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Abstract. The effects of establishing a gray wolf (Canis lupus) population 
in Yellowstone National Park were predicted for three ungulate species-elk 
(Cervus elaphus), mule deer (Odocoileus hemionus), and moose (Alces alces)
using previously developed POP-II population models. We developed models for 
78 and 100 wolves. For each wolf population. we ran scenarios using wolf pre
dation rates of 9, 12, and 15 ungulates/wolf/year. With 78 wolves and the antlerless 
elk harvest reduced 27%, our modeled elk population estimates were 5-18% 
smaller than the model estimate without wolves. With 100 wolves and the 
antlerless elk harvest reduced 27%, our elk population estimates were 11-30% 
smaller than the popUlation estimates without wolves. Wolf predation effects were 
greater on the modeled mule deer population than on elk. With 78 wolves and no 
antlerless deer harvest, we predicted the mule deer population could be 13-44% 
larger than without wolves. With 100 wolves and no antlerless harvest. the mule 
deer population was 0-36% larger than without wolves. After wolf recovery, our 
POP-II models suggested moose harvests would have to be reduced at least 50% 
to maintain moose numbers at the levels predicted when wolves were not present. 
Mule deer and moose population data are limited, and these wolf predation ef
fects may be overestimated if population sizes or male-female ratios were un
derestimated in our population models. We recommend additional mule deer and 
moose population data be obtained. 

POP-II population models (Bartholow 1988) were developed for elk 

(Cervus elaphus), mule deer (Odocoileus hernionus), and moose (Alces 
alees) on Yellowstone's northern range (Mack and Singer 1993). Hunters 

harvest substantial numbers of northern range ungulates when they leave 
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the boundaries of Ycllowstone National Park. Average annual harvests, 
1980-89. were 1.512 elk, 532 mule deer, and 31 moose. These POP-II 
models incorporated observed classification data and the effects of ob
served huntcr harvests to estimate ungulate population sizes (Mack and 
Singer 1993). Additional monality due to predicted wolf (Canis lupus) 
predation is easily incorporated into POP-II models, and the results are 
useful in assessing what effects wolves may have on elk, mule deer, and 
moose on the northern range. In this paper, we estimate the effects that a 
recovered wolf population may have had on elk, mule deer, and moose 
populations on Ycllowstonc's northern range if wolves had been introduccd 
there in 1980. Wc also examine what effects modifying observed hunter 
harvests would have on the ungulate populations in the presence of wolves. 

Other models investigating wolf predation on elk incorporate actual 
elk counts or slightly corrected estimates (Boyce 1990; Ganon et al. 1990). 
We used POP-II models to predict the effects of wolf predation on north
ern range ungulates for the following reasons: (I) our ungulate popula
tion models were based on observed hunter harvest and classification data 
(the stochastic variables in our models); (2) we were able to easily incor
porate three different wolf predation rates into the ungulate population 
models; (3) we were able to rapidly alter hunter harvests in various model 
scenarios because the POP-II models are user-friendly; and (4) we found 
the models were simplistic. 

Our models do not include the potential functional responses of wolf 
predation on the ungulate populations. Our models do not account for 
density-dependent reproductive mechanisms or density-dependent mortal
ity factors that ungulate populations may exhibit with wolf predation. 
While we do propose some alternatives that modify hunter harvests, we 
do not examine the wide range of alternatives the Montana Department 
of Fish. Wildlife, and Parks could use in modifying hunter harvests. These 
weaknesses may exaggerate the effects of wolf predation on northern range 
ungulate populations, particularly when a high wolf population, high wolf 
predation rate. and declining ungulate population are combined in the same 
model scenario. These weaknesses preclude using our models for predict
ing long-term nuctuations in wolf-prey population dynamics. However, 
we predicted wolf predation effects on elk 4 years into the future. Under 
these restricted conditions. use of POP-II models may be desirable because 
they are simple and strongly dependent on observed field conditions. 

The large fires of 1988 burned extensive areas of ungulate summer 
range and approximately 32% of the entire northern winter range (Singer 
et a1. 1989). During the first severe winter following the fires, the elk 
population declined as much as 40% (because of increased harvests and 
winterkill) and mule deer declined about 19% (Singer et al. 1989). The 
fires are predicted to increase production (Lyon and Stickney 1976), pro
tein content. and digestibility of forage (Spalinger et al. 1986), although 
some of the positive effects on grasses and forbs may only last for 
1-3 years (Hobbs and Spowart 1984: Wood 1988). After 1990. ungulate 
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populations are predicted to increase because of combinations of increased 
body weight and survival, reduced calf vulnerability to predators, and re
duced winterkill (Singer et al. 1989). Because of the predicted benefits to 
the elk population following the 1988 fires, we created a post fire elk-wolf 
model extending to 1994. If the elk population does not increase accord
ing to our model assumptions, our postfire elk population results could 
be invalid. Mule deer and moose were not modeled under a post fire sce
nario because the existing data on these species are incomplete, and the 
population dynamics and biology of these species inhabiting the northern 
range are not well understood (Mack and Singer 1993). 

Study Area and Methods 

The I,OOO-km2 study area consists of the nonhern elk winter range. 
Houston (1982), Despain (1991), and Singer (1991 a) describe the climate, 
vegetation, geology, and landownership of the area. 

Models 

The POP-II elk, mule deer, and moose models used observed hunter 
harvest and classification data (youngll 00 adult females and malesll 00 
adult females) to estimate population numbers. Additional mortality to the 
ungulate populations was incorporated as an age-specific overwinter mor
tality rate. The basic mortality rates provided for high young mortality and 
low adult mortality. Specific assumptions and detailed descriptions of the 
elk, mule deer, and moose models are described in Mack and Singer 
(1993). For the elk-prefire scenario, model simulations began in 1975 and 
ended in 1989. The elk-postfire scenario extended from 1975 to 1994. The 
mule deer and moose models extended from 1975 to 1989. 

Elk-Postfire Scenario 
We modeled the post fire-scenario elk population to reflect the ben

efits of the 1988 fires. Although several unknown and unquantified eco
logical factors associated with the 1988 fires may indeed be beneficial to 
the elk population, the reproductive and overwinter mortality responses 
we predicted are hypothetical. However, the values we used in our pre
dictions were within the range of values observed during the 1980's. We 
predicted reproduction would increase from 26 calves/lOO cows in 1990 
to 36 calvesll 00 cows in 1992 and then slightly decrease to 34 calvesll 00 
cows in 1993 and 1994. Overwinter mortality was reduced 40% from the 
average used for the high population prefire scenario. 

Wolf Numbers 
Beginning in 1980, we used an initial wolf population of 2 pairs of 

wolves in each of 3 years for a total of 12 wolves. We assumed these 
wolves experienced no mortality. and they increased at a high rate. We 
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used 1.8 as the rate of increase (Boyce 1990). This rate of increase was 
higher than the one shown in Garton et al. (1990) and represents optimis
tic conditions of high pup and adult survival. 

We modeled 2 wol f population scenarios of 78 and 100 wolves. For 
each of these wolf populations, we used 3 predation rates: 9, 12, and 15 un
gulates/wolf/year. Our choice of 78 wolves is the average number of 
wolves that Garton et al. (1990) and Singer (1991 b) estimated would in
habit the northern range. Between 50 and 150 wolves were expected to 
inhabit Yellowstone National Park (Boyce 1990; Koth et al. 1990; Singer 
1991 b). Therefore, we believe that more than 100 wolves inhabiting 
Yellowstone's northern range is unlikely. After the wolf populations 
reached their maximum number of 78 or 100 wolves, density-dependent 
factors (natural- and human-caused) were assumed to regulate natality and 
mortality and maintain the wolf population at the predefined maximum. 

Wolf Predation 

We predicted annual wolf kills based on published literature of wolf 
kill rates. Mech (1970) predicted one wolf killed 15 deer/year in Minne
sota but recent data suggests I wolf killed the equivalent of 17 adult-sized 
white-tailed deer (Odocoileus virginianus)/year (L. D. Mech, personal 
communication). Fuller (1989) suggested one wolf killed 19 deer/year in 
Minnesota. Of this total. II were fawns and 8 were adults. These wolf 
predation rates occurred in deer-dominated systems and would be lower 
in elk-dominated systems. 

Carbyn (1983) estimated I wolf killed 14 ungulates/year in Riding 
Mountain National Park in Canada. The approximate ungulate ratios in 
Riding Mountain National Park were 100 elk/24 deer/50 moose. Recent 
studies have shown the wolf predation rate ranging from 10 to 17.5 ungu
lates/wolf/year in Riding Mountain National Park (P. Paquet, personal 
communication). The wolf kill composition was 53% elk, 39% deer, and 
7% moose; based on average ungulate population ratios, these percentages 
included slightly more deer than what would be expected on Yellowstone's 
northern range. Wolves avoided carrion in Riding Mountain National Park 
(P. Paquet, personal communication), possibly because they learned to 
avoid poison bait stations. 

The wolf predation rate for the Nordegg, Alberta, area in Canada was 
14 ungulates/wolf/year, and J. R. Gunson (Alberta Fish and Wildlife Di
vision. Edmonton, personal communication) believed his estimates of pre
dation rates were biased upward because he extrapolated mid- to late
winter predation rates to the whole year. A multi ungulate prey base exists 
in the Nordegg area and includes elk, mule deer, moose, bison (Bison 
bison). bighorns (Ovis canadensis), and feral horses (£quus cabal/us). 
Average prey size is similar to Yellowstone's northern range. Gunson (per
sonal communication) noted that the Nordegg area had very little carrion 
but that wolves in Yellowstone would probably always eat some carrion, 
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suggesting the predation rate in Yellowstone would be lower than in the 
Nordegg area. 

Because of the variable nature of wolf kill rates (Vales and Peek
i 

1993), we used predation rates of 9, 12, and 15 ungulates/wolf/year. Our 
predation rates are near the low and moderate kill rates used in Vales andI 
Peek (1993) of 6.6 and 13.4 elk killed/wolf/year. 

Wolves may engage in surplus killing (Eide and Ballard 1982; CarbynI 
1983; Miller et aI. 1985). We compensated for surplus wolf kills by in

I creasing the kill 10% for adult and subadult ungulates, as did Boyce 
(1990). 

I 
Relative Species Abundance and Vulnerability 

I Species composition of the wolf kill was calculated according to spe
cies abundance and vulnerability to wolves. Elk should be the primary prey

I species for wolves on the northern range (Boyce 1990; Garton et al. 1990; 
Singer 1991 b). Therefore, relative abundance and vulnerability of mule

I 
deer, moose, pronghorn (Antilocapra americana), bison, and bighorns is 
expressed relative to elk (Table I).I 

After correcting for availability, mule deer were killed from 1.3 to 

I several times more often than elk in the Rocky Mountain parks of Canada 
(Cowan 1947; Carbyn 1974). However, we believe northern range mule 

I deer will only be available to wolves 75% of the year (9 of 12 months). 
About 96% of the herd migrates north of the park each winter-near the 

I town of Gardiner and adjacent to human settlements-where they will be 
less available to wol ves (Singer 1991 b). Based on these factors, we esti I mated that mule deer would be 1.1 times more vulnerable than elk. Moose 
were killed 0.7 times as often as elk in a Manitoba, Canada, studyI 
(L. N. Carbyn, P. Paquet, and D. Meleshko, unpublished manuscript). In 

I	 snow, pronghorns are predicted to be 1.5 times more vulnerable than elk 
(Telfer and Kelsall 1984); however, pronghorns will be less available to 

I 

I Table 1. Predicted relative abundance and vulnerability of ungulates 
inhabiting the northern range in comparison to elk (Cervus elaphus).

I 
Relative abundance 

I Estimated Abundance Abundance 
Species' population ratio Vulnerabilityb vulnerability ratio 

1 Elk 19,000 100.0 1.00 100.0 
Mule deer 4,000 21.0 t.13 24.0

I Moose 600 3.0 0.70 2.1 

I Pronghorn 600 3.0 1.00 3.0 
Bison 500 2.6 0.70 I. 8 
Bighorn 300 2.0 0.30 0.6I 
•	 Elk =Cervus elaphus; mule deer =Odocoileus hemionus; moose =Alces alces; prong· 

horn = Antilocapra americana; bison = Bison bison; bighorn = Ovis canadenSIS. ) 
b Vulnerability in comparison to elk, with elk having a vulnerability of I. 

\ 
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wolves because they winter near Gardiner, Montana, and on private lands 
north of Yellowstone National Park (Singer 1991 b). Therefore, we con
sider pronghorn and elk as having equal vulnerabilities (I: I). Bison are 
probably 1.2 times more vulnerable than elk in deep snow (Telfer and 
Kelsall 1984). but bison may be harder to kill than elk in shallow snows 
because of their large size and group defense of calves (Carbyn and Trottier 
1987, 1988). We predict bison will be 0.7 times as vulnerable as elk on 
the northern range because of relatively shallow snows. After correcting 
for availability, bighorns were killed 0.2 to 0.4 times as often as elk in 
the Rocky Mountain parks of Canada (Cowan 1947; Carbyn 1974). For 
our model. we estimated bighorns to be 0.3 times as vulnerable as elk. 
From these species-abundance and vulnerability values, we calculated 
abundance/vulnerability ratios (Table I). 

Age-Sex Class Vulnerability 

Wolves prefer preying on young of the year, adult male, and old adult 
ungulates (Mech 1966; Pimlott et al. 1969; Peterson 1977; Carbyn 1983). 
Mortality sensor radio collar studies have shown neonates to be more 
vulnerable to predators than previously believed (Franzmann et al. 1980; 
Miller et al. 1985; Bergerud and Elliot 1986; Ballard et al. 1987; Singer 
1987). From these data, we estimated age-class vulnerability of young of 
the year/adult females to be 2: I, and the vulnerability of adult males/adult 
females to be 1.3: I. For each ungulate species, these age-sex vulnerabili
ties were then used with the POP-II estimated age-sex structure to pre
dict the number of subadults, adult males, and adult females in the wolf 
kill each year. These age-specific kill rates (Tables 2 and 3) were applied 
to respective POP-II ungulate population models each year, 1980 through 
1989. to obtain the model outputs. 

We predicted wolves would kill between 534 and 1,141 elk per year 
during the postfire scenario (Table 4). The same age-sex vulnerabilities
plus the average POP-II estimated ratios (1990-94) of 32 calvesll 00 cows 
and 25 bullsllOO cows-were used to calculate the age-sex composition 
of the wolf kill for elk for the postfire scenario model (Table 4). 

Human Harvest of ELk, MuLe Deer. and Moose 
Elk-Prefire Scenario 

We used two different harvest levels in the elk-wolf models. We first 
modeled wolf predation effects on elk using observed hunter harvests. 
Second, we reduced the hunter harvest, beginning in 1980, by limiting the 
general season antlerless harvest to 25 elk in district 316 (7% reduction) 
and 100 elk in district 313 (20% reduction). We limited the late hunt 
antlerless harvest in district 313 to 875 elk. For any year the antlerless 
harvest was exceeded in a district, we proportionally reduced the hunter 
harvest of adult cows and subadults (Table 5). These modifications reduced 
the antlerless harvest from an observed average of 994 elk/year (which 
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Table 2. ConTinued. 
~ 

Age-sex composilionh 

:s:Species composition" Elk Deer Moose
Ungulates :: 

Year Wolves as prey Elk Deer Moose Other B' C Ca B D F B C Ca 
, 

15 Ungulates per wolr per year 
1980 4 60 46 II I 2 10 25 II I 5 5 0 I 0 

:/l, 
1981 II 165 125 30 3 7 24 67 34 2 15 13 I I I 

1982 24 360 274 66 6 14 40 129 105 3 30 33 2 3 I 

1983 43 645 491 118 10 26 83 232 176 3 71 44 3 5 2 
1984 78 1.170 890 213 19 48 185 420 285 3 99 III 5 10 4 
1985 78 1.170 890 213 19 48 163 371 356 17 98 98 4 9 6 
1986 78 1.170 890 213 19 48 155 443 292 20 96 97 5 10 4
 
1987 78 1.170 890 213 19 48 141 416 333 23 94 96 4 9 6
 
1988 78 1,170 890 213 19 48 150 500 240 31 138 44 4 9 6
 
1989 78 1.170 890 213 19 48 176 517 197 14 117 82 5 9 5
 

, Calculated from an abundance-vulnerability ratio of 100 elkiN deer/2.1 moose/S.4 olhers.
 
h Calculated from the POP·I1 eSlimated young per female and adult male per female ralios (Mack and Singer 1993) and the age-sex class vulnerability of ~
 

young/l.3 adult malesll adull female .
 
• B =bulls or bucks: C =cows; Ca =calves; 0 =does; F = fawns. 

Table 3. Hypothesized wolf (Canis lupus) predation on elk (Cervus elaphus), mule deer (Odocoileus hemionus), and moose 
(Alces alces) according to species and age-sex composition for a maximum population of 100 wolves. 

Age-sex compositionb 

Species composition" Elk Deer MooseUngulates 
Year Wolves as prey Elk Deer Moose Other BC C Ca B D F B C Ca 

9 Ungulates per wolf per year
 
1980 4 36 27 7 I I 6 14 7 I 3 3 0 I 0
 
1981 II 99 75 18 2 4 14 41 20 I 9 8 0 I I
 
1982 24 216 164 39 4 9 24 77 63 I 18 20 I 2 I
 
1983 43 387 294 71 6 16 50 139 105 2 43 26 2 3 I
 
1984 78 702 534 128 II 29 III 252 171 2 59 67 3 6 2
 
1985 100 900 685 164 14 37 126 285 274 13 75 76 3 7 4
 
1986 100 900 685 164 14 37 119 341 225 15 74 75 4 7 3
 
1987 100 900 685 164 14 37 109 320 256 18 72 74 3 7 4
 
1988 100 900 685 164 14 37 115 385 185 23 107 34 3 6 5
 
1989 100 900 685 164 14 37 136 398 151 II 90 63 4 7 3
 en 

Q 
12 Ungulates per wolr per year '"z ....

1980 4 48 36 9 I 2 8 19 9 I 4 4 0 I 0 :;; 
n

1981 II 132 101 24 2 5 19 55 27 I 12 II 0 I I 
3::

1982 24 288 219 53 4 12 32 103 84 2 24 27 I 2 I ~ 
C)1983 43 516 393 94 8 21 67 185 141 3 56 35 2 4 2 0 

>-'" 1984 78 936 712 171 15 38 148 336 228 2 80 89 4 8 3 
~ 

1985 100 1,200 913 219 19 49 167 381 365 17 101 101 4 9 6 tv 

1986 100 1.200 913 219 19 49 159 454 300 21 98 100 5 10 4 
tv 

1987 100 1.200 913 219 19 49 145 427 341 24 97 98 4 9 6 
1988 100 1,200 913 219 19 49 154 513 246 31 142 46 4 9 6 V> ....
1989 100 1.200 913 219 19 49 180 531 202 15 120 84 5 9 5 
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O--N'<I"r-'Or-oo'O
U 
~ ... Table 4. Hypothesized wolf (Canis lupus) predation on elk (Cervuso 

.~ elaphus) according to age-sex composition for maximum populations 
... of 78 and 100 wolves, 1990-1994. 

~- .... V10NNN-N81 U u 
c: Age-sex composition b 

~ :; 
> Wolf population
::l 

Predation rate" Elk as prey Bulls Cows Calves 
co O-N .... V1 V1'OV1V1'0 

U'" 78 9 534 88 272 174 
'" 118 362 232u 12 712

-" c 'f 
u 15 890 147 453 290V1 V-'OV1 .... r-V1.S: u. - v-NNNV10 ~ 100 9 685 113 349 223 uo'" -5 12 913 151 465 297 

"t:lV1V10-<:1''O .... -00 c: 15 1,141 189 581 371~ ~I 0 - .... r-<:1'NNNr-V1810 '" ..., • The predation rate is expressed as ungulates per wolf per year.
a...'" a- b The age-sex composition was calculated from the 1990-94 average predicted classifica'" d, I I co ... tion ratios of 25 bulls/lOO cows/32 calves and an age-sex class vulnerability of 2 youngl-N ............ N '00<:1' 00
OIl N N ........  ~ 1.3 adult males/l adult female.~ c: 
iii 
"t:l 

U 
~ -'<I"V1'OV1'OV1r-OON 

- .... Or-OOV1r-NOV1 ... 
c: 

Table 5. Actual hunter harvest of antlerless elk (Cervus elaphus) and the--N'<I" .... v .... N '"
u hunter harvest reduced 27% for use in the elk-wolf (Canis lupus) pre

.:.!. .i 
~~ dation models.V1r-<:1'NO'Or- - ....LiiIU N'ON .... Nr-'O v'O u '" .&: 0-N'<I"'<I"V1V1'O'O 
o·~ Hunter harvest of antlerless elk Reduced antlerless elk harvest' 
..,. ... 

V'l_ District 316 District 313 Late hunt District 316 District 313 Late hunto '<I" 0"" V1 <:1' <:1'-N '0Co -N '<I" 0000 0 <:1'00 <:1'N -~ 

'u

'" E Cb-N---N o u Year Ca C Ca C Ca 
E ... 
0"

C Ca C Ca C Ca 
... _ C>. 1980 21 0 21 I 42 16
 

.r:.
 
u 21 0 21 I 42 16... Nr-'<I"'OOO-- N u 

~c; 
1981 31 10 21 I 422 100 19 6 21 I 422 100-N'<I" '0'0'0'0 '0C 6 :l E 1982 22 7 17 0 681 232 22 3 17 0 653 222o 

"t:l_ 
~ C1) ..,.:; '"c: 1983 o 0 38 28 815 396 o 0 38 28 590 285

N"t:l '" '"o 0 - .... 'OO<:1''<I"vvvv 
--NNNNN0. 0 ::;< '" 

~ 1984 24 0 51 4 742 291~ 24 0 51 4 629 246-"t:l 
4) c: II~ ~ 
0'" 

1985 36 6 53 9 728 205 21 4 53 9 683 192 u OU t.L.
 
-O'OOO .... vvvvv
 1986 23 8 305 64 566 206 16 6 83 17 566 206-cu ;,j
- .... 'O--r-r-r-r-r ..."'I ::;... 

-NNNNNN '0 E 8 1987 41 6 76 12 148 56 22 3 76 12 148 56u 0 
o~ "'C... 

0. .= ~ II 1988 4 0 98 9 1,846 458 4 0 92 8 701 174C/l 'OV1'<1"-O---- ~ C>. 0..>0: vNr-<:1'<:1'vvvvv 1989 26 4 400 44 326 58>- co ... 22 3 90 10 326 58 - N '<I" 00 -. -:. -:. -:. _.Lii :E § ~ 
.- 0 > Mean 26.6 125.2 833.4 19,6 63.2 631.5 
~~ u]'" >,... • Harvests were proportionally modified when the antlerless harvest exceeded 25 in MonC:~0i1i ... 0V10V1000000
 

:; 0.
 
-~ ...... tana hunting district 316, 100 in Montana hunting district 313, and 875 for the late hunt.-; '" E '"i'3'O~~~~~~~~~ 

>, • • • • • • ~ .,; ~ u b C =cows (adult female elk); Ca =calf elk.OIl", u _ ...~ u G.) _ V)

=:lc ~ ... 
c: :::> ~ 

~ ~ ="'C 0
"O'CUu 

~ o §~:::::II included a total of 84 illegal kills for 1982 and 1983 of unknown sex and 

.§ 
:l 
.., 

~Q.,~u~'"... c:uc; ... age) to 714 elk/year, reducing the antlerless harvest 27%. Bull harvests00 
~ -N'<I"r-OOOOO-0>' ... '<1"-'<1" .... 00000 '" -5 E ~ were unchanged.t:: E E.:: go ~ :- ----  o 0 :::3..c... .::..=] ... Elk-Postfire Scenario"t:l"t:l 0:; 
~ 

rri ;~:~OIlO-N .... '<I"V1'Or-OO<:1' We ran two options in the elk-postfire scenario. For our first option,COl c::: 000000000000 00 0000 00 ~ -; 0"0.5 
u u c:::c :;;I=:l~~~~~~~~~~ --:::> II we ran the elk model without wolf predation and used the same average 

~ V1 UU ~c:c~ observed hunter harvest during 1984-89 (423 bulls, 916 cows, and 240 



Fig. 1. Estimated elk population trends on Yellowstone's northern winter range, 

Results	 1980-89, in which elk harvests were unmodified. Scenarios include elk with. 
out wolves and a maximum of 78 wolves having predation rates of 9. 12. and 
15 ungulates/wolf/year.

For comparative purposes, all ungulate population scenarios having 1 

no wolf predation were modeled with observed and unmodified ungulate I 
harvests. Throughout the remainder of the text, these scenarios are iden
tified as elk, mule deer, or moose populations without wolf predation. 1 

21,000 350 
c:Wolf Predation Effects on Elk	 I c: o .2 

:;: 18,000 300 -CIlPretire Scenario	 1 ~ 
:J 
a.The elk population declined during 1988-90 without wolf predation	 :J 

g15,OOO 250 0 
Q.and declined much more rapidly during this period when wolf predation, I a. 

at populations of 78 and 100 wolves, was added to the existing elk har ) :!: 12.000 200 (5
vests (Figs. I and 2). When antlerless elk harvests were reduced 27% and W 3:

'Cthe wolf population was 78, the elk population in 1989 was estimated to	 Q) 150 '01 9,000 r-""* ElK without wolvea 
C1)be 5 to 18% smal1er than the elk population without wolf predation	 -tU -B- 9 ungulatea/wolf -CIl

(Fig. 3). With the same reduced antlerless elk harvest and a wolf popula 1 .5-6,000 100 E12 ungulatea/wol'
tion of 100, the estimated 1989 elk population was 11-30% smaller com	 0) -enW -e- 16 ungulatea/wolf W50pared to the elk population without wolves (Fig. 4).	 I 3,000 r--- -- ----- .""* Wolf Population 

Posttire Scenario	 I 01 I ~ I! I I I! I0I I 

Under the postfire scenario with unmodified elk harvests and no 78-79 80-81 82-83 84-85 86-87 88-89 
wolves. the population was estimated to increase from 17,420 in 1989 to 1 

Fig. 2. Estimated elk population trends on Yellowstone's northern winter range.
about 21,300 animals in 1994. For 78 wolves and the antlerless elk har 1980-89, in which elk harvests were unmodified. Scenarios include elk with.Ivest reduced 27%, we estimated the elk population recovered from its out wolves and a maximum of 100 wolves having predation rates of 9. 12. and
 
downward trend in the late 1980's under wolf predation rates of 9 and 12 15 ungulates/wolf/year.
 

60 MACK AND SINGER 

calves) for the hunter harvest during 1990-94. Our second option included 
wolf predation, and we used the same reduced antlerless harvest of 27% 
as in the elk-prefire scenario. The 1984-89 average reduced antlerless 
harvest of 60 I cows and 168 calves was used for the antlerless harvest 

21,000
from 1990 through 1994. The bul1 harvest remained at 423 from 1990 c: 
through 1994. o 

:;: 18,000 
~ 

Mule Deer	 :J 
g15,000Three options for hunter harvests of mule deer were modeled. First, a.

we modeled wolf predation on the mule deer population using the observed 
:!: 12,000

mule deer harvest. Second, we modeled wolf predation while limiting the W 
antlerless harvest to 50. Final1y, we modeled wolf predation and elimi

~-9,000
nated the antlerless harvest but used the observed buck harvest. tU 

.5-6,000Moose 
0)

Three options for hunter harvest of moose were modeled. First, we	 W 
3,000used the observed moose harvest. Second, we reduced the bul1 and 

antlerless harvest by half. Third, we eliminated the antlerless harvest and o
only used the observed bull harvest. 
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Fig. 3. Estimated elk population trends on Yellowstone's northern winter range. 
1980-89, in which antler less harvests were reduced 27% for the wolf preda
tion scenarios. Scenarios include elk without wolves and a maximum of 78 
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ungulates/wolf/year (Fig. 5). The elk population decreased slightly with 
a wolf predation rate of 15 ungulates/wolf/year (Fig. 5). For 78 wolves 
and predation rates of 9, 12, and 15 ungulates/wolflyear, our estimates 
suggested the 1994 elk population would be 5% (20,287 elk), 23% (16,446 
elk), and 41 % (12.561 elk) lower, respectively, compared to our predicted 
populations without wolves. For 100 wolves and the antlerless elk harvest 
reduced 27%, our estimates showed the elk population increased with a 
wolf predation rate of 9 ungulates/wolf/year and was about stable with a 
wolf predation rate of 12 ungulates/wolf/year (Fig. 6). The elk population 
rapidly declined when 100 wolves kil1ed 15 ungulates/wolflyear (Fig. 6). 

Wolf Predation Effects on Mule Deer 

Observed Harvest 
Wolf predation on mule deer-calculated for 78 wolves killing 9 un

gulates/wolf/year (Table 2)-was entered into the POP-II mule deer model. 
The model ran to 1984 and then failed because too few bucks were avail 
able in the population to support hunter deer harvests and wolf predation 
during that year. In 1984, the predicted wolf kil1 of bucks totaled only two, 
so it was unlikely that wolf predation caused the model to fail. These re
sults suggested that the modeled northern range mule deer population could 

wolves having predation rates of 9, 12, and 15 ungulates/wolf/year. 
I 
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Fig. 5. Estimated elk population trends on Yellowstone's northern winter range,
 
I 1980-94, in which antlerless harvests were reduced 27% for the wolf preda


tion scenarios. Scenarios include elk without wolves and a maximum of 78

I wolves having predation rates of 9, 12, and 15 ungulates/wolf/year. 

I 

Fig. 4. Estimated elk population trends on Yellowstone's northern winter range, 
1980-89, in which antlerless harvests were reduced 27% for the wolf preda
tion scenarios. Scenarios include elk without wolves and a maximum of 100 
wolves having predation rates of 9, 12, and 15 ungulates/wolf/year. 
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Fig. 7. Estimated mule deer population trends on Yellowstone's northern winter 
range, 1980-89, in which the antlerless harvests were eliminated for the wolf 
predation scenarios. Scenarios include mule deer without wolves and a maxi
mum of 78 wolves having predation rates of 9, 12, and 15 ungulates/wolf/year. 

the modeled mule deer populations ranged from 0 to 36% larger in 1989 
compared to the modeled population without wolf predation (Fig. 8). 

I 
WoLf Predation Effects on MooseI 

I Our initial models, combining wolf predation and the observed moose 
harvest for 1980-89, predicted that the moose populations declined and 

I	 were unable to sustain added wolf predation (Figs. 9 and 10). A second 
option was modeled with hunter harvests of bulls and antlerless mooseI 
reduced by half for 1980-89 (Table 6). For 78 wolves and the three pre
dation rates, our models predicted a 5% smaller to 12% larger populationI 
than what was observed with no wolf predation (Fig. II). For 100 wolves 
and three predation rates, our estimates predicted a 13% smaller to 7%I 
larger moose population compared to the moose population with no wolf 

I predation (Fig. 12). 

For 78 wolves, three predation rates, and no antlerless moose harvest,I our models predicted only one less moose in the 1989 population com
pared to the estimates when the moose harvest was reduced by half. The 

\ same situation existed for the IOO-wolf scenario with all three predation rates. 
I 

Fig. 6. Estimated elk population trends on Yellowstone's northern winter range, 
1980-94. in which antlerless harvests were reduced 27% for the wolf preda
tion scenarios. Scenarios include elk without wolves and a maximum of 100 
wolves having predation rates of 9, 12, and 15 ungulates/wolf/year. 

not support wol f predation and the observed mule deer harvest levels of 
the 1980's. A more likely explanation is that our mule deer model does 
not accurately describe the northern range mule deer population, particu
larly the buck population during the mid-1980's. 

Reduced Antlerless Harvest 

We reduced the average antlerless harvest 62% from the observed 
harvest of 122 antlerless deer/year. Only one scenario-78 wolves killing 
9 ungulates/wolflyear-ran in the mule deer population model without 
failing. This wolf predation scenario predicted a 9% larger deer popula
tion compared to the population estimate without wolf predation. The re
maining wolf populations and predation rates caused the model to fail 
because too few bucks were available to support the observed buck har
vest and wol f predation. 

No Antlerless Harvest 

Eliminating	 the antlerless harvest allowed the northern range mule 
deer population to grow in the presence of wolves. For 78 wolves and the 
three predation rates, the modeled mule deer population ranged from 13 
to 44% larger in the late 1980's compared to the estimated population with 
no wolf predation (Fig. 7). For 100 wolves and the three predation rates, 
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predation scenarios. Scenarios include mule deer without wolves and a maximum I I I I I I l' I I I I I I I I 100 
of 100 wolves having predation rates of 9,12, and 15 ungulates/wolf/year. 76-77 78-79 80-81 82-83 84-85 86-87 88-89 
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Fig. 8. Estimated mule deer population trends on Yellowstone's northern winter CIJ 
LU ""*- Wolf populal/onrange, 1980-89, in which the antlerless harvests were eliminated for the wolf 
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Fig. 10. Estimated moose population trends on Yellowstone's northern winter 

I range, 1980-89, in which moose harvests were unmodified. Scenarios include 
moose without wolves and a maximum of 100 wolves having predation rates 
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Hunter harvest Hunter harvest reduced by half~ 1 
100 "0 Year Bulls Cows Calves Bulls Cows Calves 

Q) I... 
C'Cl 1980 17 4 I 8 2 I 
E 1981 23 5 0 12 2 0
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LU 
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Fig. 9. Estimated moose population trends on Yellowstone's northern winter range, 1987 19 12 I 10 6 I 
1980-89, in which moose harvests were unmodified. Scenarios include moose I 1988 14 9 4 7 4 2 
without wolves and a maximum of 78 wolves having predation rates of 9, 12, 1989 23 14 I II 7 0 
and 15 ungulates/wolf/year. I
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Fig. II. Estimated moose population trends on Yellowstone's northern winter 
range. 1980-89, in which the moose harvests were reduced by half for the wolf 
predation scenarios. Scenarios include moose without wolves and a maximum 
of 78 wolves having predation rates of 9, 12, and IS ungulates/wolf/year. 
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Discussion 

Our models, with a population of 78 wolves, suggested that, when 
antlerless elk harvests were reduced 27%, 5-18% fewer elk would exist 
on the northern range with wolves. With 100 wolves and reduced antlerless 
harvests, we estimated 11 % to 30% fewer elk. Boyce (1990) stated that 
"it does not appear necessary that wolf predation require that hunting 
opportunities be reduced." Boyce concluded that mean numbers of elk 
would be reduced 15-25% after wolf recovery, slightly higher than our 
predictions for 78 wolves but within the range of our predictions for 100 
wolves. Boyce estimated a smaller late hunt harvest of elk (600 total) than 
we did (875 antlerless, approximately 925 total). Boyce based his lower 
harvest estimate on the reduced number of permits issued by the state of 
Montana in 1989-90 as a result of the fires and winterkills in 1988-89. 
However, permits were again increased in 1990-91, and we feel the higher 
harvest rate we used was realistic. 

Garton et al. (1990) predicted that northern range elk would decrease 
less than 10% after wolf recovery. They estimated wolves killed about 
1,500 elk each year, 1.3-2.8 times higher than any of our predictions at 
either 78 or 100 wolves. They included several responses in their model 
that might have accounted for the lower predicted effect on elk than our 
models predicted. These compensatory or functional responses included 
(I) increasing search rate by wolves with decreasing ungulate density; (2) 
decreasing survival rate of wolves with decreasing ungulate biomass; (3) 
declining pups per pack, percent pups in the population, pup survival, and 
wolf density; (4) increasing pack territory size with decreasing prey den
sity; and (5) increasing elk survival and increasing elk pregnancy rate at 
lower elk densities. 

The absence of functional and density-dependent responses in our 
models is apparent in our postfire elk-wolf models that extend to 1994. 
Of particular interest is the scenario of 100 wolves with a predation rate 
of 15 ungulates/wolf/year. Anyone or combination of possi ble wolf re
sponses could be invoked due to rapidly declining prey numbers, includ
ing (I) reducing the predation rate, (2) reducing wolf numbers by a num
ber of different mechanisms, (3) changing to alternative prey sources, or 
(4) reducing or eliminating surplus killing. It would be difficult to pre
dict when, in what capacity, and in what combinations wolves may em
ploy these functional responses when faced with declining prey popula
tions. Another factor not included in our models is that hunter harvests of 
elk, particularly antlerless elk, would likely decrease as the elk popula
tion decreased. Before 1990, our elk-wolf models used observed repro
ductive and harvest data but did not adjust for presumed density-depen

Fig, 12. Estimated moose population trends on Yellowstone's northern winter 
dent reproductive or density-dependent mortality responses that mightrange. 1980-89, in which the moose harvests were reduced by half for the wolf 
occur when wolf predation was included. Houston (1982) presented evipredation scenarios. Scenarios include moose without wolves and a maximum 

of 100 wolves having predation rates of 9, 12, and IS ungulates/wolf/year. dence that elk calf survival on Yellowstone's northern range was density 

2 

01 



70 MACK AND SINGER 

dependent during the 1970's. However, density dependence was not 
strongly demonstrated for other variables sucn as female age of sexual 
maturity. natality rate, and male survival (Houston 1982:68). Houston also 
pointed out the difficulty in determining density-dependent effects because 
of hunter harvests on the northern range elk herd. Without predator-prey 
functional responses, possible density-dependent responses, and hunter 
harvest responses, our elk-wolf models may exaggerate wolf predation 
effects on ungulate populations, particularly at high wolf populations, high 
wolf predation rates, high hunter harvests, and declining ungulate populations. 

Wolf predation on ungulates resulted in reduced hunter harvests in 
some North American studies (Keith 1974, 1983; Gasaway et al. 1983; 
Gunson 1986). For the Gallatin elk herd, Vales and Peek (1993) predicted 
hunter harvests would need to be reduced 9-33% and restricted primarily 
to bulls if wolves were restored. When the antlerless elk harvest was re
duced 27%. our elk-wolf models suggested a 5-30% reduction of the 
northern range elk population would occur due to wolf predation. 

Compared to the mule deer population without wolves and with an 
unmodified hunter harvest, our POP-II models suggested that from 0 to 
44% more mule deer would be on the northern range with wolves present 
if hunter harvests of antlerless deer were eliminated. The models indicated 
that hunter harvests playa more significant role in this population than 
the presence of wolves, Deer from this herd, particularly bucks, are heavily 
harvested by hunters (Mack and Singer 1993), and recently observed buck/ 
doe ratios are 4 to 8 bucksII 00 does. The modeled mule deer population 
is sensitive to minor increases in hunter harvest, and the sensitivity to any 
additional predation is not surprising. Mack and Singer (1993) speculated 
that both total deer numbers and buck/doe ratios are underestimated in the 
population model. Underestimates of deer numbers and buck/doe ratio 
variables would exaggerate the effects wolf predation would have on the 
mule deer population. A conservative antlerless deer harvest is recom
mended if a wolf population is established, at least until more deer popu
lation data can be gathered and evaluated. 

Our POP-II models suggested moose harvests would likely need to 
be reduced after wolf recovery. Some moose populations sustain antlerless 
moose harvests even when combined with wolf or bear predation (Fuller 
and Keith 1980; Gasaway et al. 1983; Bangs et al. 1989). When the hunter 
harvest was reduced by half, our model estimates predicted a 13% smaller 
to 12% larger moose population compared to the scenario without wolves 
and an unmodified hunter harvest. When the antlerless moose harvest was 
eliminated and the antlered-bull harvest remained unchanged, the moose 
population estimates were nearly equal to the estimates with wolf preda
tion and moose harvests reduced by half. Both harvest scenarios produced 
stable moose populations. When the antlerless moose harvest was elimi
nated in the model, the absence of any signi ficant benefits to moose num-
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bers might have been due to the observed low calf recruitment and the 
relatively high harvest of bull moose each year. 

Wolf predation might be compensatory with other sources of moose 
mortality, or recruitment rates might increase as the moose population 
declines. The observed low calf ratios might be due to high rates of bear 
predation, either by grizzlies (Ursus arctos; Ballard et al. 1987) or black 
bears (Ursus americanus; Franzmann et al. 1980). Both species are com
mon in moose habitats on the northern range. Wolf and bear predation on 
moose calves was compensatory in some situations (Filonov 1980; Van 
Ballenberghe 1987). However, Gasaway et al. (1983) found no compen
satory reduction in mortality or compensatory increase in reproduction of 
moose calves in interior Alaska, and they warned, "Therefore, great cau
tion must be exercised in harvesting ungulates in ecosystems where wolves 
are harvested lightly or are essentially naturally regulated." 

With an established population of 78 to 100 wolves, our wolf-ungu
late models proposed reducing antlerless harvests of elk, mule deer. and 
moose to maintain or increase those ungulate populations inhabiting 
Yellowstone's northern range. As we discussed earlier, our models do not 
include possible density-dependent population responses of ungulates or 
wolf-ungulate functional responses that may operate on the northern range. 
We do not propose how and to what degree these responses may occur, 
but if they do, ungulate populations may be larger than we predicted, and 
hunter opportunities and harvests may not be affected to the degree pro
posed in our models. 

Management Implications 

Our predictions suggested that with existing hunter harvests and no 
wolves, the northern range elk population would increase to about 21,000 
animals by 1994. The Montana Department of Fish, Wildlife, and Parks 
is currently allowing late season hunts to reduce the northern range elk 
population. After wolf recovery, bull harvest levels can be maintained, but 
antlerless harvests may need to be reduced if wildlife managers want to 
stabilize the elk population at levels lower than those observed in the late 
1980's. Managers need to establish population objectives for the northern 
range elk herd to help decide when and how much the antlerless elk har
vests should be modified. 

Our models suggest antlerless harvests of northern range mule deer 
and moose will have to be greatly reduced if wolves are introduced into 
Yellowstone National Park. However, population data are limited for both 
species, and wolf predation on mule deer and moose might be much lower 
than our predictions indicate if we underestimated population sizes or 
male/female ratios. We suggest obtaining better estimates of mule deer and 
moose population sizes and verifying age/sex ratio data. 
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I 
Abstract. Data were gathered for six ungulate species that reside in 

1 

I 
Yellowstone National Park. If gray wolves (Canis lupus) are reintroduced 
Yellowstone area, their avoidance of human activities or their manager 

I 

humans may determine their range. Therefore. the area of wolf occupati 
not be predicted now. We restricted our analysis to Yellowstone National F 

! to the adjacent national forest wilderness areas. We included mostly ungula 
that summer inside or adjacent to the park and that would probably be ' 
by wolves. Our wolf study area includes Yellowstone National Park and; 
wilderness areas most likely to be occupied by wolves. We reviewed publi 

1 
park records, survey reports, and state fish and game surveys and reports 
tistics on ungulate populations. These data provide an overview of ungulal

1 lations and harvests. Each ungulate herd is described in detail. We restri, 
analysis to 1980-89, because population surveys were more complete dur 

1 
period and because population estimates of most ungulate populations 
creased by the 1980's. We feel the higher estimates of the 1980's rene\ 
up-to-date techniques and are most representative of the situation intI , 
wolves would be reintroduced. 

I 

1 Ungulate Populations and Harvest 

I Elk 
\ Seasonal Ranges and Distribution 

I Portions of eight elk (Cervus elaphus) herds from our wolf stu 
spend summers in Yellowstone National Park (Figs. I and 2). Es 
from the eight elk herds summering within Yellowstone Nation 

I 

1 
ranged from 25,000 to 31,000 annually (Table I). This estimate i 

1 on the proportion of radio-collared elk (n = 386) in eight herds I 

grate into the park each summer (see details in the Appendix). F 

I
 
I Present address: Natural Resources Ecology Lab. Cooperative Park Studies UrI 

rado State University. FOri Collins. Colo. 8052.\ 
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