site 

25 (-!arch 45 

25 :1ar:::h 46 

25 :·!arch 4 7 

25 March 48 

25 March 49 

25 ~!arch 50 

25 March 51 

25 :1arch 52 

26 March 53 

25 :·!arch 34 
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Descri-otion 

Four caribou, less than 100 m from (44). Three 
carcasses (young males or adult females). 
One-~ighth to one-fo~h scavenging loss to two 
carcasses; one carcass ~otally scavenged. Fore­
legs of fo~h caribou. De~p, hard-packed snow 
(~3+ em) on kill site, may ~4ve hid other kills. 

Four caribou. Found four heads and one hide. 
All young males or adult females. 

One yearling caribou. !r.dete=rnir.ate sex. 
Ungutted, coth hindqu~ers ~nus ~~e forelegs 
ta~en. Deep snow (53+ em) on kill site. 
Sc = fox. 

One caribou. Ei~~er young male or adult female. 

SO percent loss to scavengers. Ongutted. 

Ca. 110 m from (47) . sc = fox, raven. 


One caribou calf. Indeterminate sex. 50 percent 

loss to scavengers. 


~..,o adult male caribou. Found onl'' .. ' 
t::.o1o antler 


pairs and upper skulls. Deep snow on site 

(.63+ em) • 

One adult male caribou; ca. 200 m from (50). 
Found only one head. 

One female caribou. Age 6. 75 percent 
scavenged, apparently ungutted. 82.5 oercen~ 
femur fat content. Sc = shrew. 

seven caribou. Ca. 200 m from (25). Found 
seven heads and seven rumen piles. All young 
males or adult females. 

13 caribou; 30 m from (53). Four ungutted 
carcasses and nine rumen piles. Four carcasses 
consisted of one adult male, two adults of 
indete:!1!'1inate se;< (young males or adult females) 
and one yearling of un~,own sex. The respective 
percent loss to scavengers were 50, lCO, 75, and 
25. 
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APP:EliDIX D (.continued) 

Date. Kill Site 	 DescriPtion 

26 March 55 	 TWo cari~ou. One carizou older ~~an calf, 
scavenged, ungutted. One ~en pile. 

27 :1arch 56 	 One adult ~ale cari;cu. Ungutted, 25 percent 
scavenged. Sc = fox, raven. 

27 March 57 	 Three caribou. One adult male wi~~ four 
quarters taken and the rest left. One 2 year 
old, indeea~inate sex, 25 to SO percent loss 
to scavengers, 73.3 percent f~~ur fat content. 
One adult male, '.lngt;.tte.d, one eighth loss to 
scavengers. 

28 March 58 	 T"..ro caribou. All four "hams" of the t•,o~o 

carcasses were t~~en as well as one head. Rest 
left in field. Caribou were older t!:lan calves 
and the one with head attached was either a 
young male or adult cow. A fox had urinated 
on the head of the carcass. Sc = fox, shrew. 

3 April 59 	 One male. Age 2 or 3. Eviscerated. Tongue 

taken and it tvas set on its back. Little 

scavenging loss. Sc = fox, raven. 


3 April 60 	 TWo male caribou. Both antlerless. One 

eviscerated, age 5 to 9, the other U.."lg'.ltted, 

age s. VerJ little scavenging. sc = raven. 


3 April 61 	 Seven caribou. Seven rumen piles. one ~ale 


carcass, age 3, 30 percent scav~"'l.ged. One 

f~~le head left, age 6. Sc = rava"l, wolf. 


3 April 62 	 Two :emale caribou. T",.;o heads and r.1men 

piles left. Ages 6 ~"ld 8 years. 
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.'UIPE!IDIX E 

.DESCRIPTION OF HIDlTI~lG PP.ACTICES OBSERVED IN TEE KIA...'lA H:::::~s, 

UORTWNEST ALASXA, 9 11-:r;..~c-.n TO 5 APRIL 1977 

The following is a description of ac~al caribou hunting 

practices observed in late winter in the vicinity of Noggin ~ountain, 

approximately S km sou~~west of Deviation Peak. All of the hunters 

involved were local subsistence hunters pr~arily from Noorvik, ca. 

18 km from Noggin; although hunters from Ki~~a and Kotzebue, ca. 37 

and 64 km, respectively, from Noggin also hunted in this area. All 

hunters obserred, except one, used snowmachines. Observations 1 and 7 

were taken from notes by J. Shea. Observation 2 ;vas taken from notes 

by D. Klein. Observation 3 was taken from notes by both J. Shea and 

D. Klein. 

Observation 

Date Number Descriotion 


9 March 1 	 Saw hunters kill one animal af~er ru~~ing i~ 
with two snowmachines for 5 to 10 ~L~utes. 
Five to six ani.1·nals 't~ere already downed af"':er 
I heard about SO shots in less ~~an 1 hour. 
Four snowmachi.nes and five to six hunters were 
involved in the h~~t altogether. 

10 March 2 	 Saw two snowmachines in area ar.d heard ca. 60 
rifle shots. One machine included two sleds 
and four people; ~~e other ~chine pulled one 
sled and was driven by only one hunter. ~his 

hunter downed four caribou, one of which was a 
calf that he said he took by mi.sta~e. Later 
he pursued more caribou and shot seven ~ore, 
one which later regained i~s feet and joined a 
large herd. ·rhe hunter made an attempt to 
locate the cripple bu-c '.vi t~out success. Sled 
could probably haul eight or nine caribou a"': 
the most, so it is assumed that some caribou 
taken were left in ~~e field. 
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APPENDIX E: (continued} 

Observation 
Date - Nucber 

13 March 3 

22 March 4 

23 March 

Descriotion 

Saw five limping adults and one ~~ing calf. 
Saw and heard t.....,o hunters on a sno"--rnachi.."'l.e 
pulling a sled shoot 13 shots and down three 
animals. 'l"'N'o caribou were killed 400 to 
500 m apart; these were gutted and taken from 
the field. One hundred meters away, a downed 
female calf was still alive. S~"'lters ~assed 

within 20 m of the calf on their snowmachine 
and left it. Portions of the calf were 
salvaged by us t.l;.e following day. )·Tatched 
these same hunters shoot t.~ee shots at a group 
of moving caribou at least 300 m away. No 
hits were obvious and the hunters did not 
pursue the caribou. Observed a man and a boy 
hunting caribou with a sled pulled by 12 dogs 
kill one caribou which was presumably taken 
from t.J.;.e field. Located and approached to 
within 2 m of a wounded unantlered male caribou 
near the top of Noggin. Heard 40 to 50 shots 
today. 

In the early morning, a native from Noorvik 
shot five caribou in fi•re (?) shots wit.1. a 
.243 Win. All caribou were gutted in t.1.e field 
and taken back in a sled. 

In the early morning, anot.1.er native from 
Noorvi.!<. shot six caribou in sL~ shots or so. 
'I'he caribou •.vere sho-e •.vith a . 243 N'in. 'N'ith 
a scope (the hunter's regular rifle was a 
seeped . 270 Win.) • All the caribou ·.>~ere 

hauled to one spo-c wi~h the snowmachine, prior 
to being dressed out and t~<en from t.1.e field. 
Four cows, ages 3, 6, 9, and one male 
yearling ·..;ere deca~;li tated and e•riscerated i:l. 
the field. One ~ale yearling was ta~en from 
t.1.e field without e•riscerated. All t';ie 
females were pregnant. 

http:anot.1.er
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;,pp:s1JDIX .:: (continued) 

Observation 
Date Number 

23 Ma:ch 6 

2 April 7 

Descriotion 

Forty meters from kill site 30, descri~ed in 
Appendix D, I found a fresh gu~ pile. ca. 
120 m from t.~e gut pile I found four 
empty .270 Win. cartridges and one .30-.30 
Win. cartridge adjacent to a fresh snow­
machine trail. This same hunter(s} visited 
kill site 30 and retrie,red five carcasses. 
Darkness prevented searching for signs of 
wounded animals. Only one set of fresh 
caribou tracks (the ar~al killed) were 
noted. 

One hunter on a snowmacn~ne killed t~o 
caribou and fired several other times at a 
movL•g group of animals 300 m away. Two 
wounded animals ~Y'ere observed L"l this group. 
The hunter did not pursue these animals, but 
moved to two o~~er places and shot at least 
five more times. Over 3,000 caribou were 
disturbed in a 5.3 to 7.9 ~2 area. The two 
animals killed ~ere left wit.~out being examined 
by the hunter. (They >Y'ere both 3 year old 
males, one with a f~~ur fat content of 
85.4 percent.) 



3l6 

APPENDIX F 

AG?: STRUCTURE OF 2+ ADrJr.T CARI:30U ::'ROM THE 1959-61 i-JESTE..~ 


ARCTIC EERD COL.!..ECTION OF M}.NDIBLES FROM HUNTE:R-l<IIT.":'D il.N~1ALS 


The age st-~cture of 2+ arlult caribou from ~~e 1959-61 Western 

Arctic Herd is presented below with regards to village and year of 

collection. Ages given are based on ~~e average age st-~cture 

determined by ~o readers. 

Anaktuvuk Pass (1960-61) 

Age l1ale Female Onknown Total 

2 3.0 3.6 ll.S 16.3 
3 3.0 3.2 l3 .5 19.7 
4 3.6 8.5 11.9 24.0 
5 10.8 5.0 7.1 22.9 
6 9.1 4.0 6.0 19.1 
7 2.5 5.3 3.2 11.0 
9 5.5 2.2 o.s 8.2 
9 l.S 0.0 2.7 4.2 

10 0.0 0.0 1.7 1.7 
ll o.o 0.0 2.0 2.0 
12 0.0 l.O l.O 2.0 

TOTAL 39.0 33.0 61.0 133.0 
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APPENDLX F (continued) 

Age Male 

2 5.0 
3 1.5 
4 5.6 
5 3.7 
6 5.7 
7 3.0 
8 1.0 
9 1.5 

10 1.5 
ll 0.5 

TOTAL 29.0 

Noatak (1959-60) 

Fe.'!lale Unk.."lown 

5.0 1.0 
3.5 1.0 
6.8 0.0 
4.2 0.0 
1.5 0.5 
1.5 0.5 
1.5 0.0 
0.5 0.0 
0.5 0.0 
0.0 0.0 

25.0 3.0 

Total 

11.0 
6.0 

12.4 
7.9 
7.7 
5.0 
2.5 
2.0 
2.0 
0.5 

57.0 

Age 

2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 

TOTAL 

Male 

2.0 
4.5 
8.5 
7.5 
3.0 
2.5 
2.0 
0.0 
2.0 
2.0 

34.0 

Noatak (1960-61) 

Female Unknown 

13.9 o.o 
13.6 0.0 

9.0 o . .s 
5.5 0.5 
9.5 0.0 
3.5 0.0 
3.5 0.0 
3.5 0.0 
1.0 0.0 
1.0 0.0 

64.0 1.0 

Total 

15.9 
18.1 
18.0 
l3. 5 
12.5 
6.0 
5.5 
3.0 
3.0 
0.0 

99.0 
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Noatak (exact year unknown: 


Age .Mal""- E'emale 

2 0.0 l.O 
3 0.0 0.5 
4 0.0 0.5 
5 0.0 o.o 
6 0.5 0.0 
7 0.5 0.0 

TOTAL l.O 2.0 

unknown 

0.0 
0.0 
0.0 
0.0 
o.o 
0.0 

0.0 

Kivalina (1959-60) 

Age Hale Female unknown 

2 0.0 0.0 5.2 
3 0.0 0.0 4.8 
4 2.5 0.0 3.2 
5 0.5 o.o 5.2 
6 0.0 0.0 1.2 
7 0.0 2.0 1.4 
a 0.0 0.5 0.9 
9 0.0 0.5 0.4 

10 0.0 0.0 0.9 
ll 0.0 0.0 0.0 
12 0.0 o.o 0.0 
l3 0.0 0.0 0.0 
14 0.0 0.0 l.O 

TOTAL 3.0 3.0 24.0 

1959-61) 

Total 

l.O 
0.5 
0.5 
0.0 
0.5 
0.5 

3.0 

Total 

5.2 
4.8 
5.7 
5.7 
1.2 
3.4 
1.4 
0.9 
0.9 
o.o 
0.0 
0.0 
l.J 

30.0 
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Kivalina (1960-61) 

Male Female Un.lcrlown Total~ 

2 1.5 4.7 10.5 16.6 
3 2.0 5.8 11.5 19.4 
4 2.9 4.5 12.4 19.8 
5 3.1 2.5 5.7 11.3 
6 0.5 5.0 4.1 9.6 
7 0.5 0.5 1.0 2.0 
a 0.5 1.5 2.8 4.8 
9 1.0 0.5 5.5 7.0 

10 1.0 0.0 0.5 1.5 
ll 1.0 0.0 1.0 2.0 
12 0.0 0.0 1.0 1.0 
13 o.o 0.0 1.0 1.0 

TOTAL 14.0 25.0 57.0 96.0 

Kivalina (exact year unknown: 1959-61) 

Age Male Female Un.l(nown Total 

2 0.0 0.0 4.0 4.0 
3 o.o 0.0 5.0 5.0 
4 0.0 o.o 5.7 5.7 
5 0.5 0.0 6.5 7.0 
6 0.5 0.0 4.9 5.4 
7 o.o 0.0 4.5 4.5 
8 o.o 0.0 4.0 4.0 
9 0.0 0.0 1.5 1.5 

10 o.o 0.0 0.5 0.5 
ll 0.0 0.0 0.5 0.5 

TOTAL 1.0 0.0 37.0 38.0 
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Point E:oce (1959-60) 

Aqe Male Female Unknown Total 

2 2.5 2.2 3.0 7.8 
3 0.5 0.2 1.5 2.2 
4 0.5 2.0 0.5 3.0 
s 1.5 0.5 0.0 2.0 
6 0.0 4.0 o.o 4.0 
7 0.0 0.0 0.0 0.0 
8 0.0 2.0 o.o 2.0 
9 0.5 0.0 0.0 0.5 

10 o.s 0.0 0.0 0.5 

TOTAL 6.0 11.0 5.0 22.0 

Point Hooe (1960-61) 

Age Male Female Unknown Tot:al 

2 0.0 6.5 0.6 7.1 
3 0.0 2.0 4.9 6.9 
4 0.5 1.0 6.0 7.5 
s 2.5 0.5 5.0 8.0 
6 0.0 1.0 2.5 3.5 
7 0.0 0.0 2.5 2.5 
8 0.0 0.0 0.5 0.5 
9 o.o 0.0 0.5 0.5 

10 o.o 0.0 1.5 1.5 

TOTAL 3.0 11.0 24.0 38.0 

PoL"lt Hooe (e..""l:act:. vear '..:U."l.i<:.r.0\.Jn : 1959-61) 

Age Male Female On.!<..."lown ':'atal 

2 0.0 l.O 1.0 2.0 
3 o.o 0.0 1.0 1.0 
4 o.o 0.5 1.0 1.5 
5 0.0 0.5 0.0 0.5 
6 0.0 0.0 0.0 0.0 
7 o.o 0.0 1.0 1.0 

TOTAL 0.0 2.0 4.0 6.0 
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APPENDIX G 

.\GE STRUCT"..JRE OF 2+ ADULT CARIBOU FROM THE 1975-76 w"ESTERN 


ARCTIC HE.."'D COLLECTION OF INCISIFORM T'C'....ETH FR0...\1 HUNTER-KJ:T.I ~o Ai.'l!MALS 


Aqes given here were de~er.mined as in Appendix F. 

Ambler, Evansville, Kotzebue, and Shungnak* 

Male Female OnJmown Total~ 

2 2.0 0.0 2.0 4.0 
3 l.O 0.0 4.5 5.5 
4 1.0 o.o 3.5 4.5 
5 1.0 0.0 o.s 1.5 
6 2.0 o.o 1.5 3.5 
7 0.0 0.0 l.O l.O 
8 1.0 0.0 0.0 l.O 

TOTAL 8.0 0.0 13.0 21.0 

*Includes eight males from Shungnak, t~ree unknown 
sex animals from Kotzebue, three u~~own sex 
animals from Evansville, and seven ur~nown s~~ 
animals from Ambler. 

Barrow 

Age Male Female Unknown Total 

2 o.o 0.0 6.0 6.0 
3 3.5 l.O 3.5 8.0 
4 4.0 0.5 9.0 10.5 
5 l.O 0.5 9.0 10.5 
6 l.O 0.5 2.5 4.0 
7 4.0 0.0 4.9 8.9 
8 2.5 0.0 4.2 6.7 
9 1.0 o.o 3.9 4.9 

10 0.0 0.0 l.O l.O 
ll 0.0 0.0 1.0 1.0 

TOTAL 17.0 2.0 44.0 63.0 




322 

APPEUDIX G (continued) 

Kiana 

Acre :1a1e Female Unk:.own Total-
2 3.0 s.o 2.0 10.0 
3 3.0 s.o 2.0 10.0 
4 8.2 4.4 3.0 15.6 
5 17.4 4.4 3.0 24.8 
c "" 18.4 3.3 1.0 22.7 
7 7.9 2.0 3.0 12.8 
8 2.2 l.O 2.0 5.2 
9 0.0 3.0 o.o 3.0 

10 0.0 3.0 0.0 3.0 
11 o.o 0.0 1.0 LO 

TOTAL 60.0 31.0 17.0 109.0 

Kiana Hills 

Age Male Female Onknown Total-
2 3.2 1.2 10.0 14.4 
3 6.4 1.7 9.0 17.1 
4 1.6 5.2 0.0 6.8 
5 5.2 5.4 o.o 10.6 
6 o.o 13.7 0.0 !3. 7 
7 1.1 7.1 0.0 8.2 
8 0.0 6.6 0.0 6.6 
9 0.5 3.5 0.0 4.0 

10 0.0 2.0 0.0 2.0 
ll 0.0 2.0 0.0 2.0 
12 0.0 0.5 0.0 o.s 

TOTAL 18.0 49.0 19.0 86.0 
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~PENDIX G (con't-inued) 

Kivalina 

Age !1a.le Female Unknown Total 

2 7.0 2.0 8.5 17.5 
3 7.0 0.0 5.5 12.5 
4 10.4 2.5 14.0 26.9 
5 9.7 0.5 7.8 18.0 
6 7.4 l.O 7.2 15.6 
7 3.5 0.5 3.5 7.5 
8 2.5 1.5 1.5 5.5 
9 2.5 0.5 1.5 4.5 

10 0.0 0.5 0.5 l.O 
ll 0.0 0.0 0.0 0.0 
12 1.0 o.o 0.0 l.O 
13 0.0 0.0 l.O 1.0 
14 1.0 0.0 0.0 l.O 

TOTAL 52.0 9.0 51.0 112.0 

NoorTik 

Age Male Female t1nk."'1own Total 

2 0.0 4.0 25.2 29.2 
3 0.0 3.0 20.8 23.8 
4 l.O 4.7 35.1 40.8 
5 3.0 1.2 33.5 37.7 
6 2.0 1.2 18.4 21.5 
7 l.O 1.0 16.5 18.5 
8 0.0 2.0 15.9 17.9 
9 0.0 2.0 6.6 8.6 

10 0.0 0.0 2.1 2.1 
ll 0.0 o.o 4.0 4.0 
12 0.0 0.0 3.0 3.0 
l3 0.0 0.0 l.O l.O 

TOTAL 7.0 19.0 182.0 208.0 
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APPENDIX G (cont.i.:lued) 

Point Hoce 

Age Male Female Unknown Total 

2 0.0 0.0 3.5 3.5 
3 0.5 o.o 3.5 4.0 
4 2.5 1.5 4.5 8.5 
5 l.O l.O l.O 3.0 
6 0.0 0.5 1.5 2.0 
7 0.0 0.0 2.5 2.5 
8 0.0 0.0 5.0 5.0 
9 0.0 0.0 2.0 2.0 

10 l.O 0.0 l.O 2.0 
ll 0.0 0.0 0.5 0.5 

TOTAL 5.0 3.0 25.0 33.0 

Selawik 

Age Male Female Unknown Total 

2 2.1 2.0 6.6 10.7 
3 6.3 0.0 15.4 21.7 
4 4.2 o.o 13.0 17.2 
5 6.3 0.0 ll. 0 17.3 
6 4.2 0.0 9.0 13.2 
7 2.0 0.0 8.0 10.0 
8 3.0 0.0 6.0 9.0 
9 0.0 l.O l.O 2.0 

10 1.0 l.O 0.0 2.0 
ll 0.0 o.o l.O 1.0 
12 0.0 0.0 l.O l.O 

TOTAL 29.0 4.0 72.0 105.0 
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COMPARISON OF T3E AGE STRUCTURE OF tH£ 1959-61 .~ID 1975-76 
NESTER..~ ARCTIC HERD HrutVEST COLLZCTIONS 

This appendix summarizes x2 contingen~J tests compari~g ~e age 

structure of village harvests of the WAH in 1959-61 and 1975-76. 

Year Calves l+ Total 

1959-61 76 867 943 
1975-76 64 720 784* 

TOTAL 140 1,587 1, 727 

x2. .. 0.006, df .. 1, p < 0.95 

*Does not include ~~e Kiana Hills collection. 

Year Yearlinqs 2+ Total 

1959-61 92 775 867 
1975-76 72 704 776* 

TCTAL 164 1, 479 1,643 

x2. = 0.810, df = 1, 0.25 < p < o.so 

Year 'I"Wo-year-o1ds 3+ Total 

1959-61 89 433 522 
1975-76 95 641 736 

TOTAL 184 1,074 1, 258 

x2 "" 4.196, df = 1, 0.025 < p < 0.05 
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APPENDIX H ( conti.:'lued) 

3+ Males 

Year 3-6 7.:,. Total-
1959-61 81 3.2 113 
1975-76 129 36 165 

TOTAL 210 68 278 

x2 • 1.534, cf = 1, o.1o < ? < o.25 

3+ :'ema1es 

Year 3-6 7+ Total-
1959-61 lOS 31 136 
1975-76 37 22 59 

TOTAL 142 53 195 

x2 • 4.368, df = 1, 0.025 < p < 0.05 

3+ ~1ales 

Year 3-4 5-6 7+ Total 

1959-61 35 46 32 113 
1975-76 54 75 36 165 

TOTAL 89 121 68 278 

x2 p• 1. s1o, df = 2, 0.25 < < 0.50 
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APPENDIX 3 (continued) 

3+ Females 

Yea:r 3-4 5-6 7+ Total 

1959-61 
1975-76 

60 
23 

45 
14 

31 
22 

136 
59 

TOTAL 

x2 = 4.627, df = 

83 

2, 0.05 

59 

< p < 

53 

0.10 

195 



Alonso, w., and E. Rust. 1976. The evolvL~g ?atte~ of village 
Alaska. Federal-State Land Use Planning Commission for 
Alaska. Berkeley ?lannL~g Associa~es, Berkeley, Ca. 
~o. 17. 70 pp. 

Atwell, G. 1964. An aerial census of wolves in the Nelchina 
wolf study area. Proc. Alaska Sci. Conf. 14:79-83. 

Baskin, t. M. 1970. Reindeer ecology and behaviour. Inst. 
Eval. MOrEJh. and Ecol. of Animals. Acad. Sci., Moscow. 
Unpubl. English transl. by Foreign tang. Div., Dept. of 
State, Ottawa. Original in Russian. 

Banfield, A. ii. F. 1954. Prelimina-ry investigation of the barren 
ground caribou. ?art II. Life histor'l, ecology, and 
utilization. Can. Wildl. Manage. Bull., Ser. 1, No. 10 B. 
112 pp. 

Banfield, A. 1-1. F. 1955. A provisional life table for the barren 
ground caribou. Can. J. Zool. 33:143-147. 

Banfield, A. W. F. 1957. The plight cf ~~e barren-ground 
caribou. Oryx 4:5-20. 

Bee, 	J. w., and E. R. Hall. 1956. Mammals of northern Alaska on 
the arctic slope. Univ. Kansas Mus. )!'a~. Hist. Hisc. Publ. 
No. 9. :309 pp. 

Bente, P. J., and D. G. aoseneau. 1978. An aerial photo-es~imate 
of ~"le 1977 Porcupine Caribou Herd ?Opulation. ?.ene'.vable 
Resources Consulting Se~Tices, Ltd. Unp. repo~ to Foothills 
Pipe Lines (Yukon) Ltd., Alaska Dept. Fish and Game, and u.s. 
Fish Wildl. Serv., Fairbanks, Ak. 84 pp. 

Berger~d, A. T. 1961. Sex determination of caribou calves. 
J. Wildl. Manage. 25:205. 

Bergerud, A. T. 1963. Aerial winter census of caribou. J. Wildl. 
Manage. 27:438-449. 

Bergerud, A. T. l964a. Relationship of mandible length to sex in 
Newfoundland caribou. J. ~vild. Manage. 28:54-56. 

328 



329 

Bergerud, A. r. l964b. A field me~~od to determine annual 
parturition rates for Ne•11foundland caribou. J. i'l'ildl. 
Manage. 28:477-480. 

Bergerud, A. ·T. 1967. Management of Labrador caribou. J. Wildl. 
Manage. 31:621-642. 

Berger.1d, A. T. l97la. Hunti.."lg of stag caribou i.."l Newfoundland. 
J. Wildl. Manage. 35:71-75. 

Bergerud, A. T. 1971l:l. The population dynamics of Ne•,o~foundland 
caribou. Wildl. Monographs No. 25. 55 pp. 

Bergerud, A. T. 1972. Food habits of Newfoundland caribou. J. 
Wildl. Manage. 36:913-923. 

Berger.1d, A. T. l974a. Relative abundance of food in winter for 
Newfoundland caribou. OL~os 25:379-387. 

Bergerud, A. T. l974b. Rutting behavior of the Newfoundland 
caribou. Pages 394-435 ~ The Behavior of Ungulates and its 
Relation to ~1anagement. IUQt Publ. N.S. No. 24, Vol. l. 

Berger..J.d, A. T. l974c. The decli."le of caribou in North. America 
following settlement. J. Wildl. Manage. 38:757-770. 

Bishop, R. H., and R. A. Rausch. 1974. Moose population 
fluctuations in Alaska, 1950-1972. Nat. Can. 101:559-593. 

Bos, 	G. N. 1973. Nelchina caribou report. Alaska Dept. Fish and 
Game, Fed. Aid in Wildl. Restor., Proj. W-17-4 and \i-17-5. 
Juneau, Ak. 25 pp. 

Bos, 	G. N. l974a. Computerized population models for use in caribou 
management plans. Alaska Dept. Fish and Game, Fed. Aid in 
Wildl. Restor., Proj. W-17-3, ii-17-4, and l..r-17-5. Juneau, 
Ak. 34 pp. 

Bos, 	G. N. l974b. Nelchina and t1entas-ca caribou reports ..:Uaska 
Dept. Fish and Game, Fed•.;id in Wildl. Restor. Proj. W-17-5 
and W-17-6. Juneau, Ak. 50 pp. 

Bos, 	G. N. 1975. A partial analysis of the current population 
status of the Nelchina caribou herd. Pages 170-180 in J. R. 
Luick, P. c. Lent, D. R. Klein, and R. G. White, eds. Proc. 
First Intl. Reindeer/Caribou Symposi~~. Univ. of Alaska, 
Fairbanks, Ak. 551 pp. 

http:Berger.1d
http:Berger.1d


330 

Buec~er, H. K. 1960. The bighorn sheep in the United States, 
its past, present, and future. ~hldl. :1onographs 4. 174 pp. 

Bunnell, F., D. c. Dauphine, R. Hilborn, D. R. Miller, F. L. 
~.iller, E. H. Mc..c>wan, G. R. Parker, R. Peterman, G. 1'1. Scatter, 
and J. C. Walters. 1975. Prel~~arf report on computer 
simulation of barren ground caribou management. Pages 189-193 
in J. R. Luick, ?. c. Lent, D. R. Klein, and R. G. White, eds. 
Proc. First Intl. ReL~deer/Caribou Symposium, Univ. of Alaska, 
Fairbanks, Ak. 551 pp. 

Burch, E. S., Jr. 1972. The caribou/wild reindeer as a human 
resource. Am. Antiquity 37:339-68. 

Burkholder, 9. L. 1959. Movements and behavior of a wolf pack 
in Alaska. J. Nildl. Manage. 23:1-ll. 

Burris, 0. E., and D. E. McKnight. 1973. Game transplants in 
Alaska. Alaska Dept. Fish and Game, Wildl. Tech. Bull. No. 4. 
57 pp. 

Cameron, R. D., and K. P. Whitten. In press. Seasonal movements 
and sexual segregation of caribou dete~ned by aerial 
survey. J. Nildl. Manage. 

Caughley, G. 1974. Bias in aerial survey. J. Wildl. Manage. 
38:921-933. 

Caughley, G., and L. C. Birch. 1971. Rate of increase. J. 
~'lildl. Manage. 35:658-663. 

Caughley, G., R. Sinclair, and D. Scott-Kernmis. 1976. Experiments 
in aerial survey. J. Nildl. Ma."lage. 40:290-300. 

Cheatum, E. L., and C. W. Severinghaus. 1950. iJariations in 
fertility of white-tailed deer rela~ed to range conditions. 
Trans. N. Am. Wildl. Conf. 15:170-189. 

Clark, K. R. F. 1971. Food habits and behavior of the tundra wolf 
on central Baffin Island. Ph.D. Thesis, Univ. of Toronto, 
Toronto. 221 pp. 

Cochran, \'1. G. 1954. Some methods of strengthening the common , 
x2 tests. Biometrics 10:417-451. 

Cochran, W. G. 1963. Sampling techniques. John Wiley and Sons, 
New York. Second ed. 413 pp. 

Cowan, I. MeT., and A. J. Wood. 1955. The growth rate of the 
black-tailed deer (Od.oaoi Zeus hemoinus ao ~;.,.,rnbicznus) . J. 1-iildl. 
Manage. 19:331-336. 



331 

Davis, J. L. 1976. Some aspects of human use of ~he ~veste.rn 
Arctic Caribou Herd. Unp. ADF&G report presented to 
Alaska State Senate Resource Committe~. Juneau, Ak. 29 pp. 

Davis, J. L. 1978. Age str~cture of caribou populations in 
Arctic Alaska. Alaska Dept. Fish and Game, Fed. Aid in 
1tlild1. Restor. , Proj. W-17-9,10. Juneau, AK. 9 pp. 

Davis, J. L., c. Grauvogel, and H. Reynolds. 1976. The western 
arctic caribot;. herd. Onp. Alaska Dept. Fish and Game staf= 
report to Alaska Board of Game. 20 pp. 

Davis, J. L., and H. Reynolds. 1977. Distribution of wintering 
caribou in northwest Alaska 1976-77. Unp. Interim Report, 
Alaska Dept. Fish and Game, Fed. Aid in Wildl. Restor., 
Proj. Job I!!B-3.21R. Juneau, Ak. n.s. 

Davis, J. L., and?. Va.lkenburg. 1977. NPR-A caribou studies. 
Unp. Interim Report, Alaska Dept. Fish and Game. 22 pp. 

Dauphine, T. c., Jr. 1976. Biology of the Kaminuriak population 
of barren-ground caribou. Part 4. Growth, reproduction, and 
energy reserves. can. Wildl. Service Report Ser. I No. 38. 
69 pp. 

Dean, ?. c., and D. L. Chesemore. 1974. Studies of birds and 
mammals in the Baird and Schwatka Mountains, Alaska. Biol. 
Pap. Univ. of Alaska, No. 15. 80 pp. 

Dean, C. F., and G. A. Gallaway. 1965. A FORTRAN program for 
population study wit.."l mL,ima1 computer training. J. Nildl. 
Manage. 29:892-894. 

deVos, A. 1960. Behavior of barren ground caribou on ~"leir 

calving grounds. J. Wildl. Manage. 24:250-258. 

Doerr, J. G. In prep. Notes on ~"le reliabilicy of age and sex 
determination of caribou from mandibles and teeth. ACF&G 
Final Report 

Doerr, J. G., and R. A. Dieterich. In press. Mandibular lesions 
in the western arctic caribou herd. J. Wildl. Dis. 

Foote, D. C., and H. A. Williamson. 1966. A human geographical 
study. Pages 1041-1107 inN. J. Wilimovsky and J. ~. ;volfe, 
eds. Environment of the Cape Thompson Region, Alaska. U.S. 
Atomic £nergy Comrn., Washington. 1250 pp. 

http:veste.rn


332 

Gardner, A. L. 1974. Mammals of ~~e ~oatak River valley. Pages 
224-251 in S. B. Young, ed. T!'l.e environment of t.'1e ~loata."':. 

River basin, Alaska. Contr. from t!'l.e Center for ~orthe~ 
Studies, No. L Wolcott, Vt. 584 pp. 

Giddings, J. L. 1961. Kobuk River people. Cept. Ant.."'lropology 
and C~ography. Studies of Nort!'l.ern Peoples, Univ. of Alaska, 
Fairbanks, No. l. 166 pp. 

Glenn, L. P. 1967. Caribou report. Alaska Dept. Fish and Game, 
Fed. Aid in Wildl. Restor., Proj. W-15-T-1,2. Juneau, Ak. 
36 pp. 

Goodman, L. A. 1960. On t!'l.e exact variance of products. .~er. 

Statistical Assoc. J. pp. 708-713. 

Gossow, H. 1974. Natural mortality pattern in the Spitzbergen 
reindeer. Pages 103-106 in ?roc. llth Intl. Cong. of Game 
Biologists. Stockholm, 1973. 

Grauvogel, C., and R. Pegau. 1976. Caribou survey-invento~J 
progress report--1974: Game Management Units 23, 24, and 25-­
Arctic herd. Pages 36-37 in D. E. McKnight, ed. Annual 
report of survey-inventor/ activi~ies. Part III. Caribou, 
brown bear, polar bear, and black bear. Alaska Dept. Fish 
and Game, Fed. Aid in Wildl. Pester., ?raj. W-17-7. 157 pp. 

Haber, G. C. 1977. Socio-ecological dynamics of wolves and prey 
in a sub-arctic ecosystem. Unp. Ph.D. Thesis, Univ. of 
Britis!'l. Columbia, Vancouver. 876 pp. 

Hemming, J. E. 1971. The distribution moverr.ent patte~s of ca:ibou 
in Alaska. .Uaska Dept. Fish and Game, "tiildl. Tech. Sull. 
No. l. 60 pp. 

Hemming, J. E. 1975. Population growt!"l and movement patterns of t!'l.e 
Nel~"'lina caribou herd. Pages 162-169 in J. R. Luick, ?. c. 
Lent, D. R. Klein, and R. G. 'Nhite, eds. Proc. First Intl. 
Reindeer/Caribou Symposil.Zl, Uni•;. of Alaska, E'ai.=bar..ks, Ak. 
551 pp. 

He~ing, J. E., and L. P. Glenn. 1968. Caribou report. Alaska 
Dept. Fish and Gatne, Fed. Aid i.:1 Nildl. ?..escor. , Prcj. N-15-R-2. 
Juneau, Ak. 41 pp. 

Hemming, J. E., and L. ?. Glenn. 1969. Caribou report. Alaska 
Dept. Fish and Game, Fed. Aid i.n Wildl. Resto.=., ?roj. ;·l-15-?.-3 
and W-17-l. Juneau, Ak. 37 pp. 

http:Symposil.Zl


333 

Henny, C. J. 1 ~i. S. Cvercon, and H. M. I>Iigh't. l.970. Determining 
parameters for populations by using s1:r~ctural models. J. 
Wildl. Manage. 34:690-703. 

Jones, R. D. 1966. Raising cari~ou for an Aleutian introducticn. 
J. t-lildl. ~ianage. 30 : 45 3-460 . 

Kelly, M. rtl. 195 4. Observaticns afield en 2Uaskan ·..,rolves. Proc. 
Alaska Sci. Conf. 5:35. 

Kelsall, J. P. 1957. Continued barren-gro~~d caribou s1:udies. 
Can. Wildl. Serr. , Nildl. 1-!anage. St:.l.l. , Ser. l, :Jo. 12. 
148 pp. 

Kelsall, J. P. 1960. Co-operative s1:udias c= =a~ren-gro~~d cari~ou 
195 7-58. Can. Wildl. Serv. , ~~TildL ~1anage. 3ull. , S.e:.:::. l, 
No. 15. 145 pp. 

Kelsall, J. P. 1968. The migrator/ barren-grocnd cari~ou of 
Canada. Queens Printer, Ottawa. 340 pp. 

K.ish, L. 1965. Survey sa:rnp ling. John :·Tiley a."'l.d Sons 1 Inc. , 
New York. 643 pp. 

KleL~, D. R. 1964. Range-related differences in growth of deer 
reflected in skeletal ratios. J, Mammal. 45:226-235. 

Klein, D. R. 1968. The introduction, increase, and crash of 
reindeer on St. Ma-ethew Island. J. ;-Jildl. !1anage. 32:350-367. 

:<1ein1 D. R. 1970. Food selection by North ~~erican deer and 
their response to over-utilization of prefe:.:::red plant species. 
Pages 25-46 in An~~al populations in relation co their 
food resources. Srit. Ecological Societ:y Symp. ~To. 10. 
Blackwell Scientific ?ubl. 1 Oxford and Edinburgh. 447 pp. 

Klein, D. R., and H. St:randgaard. 1972. Factors affecting g:rowt.~ 
and body size of roe deer. J. vlildl. Manage. 36:64-79. 

KJ.ein, D. R., and R. G. :'4nite, eds. 1978. Par~eta:rs of cari~ou 
population ecology in Alaska: Proceedings of a s:r.nposium ~~d 
workshop. aiel. Papers Uni''· of Alaska, Spec. Rep. ~~o. 3. 
49 pp. 

Kuyt, E. 1972. Food habits of wolves on bd:rren-ground caribou 
range. Can. Wildl. Serv. Report Ser. :,io. 21. 36 pp. 



334 


Lantis, M. 1950. The reindeer industr] in Alaska. ~ctic 

3:27-44. 

LaPer:iere, A. J., and P. c. Lent. 1977. Caribou feeding sites 
in relation·to snow characteristics in nor--~eastern Alaska. 
Arctic 30:101-108. 

Lent, P. c. 1960. Project C.'l.ariot. Phase III. Caribou investi ­
gations, northwest Alaska. Onp. progress report, AEC Contract 
No. AT(04-2)-310. 57 pp. 

tent, P. C. 1961. Project Chariot. Phase !!!. Caribou in-;esti ­
gations, no~'l.west Alaska. Unp. progress report, AEC Contract 
No. AT(04-2)-3l0. 14 pp. 

Lent, P. c. 1965. Obser~ations of antler shecding by female 
bar:en-ground caribou. Can. J. Zool. 43:553-558. 

Lent, P. c. l966a. Calving and related social behavior in the 
barren-ground caribou. Zeitschrift fur Tierpsychologie 
23:701-756. 

Lent, P. c. 196Gb. The caribou of northwestern Alaska. Pages 
481-517 !aN. J. Wilimovsky and J. N. Wolfe, eds. Environment 
of the Cape Thom?son region, Alaska. U.S. Atomic Ener~t Comm., 
Washington, D.C. 1250 pp. 

tent, P. c., and 0. L¢n~. 1962. Terrestrial ma~al investiga~ion, 
Ogotoru.~ creek-Cape 'rhompson and '1'icini ty. Part C: Caribou 
investigation, northwest Alaska. Onp. manuscript, AEC Contract 
No. AT(04-2)-3l0. 46 pp. 

Lentfer, J. 1965. Caribou report. Alaska Dept. Fish and Game, 
Fed. Aid in Wildl. Restor., Proj. W-6-R-5 and iv-6-R-6 . .J'uneau, 
A.k. 20 pp. 

LeResche, R. E:. 1975. The inte.rnaticnal he.:-ds: present kr..o•,..ledge of 
the Fortymile ~~d Porcupine caribou herds. ?ages 127-139 in 
J. R. Luick, P. C. Lent, D. R. :<lein, .3Jld R. G. Nhit.e, ads. 
Proc. First L~tl. Reindeer/Caribou Symposium, Univ. of Alaska, 
Fair.ban.~s , .il.k. 551 pp. 

LeResche, R. E., and R. A. Rausch. 1974. Accuracf and precision 
of aerial moose censusing. J. Wildl. Manage. 38:175-182. 



335 

LaResche, R. E., R. H. 3ishop, and J. iv. Coady. 1974. 
Distribution and habits of moose in Alaska. Nat. Ca."'l.. 
101:14.3-78. 

McGowan, T. A. 1966. Caribou report. Alaska Dept. Fish and 
Game, Fed. Aid in t•1ildl. Restor., Proj. rl'i-6-R-6 and W-15-R-l. 
Juneau, Ak. 19 pp. 

Mcilroy, c. 1974. March 1974 wol£ survey. Unp. memorandum, 
Alaska Dept. Fish and Game. 4 pp. 

l-1cKnight, D. E., ed. 1970. Annual report of survey-inventory 
activities. Part II. Caribou, crown cear, sheep, furbearers, 
marine mammals, bison, goat, wolf, and black bear. Alaska 
Dept. of Fish and Game, Fed. Aid in Wildl. Restor., Proj. 
W-17-2. Juneau, Ak. 94 pp. 

McKnight, D. E., ed. 1971. Annual report of surTey-inventory 
activities. Part II. Caribou, brown-grizzly bear, sheep, 
furbearers, marine mammals, bison, goat, wolf, wolverine, 
and blac.l<:. bear. Alaska Dept. Fish and Game, Fed. Aid in 
Wildl. Restor., Proj. W-17-3. Juneau, Ak. 145 pp. 

H.cKnight, D. E., ed. 1974. Annual report of sur.rey-inventoty 
activities. Part II. Moose , caribou, marine mammals , and 
goat. Alaska Dept. Fish and Ga.t!!e, Fed. Aid in Wildl. Restor. , 
Proj. W-17-5. Juneau, Ak. 269 pp. 

Mc~"light, D. E., ed. 1975. Annual report of sur.rey-inven~orJ 
activities. Part III. Caribou, marine mammals, mcuntaL"l goat, 
wolf, and black bear. Alaska Dept. Fish and Game, Fed. Aid in 
Wildl. Restor., Proj. W-17-6. Juneau, Ak. 198 pp. 

Mc~"light, D. E., ed. 1976. Annual report of survey-inventorJ acti­
vities. Par-:: III. Cari.bou, brow-n bear, polar bear, and blac.lt 
bear. Alaska Dept. Fish and Game, Fed. Aid in Wildl. Restor., 
Proj. W-17-7. Juneau, Ak. 157 pp. 

Hech, L. D. 1966. The wol ''es of Isle Royale. Nat. Parks Fauna 
Ser. Mo. 7. 210 pp. 

~tech, L. D. 1970. :'he wo1!: the ecoloqy and behavior of an 
endangered species. Natural History Press, Garden City, 
New York. 384 pp. 



336 

Mech, L. D. 1977. Population trend and '"'inter deer consumption 
in a Minnesota wolf pack. Pages 55-83 in R. L. Phillips and 
c. Jonkel, eds. Proc. 1975 predator symposium. ~ontana 

Forest and Conservation EX?. Stn., Univ. of ~1ontana, Missoula. 
268 pp. 

Miller, c. R. 1975. Observations of wolf predation on barren 
ground caribou in wi.-.ter. Pages 209-220 in J. R. Luick, P. 
c. Lent, D. R. Klein, and R. G. Nhite, ed5."' Proc. First Intl. 
Reindeer/Caribou Symposium, Univ. of Alaska, Fairbanks, Ak. 
551 pp. 

Miller, F. L. 1972. Er~ption and attrition of mandibular teeth 
in barren-ground caribou. J. Wild. Manage. 36:606-612. 

Miller, F. L. 1974. Biology of the Kaminuria~ population of 
barren-ground caribou. Part 2: Dentition as an indicator of 
age and sex; composition and socialization of the population. 
Can. iVildl. Serv. Rep. Ser. No. 31. 87 pp. 

Miller, F. L., and E. Broughton. 1974. Calf mortality on the 
calving grounds of Kaminuriak caribou, during 1970. Can. 
Wildl. Serv. Rep. Ser. No. 26. 25 pp. 

Murie, A. 1944. The wolves of Mount McKinley. U.S. Dept. Interior, 
Natl. Park Serv., Fauna Ser. 5. 238 pp. 

Murie, 0. J. 1935. Alaska-Yukon caribou. U.S. Bur. Biol. Survey, 
N. Am. Fauna No. 54. 93 pp. 

Neiland, K. A. 1970. Weight of dried marrow an indicator of fat 
in caribou femurs. J. \'lildl. Manage. 34:904-907. 

Neiland, K. A. 1972. Caribou disease st~dies. Alaska Dept. Fish 
and Game, Fed. Aid in Wildl. Restor., Proj. W-17-2 and W-17-3. 
Juneau, Ak. 42 pp. 

Neiland, K. A. 1978. caribou disease studies. Alaska Dept. Fish 
and Game, Fed. Aid in ;-?ildl. Restor. , Proj. r.v-17-4 through 
W-17-10. Juneau, &~. 67 pp. 

Neiland, K. A., J. A. King, B. E. Huntley, and R. 0. Skoog. 1968. 
The diseases a"ld parasites of Alaskan wildlife populations. 
Part I: Some observations on br~cellosis in caribou. Sull. 
Wildl. Disease Assoc. 4:27-36. 



337 

Parker, G. R. 1971. Trends in ~he population of barren-ground 
cari~ou of mainland Canada over t~e las~ ~Ho decades: a 
re-evaluation of the evidence. Can. Wildl. Ser., Cccas. 
Papers No. 10. 9 pp. 

Parker, G. R. 1972. Biology of the ~aminuria~ population of 
barren-grou.."ld caribou. Part I: To~al numbers, mortality, 
recr..li tnent, and seasonal dist=ibution. Can. WildL Se.r. 
Rep. Ser. No. 20. 93 pp. 

Parker, G. R. 1973. Distribution and densities of wol~Tes wit.~in 
barren-ground caribou range in northern mainland Canada. 
J. Mammal. 54:341-348. 

Parker, G. R. 1975. A review of aerial su~;eys used for estL~ting 
the numbers of barren-ground caribou in northern Canada. 
Polar Record 17:627-638. 

Patterson, A. 1974. Subsistence harvests in five native 
regions. Joint Federal-State Land Ose Planning Commission 
for Alaska. 48 pp. 

Pegau, R. E. 1975. Analysis of t.~e Nelchina caribou range. 
Pages 316-334 in J. R. Luick, P. c. Lent, D. R. Klein, and 
R. G. t~ite, eds. Proc. First Intl. Reindeer/Caribou Symposium, 
Univ. of Alaska, Fairbanks, Ak. 551 pp. 

Pegau, R. E., and J. E. Hemming. 1972. Caribou report. Alaska 
Dept. Fish and Game, Fed. Aid in ~vildl. Restor. , Proj . 
W-17-2 and W-17-3. Juneau, rlk. 226 pp. 

Pruitt, W. 0., Jr. 1960. Behavior of ~he barren-ground caribou. 
Univ. of Alaska, Biol. Pap. ~o. 3. 44 pp. 

Pimlott, D. H. 1967. Wolf predation and ungulate populations. 
Am. Zool. 7:267-278. 

Raus~~. R. A. 1967. Some aspects of t.~e population ecology of 
wolves, Alaska. Am. Zool. 7:253-265. 

Rausch, R. A. 1968. i'lolf studies. Alaska Dept. Fish and Game, 
Fed. Aid in Wildl. Restor., ?roj. 'ii-15-R-2 and \'i'-15-R-3. 
Juneau, Ak. 51 pp. 

Rausch, R. A. 1969a. A s~~arJ of wolf studies in southcentral 
Alaska, 1957-1963. Trans. ~- Am. :.Vildl. ~rat. Res. Con.f. 
34:117-131. 



338 

Rausch, R. A. 1969b. Statewide wolf ?Opulation st~dies. 
Alaska r::ept. Fish a."'l.d Game, Fed. Aid in 't7ildl. Restor. , 
Proj. W-17-1. Juneau, Ak. 36 pp. 

Rausch, R. A. , and R. A. Hi."lman. 1977. Wolf management in Alaska-­
an exercise in futility? Pages 147-156 ~ R. L. Phillips and 
c. Jonkel, eds. Proc. 1975 Predator Symposium. Montana 
Forest and Conser~a~ion Exp. Stn., Oniv. of Montana, Missoula, 
Montana. 268 pp. 

Rausch, R. t.. 1951. Notes on the Nunamiut Eskimo and mammals of 
t.."le Anaktuvuk Pass region, Brooks Range, Alaska. Arctic 
4:147-195. 

Rei.~ers, E. 1972. Growth in domestic and wild reindeer in NorNay. 
J. Wildl. Manage. 36:612-619. 

Reimers, E. 1975. Age and sex structure in a hunted population 
of reindeer in NorNay. Pages lSl-188 ~ J. R. Luick, P. c. 
t.ent, o. R. Klein, and R. G. r~ite, eds. Proc. First Intl. 
Reindeer/Caribou Symposium, Oniv. of Alaska, Fairbanks, .l!.J<. 
551 pp. 

Reimers, E. 1977. Population dynamics in two subpopulations of 
reindeer in Svalbard. Arctic and Alpine Research 9:369-381. 

Rodahl, K. 1963. The last of ~~e few. Harper and Row, New 
York. 208 pp. 

Saario, D. J., and B. Kessel. 1966. Human ecological investigations 
at Kivalina. Pages 969-1039 in N. J. ~'lilimovsky and J. N. 
Wolfe, eds. ~"lvironment of the Cape Thompson region, Alaska. 
u.s. Atomic ~"'l.ergy Comm., i'lashington. 1250 pp. 

Scott, R. F., E. F. Chatelain, and w. A. EL~ins. 1950. The 
status of the Dall sheep and caribou in d.laska. Trans. t:t. Am. 

Wildl. conf. 15:612-626. 

Scott, R. F., S. T. Olson, R. 0. Skoog, D. R. Klein, H. C. 
Hanson, A. Courtright, s. J. Harbo, Jr., H. Kantner, J. 
Whisenhant, and w. Miller. 1958. Caribou management studies. 
0. S. Fish and Wildlife Serv. , Fed. Aid in v7ildl. Restor. , 
Proj. W-3-R-12. 118 pp. 

Se!l'l.enov-Tian-Shanskii, 0. I. 1.,975. The status of •,dld reindeer in 
the USSR, especially the kola Peninsula. ?ages 155-16: in 
J. R. Luick, P. C. Lent, D. R. Klein, a.~d R. G. r~ite, eds. 
Proc. First Intl. Reindeer/Caribou Symposium, Univ. of Alaska, 
Fairbar~s, Ak. 551 pp. 



339 

Siniff, D. a., and R. 0. Skoog. 1964. Aerial censusing of caribou 
using stratified random sampling. J. Wildl. Manage. 
28:391-401. 

Skoog, R. 0. 1956. Range, movements, population, and food habits 
of the Steese-Fortymile caribou herd. Unp. M.S. Thesis, Oniv. 
of Alaska, Fairbanks, Ak. 145 pp. 

Skoog, R. 0. 1957. Alaska wildlife investigations, work planS: 
caribou management studies. u.s. Fish and Wildl. Serv., Fed. 
Aid in Wildl. Restor., Proj. W-3-R. Juneau, Ak. 132 pp. 

Skoog, R. 0. 1963. Caribou report. Alaska Dept. Fish and Game, 
Fed. Aid in Wild. Restor., Proj. W-6-R-4. Juneau, Ak. 31 pp. 

Skoog, R. 0. 1968. Ecology of t."le caribou (Rc:nqifer tara:r.d'US 
granti} L~ Alaska. Ph.D. Thesis, Gniv. of California, 
Berkeley, Ca. 699 pp. 

Skoog, R. 0., F. F. Jones, and s. J. Harbo, Jr. 1961. Caribou 
management investigations. Alaska Dept. Fish and Game, Fed. 
Aid in Wildl. Restor., Proj. W-6-R. Juneau, Ak. 128 pp. 

Skoog, R. 0. , R. F. Batchelor, F. F. Jones, and R. r... ':'linters. 
1963. Caribou investigations. Alaska Dept. Fish and Game, 
Fed. Aid in Wildl. P~stor., Proj. w-6-R-3. Juneau, Ak. 89 pp. 

Skuncke, F. 1969. Rei.ndeer ecolOg".f and management in Sweden. 
Univ. of Alaska, Biol. Paper. 8. 81 pp. 

Sonnenfeld, J. 1957. Ch~~ges in subsistence among the Barrow 
Eskimo. Ph.D. Thesis, John Hopkins Oniv., Baltimore. 561 pp. 

Spetzman, r... A. 1959. Vegetation of ~"le Arctic slope of Alaska. 
U.S. Geol. Surv., Prof. Pap. ~o. 302-B. 58 pp. 

Steel, R. G. D., and J. H. Terrie. 1960. Principles ~~d procedures 
of statistics with special reference to t."le biological sciences. 
McGraw-Hill Book Co., L~c., New York. 481 pp. 

Stephenson, R. o. 1976. Wolves and caribou in :.1orth~•esteo Alaska. 
Unp. memora..~d'l.l:tl. Alaska Dept. Fish and Game. 14 pp. 

Stephenson, R. o. 1977. ~~R-A mammal studies. Wolf studies. 
Alaska Dept. Fish and Game. n.s. 

Stephenson, R. 0. 1978. Unit 13 'N"olf studies. Alaska iJept.. Fish 
a..~d G~'tll!, Fed. Aid in Nil:il. Restor., ?roj. W-17-8. Ju.."leau, 
A.k. 75 pp. 



340 

Stephenson, R. 0., and L. Johnson. 1972. Wolf report. Alaska 
Dept. Fish and Game, Fed. Aid in Wildl. Restor., Proj. 
W-17-3. Juneau, Ak. 52 pp. 

Stephenson; R. 0., and L. J. Johnson. 1973. Wolf report. Alaska 
Dept. Fish and Game, Fed. Aid in Wi1dl. Restor., Proj. 
W-17-4 and W-17-S. 52 pp. 

Stephenson, R. 0., and J. J, Sexton. 1974. Wolf report. Alaska 
Dept. Fish and Game, Fed. Aid in Wildl. Restor., Proj. 
W-17·5 and W-17-6. Juneau, Ak. 28 pp. 

Thomas, 0. C. 1969. Population estimates and distribution of 
barren-ground caribou in Mackenzie District, N.W.T., 
Saskatchewan, and Alberta--March to May, 1967. Can. Wildl. 
Ser. Rep. Ser. No. 9. 44 pp. 

Thomson, B. R. 1971. Wild re~aeer activity, Hardangervidda: 
July-December 1970. Statens viltunders~ken Direktoratet 
for Jakt, Vi1tstell og Ferskvannsfiske and IBP Report from 
the grazing project at ~~e MorAegian IBP Committee. 83 pp. 

Thomson, a. R. 1973. Wild reindeer activity, Hardangervidda: 
1971. Statens viltunders~~en Direktoratet for Jakt, 
Viltstell og Ferskvannsfiske and IBP Report from the grazing 
project at the NorAegian IBP Committee. 76 pp. 

Watson, G. w., and R. F. Scott. 1956. Aerial censusing of ~~e 
Nelchina caribou herd. Trans. N. Am. Wildl. Conf. 21:499-SlO. 

Walters, c. J., R. Hilborn, and R. Peterman. 1975. Computer 
simulation of barren-ground caribou dynamics. Ecological 
Modeling 1:303-315. 

Woodford, R. 1954. Notes on village economics and wildlife 
utilization in arctic Alaska. Dnp. report, o.s. Fish and 
Wildl. Serv., Fairbanks, Ak. 34 pp. 

Young, s. B. 1974. Vegetation of ~~e Noatak ?~ver Valley/ Alaska. 
Pages 58-84 in s. a. Young, ed. The environment of the 
Noatak River-sasin, Alaska. Contr. from the Center for 
Northern Studies, No. l. Wolcott, Vt. 584 pp. 



341 

OTEER ~FERENCE SCti'P.C:::::S 

A. T. Berger~d, Vic~oria, British Columbia 

Gregor/ Box, Anchorage, Alaska 

George Calef, Yellowknife, N.W.T. 

James Davis/ Fairbanks, Alaska 

Sterling Eide, Glennallen, Alaska 

James Gebhard, Fairbanks, Alaska 

Lawrence Gray, Shungnak, Alaska 

Samuel narbo, Jr., Fairba~~s, Alaska 

David Klein, Fairbar~s, Alaska 

Peter Lent, Anchorage, Alaska 

Kenne~~ ~eiland, Fairbanks, Alaska 

E:C.ward Nygard, Juneau, Alaska 

Eigil Reimers, Oslo, Norway 

aarry Reynolds, Fairbanks, Alaska 

Jack Shea, Sheffield, Massachusetts 

Robert Stephenson, Fairbanks, Alaska 

aenning Thing, Copenhagen, Denmark 

IJictor Van.Ealle~..berghe, Fairbanks, .;laska 


	POPULATION ANALYSIS AND MODELING OF THE WESTERN ARCTIC CARIBOU HERD WITH COMPARISONS TO OTHER ALASKAN RANGIFER POPULATIONS
	ABSTRACT
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES

	LIST OF APPENDICES

	CHAPTER 1. INTRODUCTION
	CHAPTER 2. DATA ANALYSIS AND POPULATION MODELING OF THE NELCHINA CARIBUO HERD (1954-1977)
	A. INTRODUCTION
	B. RESULTS AND DISCUSSION
	1. CRITICAL ANALYSIS OF THE NELCHINA CARIBOU HERD FALL COMPOSITION DATA (1954-72)
	a. 3+ Males
	b. 3+ Females
	c. Yearlings and Two-Year-Olds
	d. Calves
	e. Conclusions Regarding Fall Composition Data

	2. OBSERVATIONS OF THE COMPOSITION OF THE NELCHINA CARIBOU HERD AFTER ITS DECLINE
	3. ANALYSIS OF TRENDS IN THE HARVEST DATA, NELCHINA HERD (1954-71)
	a. Total Harvest
	b. Calves
	c. Yearlings and Two-Year-Olds
	d. Males
	e. 3+ Females

	4. ANALYSIS OF HUNTER SELECTIVITY OF NELCHINA CARIBOU HERD (1954-71)
	a. Calves
	b. 3+ Males
	c. 3+ Females
	d. Yearlings and Two-Year-Olds

	5. AN EVALUATION OF THE USE OF THE AGE STRUCTURE OF THE HUNTER HARVEST TO ESTIMATE RECRUITMENT RATE
	6. REVIEW OF PERTINENT CARIBOU-WOLF PREDATION STUDIES
	7. ESTIMATION OF WOLF PREDATION IN THE NELCHINA CARIBOU HERD
	8. DEVELOPMENT OF A POPULATION MODEL FOR THE NELCHINA CARIBOU HERD
	a. Population Size and Composition
	b. Recruitment of Calves
	c. Natural mortality and wolf Predation
	d. Mortality Due to Hunting
	e. Immigration and Emigration

	9. COMPARISON OF MODEL SIMULATIONS OF THE POPULATION DYNAMICS OF THE NELCHINA CARIBOU HERD (1954-62) WITH A POPULATION ANALYSIS BY SKOOG (1968)
	a. Description of Analysis by Skoog ( 1968)
	b. Results of Simulations
	(1) Population growth of herd
	(2) Herd composition
	(3) Sex ratio of yearlings and two-year-olds


	10. MODEL SIMULATION OF THE NELCHINA CARIBOU HERD (1962-69)
	a. Growth with High Natural Survival, Good Recruitment, and Increased Wolf Predation and Human Harvest
	b. Growth with High Natural Survival Rates and Lowered Fall Recruitment of calves in 1963-66
	c. Simulations Producing a "Good Fit" to the Comnosition Data

	11. MODELING THE NELCHINA CARIBOU HERD ( 1969-72)
	a. Population Response of the NCH with Good Natural Survival Rates
	b. Population Modeling of the NCH Producing a "Good Fit" to the Data
	c. Reasons for the Decline (1969-72)
	(1) Emigration
	(2) Wolf predation and human harvest
	(3) Natural mortality


	12. MODELING THE SURVIVAL OF CALVES TO FALL IN THE NELCHINA CARIBOU HERD (1954-72)
	a. Estimating the Survival of Calves to the Fall
	b. Analyzing Trends in the Survival of Calves to the Fall
	(l) Hunting mortality
	(2) Wolf predation
	(3) Natural mortality


	13. ESTIMATING AGE-SPECIFIC SURVIVAL OF 3+ CARIBOU IN THE NELCHINA CARIBOU HERD (1969-71)
	14. RELATIONSHIPS BETWEEN HERD SIZE & VARIOUS HARVEST STATISTICS IN THE NELCHINA CARIBOU HERD (1954-71)
	a. Total Harvest and Herd Size
	b. Harvest Composition and Herd Size
	c. Percentage Hunter Selectivity and Herd Size
	d. Conclusions

	15. TESTING THE ACCURACY OF THE POPULATION CENSUSES OF THE NELCHINA CARIBOU HERD (1972-77) THROUGH THE USE OF SIMULATION MODELING

	C. SUMMARY

	CHAPTER 3. AN EXAMINATION OF THE POPULATION DYNAMICS OF Rangifer tarandus FOLLOWING INTRODUCTIONS TO TWO ALASKAN ISLANDS
	A. INTRODUCTION
	B. MODELING THE POPULATION GROWTH OF THE ST. MATTHEW ISLAND REINDEER HERD (SMIH) FOLLOWING INTRODUCTION
	C. REEVALUATING THE COMPOSITION OF THE ST. MATTHEW ISLAND REINDEER HERD
	D. EXAMINING THE RATE OF INCREASE OF THE ADAK ISLAND CARIBOU HERD FOLLOWING INTRODUCTION
	E. SUMMARY

	CHAPTER 4. EVALUATION OF THE 1976 WESTERN ARCTIC HERD POPULATION AND COMPOSITION SURVEYS
	A. INTRODUCTION
	B. BRIEF DESCRIPTION OF THE HERD'S RANGE
	C. DESCRIPTION OF CENSUS TECHNIQUES
	1. DESCRIPTION OF 1976 SURVEY EFFORT
	2. EVALUATION OF THE 1976 POST-CALVING COUNT
	3. POST-CALVING COMPOSITION COUNTS
	4. FALL COMPOSITION COUNTS
	5. SURVIVAL FROM POST-CALVING TO FALL
	D. RESULTS OF THE 1976 WAH ANALYSIS


	CHAPTER 5. ESTIMATING THE MAGNITUDE OF THE WESTERN ARCTIC CARIBOU HARVESTS (1950-1960)
	A. INTRODUCTION
	B. MATERIALS AND METHODS
	C. RESULTS AND DISCUSSION
	1. ESTIMATES OF VILLAGE HARVEST
	2. ESTIMATES OF HARVESTS BY HUNTERS RESIDING OUTSIDE THE HERD'S RANGE
	3. ESTIMATING THE MAGNITUDE OF WANTON WASTE
	4. WOUNDING LOSS

	D. CONCLUSIONS

	CHAPTER 6. ESTIMATING THE COMPOSITION AND AGE STRUCTURE OF THE WESTERN ARCTIC CARIBOU HERD HARVESTS (1950-1976)
	A. INTRODUCTION
	B. MATERIALS AND METHODS
	C. RESULTS AND DISCUSSION
	1. SEX RATIO OF CARIBOU KILLED BY HUNTERS IN THE WESTERN ARCTIC HERD
	a. 2+ Adults
	b. Calves
	c. Yearlings and Two-Year-Olds

	2. TESTING FOR DIFFERENCES IN THE AGE STRUCTURE OF THE WESTERN ARCTIC HERD HARVESTS AMONG VILLAGES
	a. Calves
	b. Yearlings
	c. 2+ Adults

	3. TESTING THE ACCURACY OF 3+ ADULT AGE STRUCTURE DATA FROM VILLAGE HARVESTS BY COMPARING THE AGE STRUCTURE OF MALES AND FEMALES
	4. AN ANALYSIS OF TRENDS IN THE AGE STRUCTURE OF THE WESTERN ARCTIC HERD HARVEST DATA

	D. CONCLUSIONS

	CHAPTER 7. MODELING THE POPULATION DYNAMICS OF THE WESTERN ARCTIC HERD SINCE 1960
	A. INTRODUCTION
	B. RESULTS AND DISCUSSION
	1. A REVIEW OF THE POPULATION STATUS OF THE WESTERN ARCTIC HERD
	a. Prior to 1950
	b. Since 1950
	c. Conclusions

	2. ESTIMATING THE COMPOSITION OF THE WESTERN ARCTIC HERD (1960-76)
	3. ESTIMATING THE MAGNITUDE OF WOLF PREDATION IN THE WAH
	a. Estimation of Wolf Densities
	b. Food Habits of Wolves in Northwest Alaska
	c. Effect of Migration on Wolf Predation
	d. Estimating Caribou Killed per Wolf

	4. INFLUENCE OF REINDEER ON THE POPULATION DYNAMICS OF THE WESTERN ARCTIC CARIBOU HERD
	5. QUALITY OF THE WESTERN ARCTIC HERD
	a. Incidence of Placental Retention at Parturition
	b. Mandibular Lesions
	c. Body Fat Reserves during Winter
	d. Mandible Length
	e. Reproductive Rate
	f. Conclusions

	6. DEVELOPING A POPULATION MODEL FOR THE WESTERN ARCTIC HERD (1961-76)
	a. Peculation Size and Composition
	b. Recruitment of Calves
	c. Natural Mortality and Wolf Predation
	d. Mortality Due to Hunting
	e. Immigration and Emigration

	7. POPULATION MODELING OF THE WESTERN ARCTIC HERD FROM 1961-70
	a. Results of Model Runs
	b. Discussion

	8. POPULATION MODELING OF THE WESTERN ARCTIC HERD (1970-76)
	9. POPULATION MODELING OF THE WESTERN ARCTIC HERD (1976-1996)
	a. Difficulties with Predictive Modeling
	b. Simulating Future Trends
	(1) "High" wolf predation
	(2) "Moderate" wolf predation
	(3) "Low" wolf predation

	c. Conclusions


	C. Summary

	CHAPTER. 8. CONCLUSIONS
	A. POPULATION DYNAMICS OF ALASKAN CARIBOU HERDS
	1. CARIBOU WITHOUT PREDATION
	2. CARIBOU AND WOLVES
	3. CARIBOU AND MAN
	4. CARIBOU, WOLVES, AND MAN

	B. SAMPLING TECHNIQUES
	C. MANAGEMENT IMPLICATIONS
	D. NEEDS FOR FUTURE RESEARCH

	APPENDIX A: ESTIMATING THE COMPOSITION OF THE NCH HARVESTS IN 1958, 1967, AND 1972
	APPENDIX B: CALCULATING OVERWINTER CALF MORTALITY IN THE NELCHINA CARBOU HERD (1955-60)
	APPENDIX C: FORMULAS USED TO CALCULATE MEANS AND VARIANCES OF 1976 WESTERN ARCTIC HERD COMPOSITION DATA
	APPENDIX D: DESCRIPTION OF CARIBOU KILLS EXAMINED IN THE KIANA HILLS, NORTHWEST ALASKA, 20 MARCH TO 3 APRIL 1976
	APPENDIX E: DESCRIPTION OF HUNTING PRACTICES OBSERVED IN THE KIANA HILLS, NORTHWEST ALASKA, 9 MARCH TO 5 APRIL 1977
	APPENDIX F: AGE STRUCTURE OF 2+ ADULT CARIB0U FROM THE 1959-61 WESTERN ARCTIC HERD COLLECTION OF MANDIBLES FROM HUNTER-KILLED ANIMALS
	APPENDIX G: AGE STRUCTURE OF 2+ ADULT CARIBOU FROM THE 1975-76 WESTERN ARCTIC HERD COLLECTION OF INCISIFORM TEETH FROM HUNTER-KILLED ANIMALS
	APPENDIX H: COMPARISON OF THE AGE STRUCTURE OF THE 1959-61 AND 1975-76 WESTERN-ARCTIC HERD HARVEST COLLECTIONS
	LITERATURE CITED




