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TRENDS OF WINTER NUTRITIONAL RESTRICTION, TICKS, AND 
NUMBERS OF MOOSE ON ISLE ROYALE 
GLENN D. DelGIUDICE, Forest Wildlife Populations and Research Group, Minnesota Department of Natural Resources, Grand 

Rapids, MN 55744, and Department of Fisheries and Wildlife, University of Minnesota, St. Paul, Minnesota 55108, USA 
ROLF O. PETERSON, School of Forestry and Wood Products, Michigan Technological University, Houghton, MI 49931, USA 
WILLIAM M. SAMUEL, Department of Biological Sciences, University of Alberta, Edmonton, AB T6G 2E9, Canada 

Abstract: During a 7-year study, we monitored winter nutritional restriction of moose (Alces alces) and moose 
numbers on Isle Royale (winters 1987-88 to 1993-94). Over the 7 winters, the estimated moose population 
decreased 26% from an historic high of 1,653 (winter 1987-88) to 1,216 (1989-90), then increased to a new 
high (1,880 and 1,770) by winters 1992-93 and 1993-94. During that time, there was a significant (P = 0.0486) 
negative relation (r = -0.84) between the percent of urine specimens collected from snow (snow-urine) in 
late winter with urea nitrogen:creatinine (UN:C) ratios 

-3.5 
mg:mg and percent change in the moose popu- 

lation from winter 1987-88. Mean urinary UN:C of moose residing on the east and west ends of Isle Royale 
declined (P s 0.0001) among years; however, slopes of the 2 trends were different (P = 0.0001). The nutritional 
restriction and decline in moose numbers appeared to involve an epizootic of the winter tick (Dermacentor 
albipictus; indicated by percent moose observed with tick-induced hair breakage and loss). During winters 
1987-88 to 1989-90, the percentage of late winter snow-urine specimens with UN:C ratios indicative of severe 
nutritional restriction ranged from 47 to 58%; however, the percentage decreased to zero by winter 1993-94 
as the tick infestation subsided and moose numbers increased. 
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Like other northern cervids, moose exhibit 
seasonal variations of dry matter intake, body 
mass, metabolic rates, and energy requirements 
with pronounced reductions occurring during 
winter (Schwartz et al. 1984, 1987, 1988; Re- 
gelin et al. 1985; Renecker and Hudson 1985, 
1989). Generally, this winter nutritional chal- 
lenge is a response to coincident decreased for- 
age availability and quality (Krefting 1951, 
Cumming 1987, Risenhoover 1987) and in- 
creased energetic costs of movement (Telfer 
and Kelsall 1984). However, severity of nutri- 
tional restriction may be mediated by a variety 
of environmental factors, e.g., species compo- 
sition of available forage, winter weather con- 
ditions, moose density, and disease. 

There are a number of advantages inherent 
in multi-year studies of wildlife populations in 
a given location. The primary advantage is that 
with the passage of time, there is an increasing 
probability of occurence of natural, marked en- 
vironmental perturbations that might induce 
unique responses in populations, thus affording 
the opportunity to study complex relations be- 
tween populations and temporally varying en- 
vironmental factors. Findings from such re- 
search may generate important hypotheses con- 
cerning ecological relations. 

Previously, we reported urinary UN:C ratios 
of mooge in Isle Royale National Park experi- 
encing severe nutritional restriction during win- 
ters 1987-88 and 1988-89 (DelGiudice et al. 
1991a). These data indicated that nutritional re- 
striction in moose was more severe on the east 
end of the island than on the west end. During 
winter 1987-88, moose numbers were estimat- 
ed to be at an historic high, but there was evi- 
dence of the beginning of a winter tick epizootic 
(Peterson 1988). By 1989, moose numbers had 
decreased 16%, and severe nutritional restric- 
tion was still evident in a high proportion of 
sampled moose. We continued to monitor win- 
ter nutritional restriction of moose on the west 
and east ends of Isle Royale and moose num- 
bers island-wide. Herein, we report and discuss 
7-year trends and interactions of winter nutri- 
tional restriction, ticks, and moose numbers on 
Isle Royale. 

This study was funded by Isle Royale Nation- 
al Park, the National Science Foundation DEB- 
9317401, National Geographic Society, the 
Minnesota Department of Natural Resources, 
Natural Sciences and Engineering Council of 
Canada, Earthwatch, and Boone and Crockett 
Club. We thank the staff of Isle Royale National 
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Park and individuals for field assistance and K. 
D. Kerr, M. D. Lewis, and S. K. Ruen for tech- 
nical support in the laboratory. We appreciate 
the statistical consultation and manuscript re- 
view of M. R. Riggs. 

STUDY AREA 
Isle Royale, 544 km2 in area, 72 km long and 

14 km at its widest point (Peterson 1977), is 
located at 47055'N, 89GW and about 24 km 
south of the Canadian border. Elevations on 
Isle Royale range from 181 to 419 m (Peterson 
1977). The island consisted primarily of a bed- 
rock strata. The east end of the island was char- 
acterized by thin, azonal soils, abundant bare 
rock ridges, and boreal forest of balsam fir 
(Abies balsamea) and white spruce (Picea glau- 
ca; Krefting et al. 1970, Peterson 1977). There 
were associated stands of white birch (Betula 
papyrifera) and trembling aspen (Populus tre- 
muloides). In contrast, soils on the west end 
were thicker, more developed, contained abun- 
dant glacial debris, and may exhibit a higher 
nitrogen content in the absence of moose 
browsing (Huber 1973, Peterson 1977, Pastor 
et al. 1988). Balsam fir occurred on the west 
end, but at lower densities than on the east end 
(Brandner et al. 1990; B. E. McLaren, unpubl. 
data). More apparent on the west end are mixed 
northern hardwood stands of sugar maple (Acer 
saccharum), yellow birch (B. allegheniensis), 
trembling aspen, and white birch. Northern 
white cedar (Thuja occidentalis) and white 
spruce also were present. More detailed de- 
scriptions of Isle Royale may be found else- 
where (Krefting et al. 1970, Huber 1973, Kreft- 
ing 1974, Peterson 1977, Risenhoover and Pe- 
terson 1986, Pastor et al. 1988). 

Snow depth was similar on both ends of the 
island. Daily snow depths, January-early March 
1988-93, were 34-50, 63-81, 45-69, 38-53, 38- 
63, and 37-55 cm. During January-late Feb- 
ruary 1994, snow depths were 28-60 cm (Isle 
Royale Natl. Park records, Houghton, Mich.). 
During December-March, ranges of mean 
monthly ambient temperatures were -16 to 
-4.8, -16 to -9.4, -17.9 to -3.9, -17.2 to 
-5.1, -11.3 to -5.5, -14.1 to -5.1, and -22 
to -3.1 C for 1987-88 to 1993-94 (Environ. 
Can., Thunder Bay, Ont. 1987-1994). 

About 15 additional species of mammals oc- 
cur on Isle Royale, including the gray wolf (Ca- 
nis lupus), red fox (Vulpes vulpes), snowshoe 
hare (Lepus americanus), and beaver (Castor 

Isle Royale 
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Fig. 1. Locations of sites where moose urine specimens in 
snow (snow-urine) were collected for physiological assess- 
ment of nutritional restriction, Isle Royale, winters 1987-88 to 
1993-94. 

canadensis). Predation by wolves continues to 
be the primary proximate cause of death for 
moose of Isle Royale (Peterson 1977, 1994). 

METHODS 
Moose Snow-Urine Sampling 

We collected specimens of moose snow-urine 
during mid- (14 Jan-15 Feb) and late winters 
(22 Feb-2 Mar) 1988-94 on the west and east 
ends of Isle Royale as described in DelGiudice 
et al. (1991a). Specific locations included Win- 
digo, Feldtman, and Grace Creek on the west 
end, and Tobin, Benson, and Daisy Farm on the 
east end (Fig. 1). Sampling areas ranged in size 
from 2 to 4 km2. 

To ensure collection of fresh specimens of 
urine, and thus allow association of urinary data 
with specific times during winter, samples were 
collected within 24-48 hours of a recent snow- 
fall. We employed a haphazard sampling design, 
in which personnel traversed areas known to 
have moose until they intersected moose tracks, 
whereupon, the trail was followed until a sam- 
ple was found. Specimens were collected and 
handled as described by DelGiudice et al. 
(1991a). To avoid multiple samples from the 
same moose during a collection, collectors were 
selective with respect to the sets of tracks they 
followed, and they minimized the number of 
specimens they obtained along a specific trail 
relative to the number of moose being tracked 
(DelGiudice et al. 1991a). Track size was used 
to discriminate among individual moose (e.g., 
calves from moose >1 yr old). Samples from 
calves were generally avoided. 
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Moose Counts and Winter Tick 
Assessments 

Moose were counted from fixed-wing aircraft 
once each winter between late January and late 
February. Each year identical small plots (av- 
eraged 1 km2) totalling 15 to 20% of the island 
area (544 km2) were surveyed intensively by cir- 
cling overhead (mean search intensity 14 min/ 
km2). Sampling intensity was similar on the east 
and west ends of the island. Plots were estab- 
lished randomly within each of 3-4 strata of rel- 
ative density. Stratum boundaries were redrawn 
each year based on systematic (every 3 km) 
transects flown to assess relative track density 
2-4 days after fresh snow, but in practice, there 
is minimal change in strata boundaries because 
we counted moose after their distribution had 
stabilized in mixed or conifer-dominated habi- 
tats. The plots were partitioned into 3-4 strata 
to reduce variance in the final estimate that is 
calculated (with 90% confidence limits) accord- 
ing to Gasaway et al. (1986). A 75% sightability 
factor, derived from tests with radiocollared 
moose, was employed to correct the estimates 
(Peterson and Page 1993). While the east and 
west ends have vegetation differences, once the 
distribution of moose has stabilized, their selec- 
tion of habitat was similar throughout the is- 
land. 

Assessment of winter tick infestation was 
done by recording tick-induced hair damage 
during aerial surveys of moose, 1988-94. The 
assessment was based on the proportion of 
moose on census plots that had patterns of hair 
breakage and loss (i.e., alopecia) typical of that 
induced by winter ticks (McLaughlin and Ad- 
dison 1986, Samuel et al. 1986, Samuel 1991). 
There are no other known causes of this type 
of hair loss on moose in North America (Samuel 
1989). Observations of tick-induced hair dam- 
age and loss were first made in winter 1987-88, 
but data recording was casual. We rigorously 
began recording observations during winter 
1988-89. Because tick-induced hair loss is min- 
imal in January and February (Samuel and 
Welch 1991), when aerial surveys were done, 
observations made then might underestimate 
the extent of the epizootic. 

Hides of 2 moose, a female calf and an adult 
cow, found dead in February and early March 
on Isle Royale, were shipped frozen to the Uni- 
versity of Alberta. About 7,500 and 14,000 cm2 
of hide were examined for winter ticks following 

the digestion technique of Welch and Samuel 
(1989). 

Laboratory and Statistical Analyses 
We chemically analyzed urinary urea nitrogen 

(UN), creatinine (C), and potassium (K) as de- 
scribed in DelGiudice et al. (1990). Urea nitro- 
gen and K data were compared as ratios to C 
to correct for differences in hydration, body 
size, and dilution by snow (DelGiudice et al. 
1988, 1991a). Potassium : creatinine ratios were 
multiplied by 1,000 for ease of comparison 
within this study and with data reported else- 
where (DelGiudice et al. 1991a, DelGiudice 
1992). Creatinine ratios of several urinary 
chemistries diluted in snow accurately repre- 
sent these ratios in bladder urine (DelGiudice 
et al. 1998, White et al. 1995). 

Statistical analyses included urinary data from 
DelGiudice et al. (1991a) to permit a more 
complete examination of multi-year trends. Dif- 
ferent from DelGiudice et al. (1991a), data col- 
lected during early February 1988 and 1989 
were reclassified as mid-winter to facilitate con- 
sistency with winters 1990 through 1994. Uri- 
nary UN:C and K:C ratio data were analyzed by 
3-way analysis of variance (ANOVA) with year 
(1988-94), location (east vs. west end of island), 
and season (mid- and late winter) as main ef- 
fects. Although year was treated as a catagorical 
effect in the ANOVA model, orthogonal poly- 
nomial contrasts were included in the analysis 
to test for the alternative of a trend across years 
at each location (Montgomery 1991:118-120). 
Before analyses, UN:C and K:C ratios were log- 
transformed. All significant (P s 0.05) interac- 
tions were examined graphically to determine 
which ones were of biological consequence 
(Neter et al. 1990:681-608, 821-826). Linear 
regression analyses were employed to examine 
relations of moose population change with 
UN:C and effects of snow depth and Julian day 
on UN:C ratios. All analyses were made with 
the SAS system (SAS Inst. Inc. 1988). Signifi- 
cant differences in moose estimates were indi- 
cated if upper and lower 90% confidence limits 
from annual counts did not overlap. 

RESULTS 
Moose with hair damage and loss caused by 

winter ticks were first observed in February 
1988, but such evidence was most prevalent in 
February 1989 (Fig. 2). Numbers of winter ticks 
on the collected hides of a calf and a cow were 
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Fig. 2. Percent moose at Isle Royale observed during aerial 
census with hair damage and loss caused by winter ticks (Der- 
macentor albipictus), Isle Royale, winters 1988-89 to 1993- 
94. (no. in parentheses are total moose observed.) 

estimated at 28,338 (1.89 ticks/cm2) and 23,590 
(0.85 ticks/cm2). Prevalence decreased in 1990, 
but was still 16% (Fig. 2). Annual prevalences 
were low in winters 1993 and 1994. 

The moose population declined (P - 0.10) 
26% from 1988 to 1990, then increased (P - 
0.10) steadily (55%) until 1993 (Fig. 3). Moose 
numbers remained stable through 1994. Based 
on classification of all moose counted on plots 
(n in Fig. 2) during 1988-94, calves composed 
15, 13, 15, 14, 11, 14, and 12%. 

There was no significant (F = 1.40; 6, 358 df; 
P = 0.21) year X location X season interaction 
for mean urinary UN:C. The year X location 
interaction was highly significant (F = 5.82; 6, 
358 df; P < 0.001; Fig. 4). The year x season 
(F = 2.09; 6, 358 df; P = 0.054) and location x 
season (F = 4.05; 1, 358 df; P = 0.045) inter- 
actions were marginally significant, and after 
graphical examination, deemed of little biolog- 
ical consequence. From 1988 to 1994, mean 
urinary UN:C declined significantly for both 
east (-75%; F = 158.63; 1, 358 df; P < 0.001) 
and west-end (-36%; F = 36.54; 1, 358 df; P 
< 0.001) moose. However, the slopes of their 
trends were different (F = 25.53; 1, 358 df; P 
< 0.001; Fig. 4); it was steeper in east-end 
moose during the first 4 years. Mean UN:C ra- 
tios were affected by year (F = 33.50; 6, 358 
df; P < 0.001) and location (F = 117.40; 1, 358 
df; P 

- 
0.001), but not by season (F = 0.22; 1, 

358 df; P = 0.64). 
During late winters 1988-90, 47.4-57.9% of 
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Fig. 3. Estimates of the number of moose (? 90% confidence 
limits) and percentage of moose urines voided in snow during 
late winter with urea nitrogen:creatinine ratios indicative of se- 
vere nutritional restriction, Isle Royale (east and west ends 
pooled), winters 1987-88 to 1993-94. (sample sizes were 
19-28, and data from 1988 and 1989 were recalculated from 
DelGiudice et al. 1991 a.) 

moose sampled on the east and west ends of 
Isle Royale (island-wide) exhibited UN:C ratios 
(-3.5 mg:mg) indicative of severe dietary en- 
ergy restriction and accelerated net catabolism 
of protein (Fig. 3). This percentage declined 
steadily to 0% by 1994 (Fig. 3). Over the 7-year 
study period, we found a significant (F = 11.70; 
1, 5 df; P = 0.019) negative linear relation (r = 
-0.84) between the percent change in moose 
numbers from winter 1988 and the percentage 
of snow-urine samples from the previous late 
winter with UN:C ratios indicative of severe di- 
etary energy restriction (?3.5 mg:mg; Fig. 5). 
During mid- and late winters 1988-90, the per- 
centage of sampled moose with UN:C ratios in- 
dicative of severe dietary energy restriction was 
greater on the east end of the island (Fig. 6). 
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Fig. 4. Mean (+ SE) urea nitrogen:creatinine ratios of urine 
voided in snow by moose on the west and east ends of Isle 
Royale, winters 1987-88 to 1993-94. (sample sizes were 
22-35, and data from 1988 and 1989 were recalculated from 
DelGiudice et al. 1991a.) 
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Fig. 5. The relation between the percentage of late winter 
snow-urine samples with urea nitrogen:creatinine (UN:C) ra- 
tios indicative of severe nutritional restriction and the percent 
change in the following winter's moose numbers from winter 
1987-88 (y = 21.495-0.847x, r2 = 0.70, P = 0.019), Isle Roy- 
ale, winters 1987-88 to 1994-95. Dotted lines represent 90% 
confidence limits. 

The disparity remained evident until late winter 
1994. We detected no relation between snow 
depth and UN:C during the study. 

The year x location x season interaction was 
nonsignificant (F = 1.40; 6, 357 df; P = 0.22) 
for mean K:C ratios. There was a marginally 
significant (F = 2.20; 6, 357 df; P = 0.043) year 
x location interaction (Fig. 7); location x sea- 
son was highly significant (F = 10.23; 1, 357 df; 
P = 0.002), but the trends were limited to just 
2 points (mid- and late winter). Mean K:C re- 
mained relatively stable from early to late win- 
ter in moose residing on the east end of Isle 
Royale, but declined in west end moose. The 
year X season interaction was not significant (F 
= 0.72; 6, 357 df; P = 0.64). Year was the only 
significant (F = 11.84; 6, 357 df; P < 0.001) 
main effect for K:C. 

DISCUSSION 
Given the seasonal dynamics of weather and 

availability and quality of forage, winter nutri- 
tional restriction and condition deterioration in 
moose are expected (Hjeljord et al. 1982; 
Schwartz et al. 1984, 1987, 1988; Regelin et al. 
1985; Renecker and Hudson 1985, 1989). How- 
ever, mid- and late winter UN:C data from Isle 
Royale moose indicated abnormally severe nu- 
tritional (i.e., dietary) restriction in a high pro- 
portion of moose from 1988 to 1990. Coinci- 
dent with a 26% decline in the population dur- 
ing this period, high proportions of late winter 
snow-urine samples (47-58%), collected pri- 
marily from moose >1 year old, exhibited UN: 
C ratios indicative of accelerated endogenous 

100 

690 8 

70 

50 
D El West end 

40 [1 
East end 

S30 
E 20 

10 

1988 1989 1990 1991 1992 1993 1994 

Winter 

100 

90 
E 6 so 
S 70 Late winter 

60 
Z E West end 

- o0I East end 
S40 

30 
S20 

10 

1988 1989 1990 1991 1992 1993 1994 

Winter 

Fig. 6. Pecentage of urine specimens voided in snow by 
moose exhibiting urea nitrogen: creatinine ratios indicative of 
severe nutritional restriction, east and west ends of Isle Roy- 
ale, during mid- and late winters 1987-88 to 1993-94. (sample 
sizes were 8-21, and data from 1988 and 1989 were recal- 
culated from DelGiudice et al. 1991a). 
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Fig. 7. Mean (+ SE) potassium :creatinine ratios of urine 
voided in snow by moose on the west and east ends of Isle 
Royale, winters 1987-88 to 1993-94. (sample sizes were 
22-35, and data from 1988 and 1989 were recalculated from 
DelGiudice et al. 1991 a). 
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protein catabolism (>3.5 mg:mg; Hundertmark 
et al. 1990; DelGiudice et al. 1991a,b, 1994). 

To illustrate the biological significance of el- 
evated UN:C ratios relative to condition dete- 
rioration, consider the difference (2.5 mg:mg) 
in late winter mean UN:C ratios of east end 
moose between winters 1988-89 (4.3 mg:mg) 
and 1993-94 (1.8 mg:mg) when assessed nutri- 
tional restriction was severe and mild. Assuming 
the difference of 2.5 mg urea N excreted/mg 
creatinine is derived from endogenous protein 
catabolism, a loss of 62.5 mg lean body mass 
(LBM)/mg creatinine is indicated (Kinney et al. 
1970, Runcie and Hilditch 1974). Employing 
creatinine coefficients in the range of 19-31 
mg/kg/day (Cool 1992), this would represent a 
LBM loss of 0.5-0.8 kg/day for a 400-kg moose. 
Although we have no data to indicate the du- 
ration of such a catabolic rate during winter 
1988-89, our data reflect a serious rate of de- 
terioration in body condition. 

Initial evidence of the winter tick epizootic, 
loss of hair by infested moose during February 
1988, was the direct result of vigorous grooming 
(e.g., licking, biting, rubbing, and scratching 
with the hind feet), which begins in January and 
becomes most intense in March and April 
(Samuel 1991). Uninfested moose rarely groom 
during this period (Samuel 1991). Potential ad- 
verse consequences of grooming and hair loss 
relative to activity budgets, hypothermia, re- 
duced fat stores, and compromised immunity 
have been discussed elsewhere (McLaughlin 
and Addison 1986, Glines and Samuel 1989, 
Welch et al. 1990, Samuel 1991). 

The interaction between nutritional state of 
the individual and tick infestation is complex. 
Generally, animals on a lower plane of nutrition 
carry more ticks (Gladney et al. 1973) and ex- 
hibit more serious clinical manifestations (e.g., 
anemia and other physiologic effects) as a con- 
sequence (O'Kelly and Seifert 1970, Glines and 
Samuel 1989). For free-ranging moose, nymph- 
al and adult ticks engorge on blood during the 
critical March-April period of progressive nu- 
tritional and energetic stress, then drop off 
(Glines and Samuel 1989). 

The high proportion of moose on Isle Royale 
with tick-induced hair damage and loss during 
winter 1988-89 (Fig. 2) indicated that the tick 
epizootic was most severe during that year 
(Samuel 1991, Samuel and Welch 1991; W. M. 
Samuel, unpubl. data). Ticks and hair damage 
were prominent on all carcasses found where 

hide remained. During the same winter, a high 
prevalence of hair loss and/or significant mor- 
tality of moose attributable to winter ticks also 
was recorded in Elk Island National Park, Al- 
berta (W. M. Samuel, unpubl. data), Algonquin 
Park, Ontario (Wilton and Garner 1993), Man- 
itoba (V. Crichton, pers. commun.), and Min- 
nesota (W. Peterson, pers. commun.). During 
this study, moose density on Isle Royale ranged 
from 2.2 to 3.5 moose/km2, numbers that ex- 
ceeded densities of the previous 3 decades 
(McLaren and Peterson 1994). The population 
trend we observed appeared to be largely a 
function of mortality rate, as recruitment was 
relatively stable (calves composed 11-15% of 
the moose observed during the annual aerial 
counts). During at least 12 winters since 1930, 
winter tick epizootics have been associated with 
major die-offs of moose in central Alberta 
(Webb 1959, Samuel and Barker 1979, C. B. 
Blyth and R. J. Hudson, unpubl. data). 

Tick-related mortality of moose in many areas 
of North America in 1989 suggests a common 
extrinsic influence, perhaps independent of 
moose density on Isle Royale. Late March to 
late April is the time when blood-engorged, 
adult female winter ticks drop from moose 
(Drew and Samuel 1989). Low precipitation 
and warm temperatures during April appear to 
be conducive to maximum survival and subse- 
quent reproduction of ticks, thus potentially re- 
sulting in increased numbers of ticks the follow- 
ing autumn-winter. Specifically, snow cover ad- 
versely affects survival of disengaging females 
(Drew and Samuel 1986), and Wilton and Gar- 
ner (1993) have suggested that survival of win- 
ter ticks decreases at mean April temperatures 
<3-4 C. Precipitation during April 1987, 1988, 
and 1989 was unusually low (-11 cm) com- 
pared to 1990-94 (75, 29, 46, 55, and 48 cm; 
Natl. Oceanic and Atmos. Adm. 1987-94). In 
1987, snow cover (2.5 cm) occurred no later 
than 2 April, and no snow cover was recorded 
for April 1988 (Natl. Oceanic and Atmos. Adm. 
1987, 1988). During April 1989, following the 
winter of peak infestation, a snow depth of 12.5 
cm was recorded as late as 20 April (Natl. Oce- 
anic and Atmos. Adm. 1989). Mean tempera- 
ture was elevated during April 1988 (3.8 C) and 
1991 (4.8 C) compared to April 1989, 1992-94 
(all 

-1.6 
C), and 1990 (2.9 C) (Environ. Can., 

Thunder Bay, Ont. 1988-94). 
From 1991 to 1994, both mean UN:C and 

proportions of snow-urine samples with UN:C 
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ratios ? 3.5 mg:mg declined, thus, indicating a 
moderating of winter nutritional restriction 
(DelGiudice et al. 1991a,b). Coincidently, pop- 
ulation density exhibited an upward trend. A 
significant negative correlation between popu- 
lation rate-of-increase (% change from winter 
1988) and UN:C ratios suggests that severe nu- 
tritional restriction associated with the tick in- 
festation may have contributed to the decline in 
moose density on Isle Royale during 1988-90. 
Data for the 1988-94 period are consistent with 
a continuous linear rate of change, but because 
of an absence of data, we cannot rule out the 
possibility of a single step decline in moose 
numbers between 13 and 48% on the x-axis 
(Fig. 5). 

Interestingly, during 1988-92, when winter 
ticks were most prevalent, UN:C ratios indicat- 
ed that late winter nutritional restriction was 
more severe for moose at the east end of Isle 
Royale compared to the west end. However, 
during late winters 1993 and 1994, the east- 
west difference in restriction was almost non- 
existent. Density-independence of these spatial 
differences and temporal changes is indicated 
by absence of a difference in moose densities 
between the east and west sides of the island 
throughout the 7-year study and by moderation 
of the apparent nutritional restriction as the tick 
infestation subsided and moose numbers in- 
creased from 1991 to 1994. Uncertainty arising 
from ecological complexity and inevitable short- 
comings in available data render this finding dif- 
ficult to explain. However, a marked difference 
in east versus west habitat composition may be 
an important factor. The west end of the island 
comprises a diversity of forest types, whereas 
the east end is characterized by a greater den- 
sity of balsam fir (Krefting 1974, Brandner et 
al. 1990, McLaren and Peterson 1994). These 
habitat differences have been associated with 
differences in diets of the moose (Krefting 
1974). Additional research is warranted to ex- 
amine more closely the interrelations of dietary 
differences, nutritional restriction, and the 
stress imposed by winter tick infestation. 

Ours was an observational study with infer- 
ences drawn from correlational data. Neverthe- 
less, it demonstrated that population density for 
moose per se had little association with either 
the population rate-of-increase or nutritional 
status. These findings were consistent with the 
conclusion of McLaren and Peterson (1994) 
that Isle Royale moose were released from 

top-down control by wolf predation during the 
1980s after a wolf decline that was linked cir- 
cumstantially to a new disease. We predict that 
Isle Royale moose, lacking regulation by wolves 
or a density-dependent reduction in recruit- 
ment, will continue to increase until other 
sources of mortality intervene. Further, UN:C 
data suggest the existence of a detectable eco- 
logical linkage between nutritional restriction of 
Isle Royale moose and population performance. 

From our findings and those of other perti- 
nent studies on Isle Royale, we submit the fol- 
lowing 2 hypotheses for future research. First, 
we hypothesize that a large part of the stress 
imposed by winter tick infestation on moose is 
mediated through its effect on nutritional re- 
striction, with the greatest effect on moose that 
rely heavily on balsam fir (i.e., implication of 
restrictive effects of secondary compounds). A 
corollary to this hypothesis is that the nutrition- 
al restriction is related directly to preoccupation 
of infested moose with grooming. Second, we 
hypothesize that effects of winter ticks on 
moose across geographic regions are primarily 
weather-dependent and density-independent. 
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MORTALITY PATTERNS OF WHITE-TAILED DEER IN MICHIGAN'S 
UPPER PENINSULA 
TIMOTHY R. VAN DEELEN,' Department of Fisheries and Wildlife, Michigan State University, East Lansing, M1I48824-1222, USA 
HENRY CAMPA III, Department of Fisheries and Wildlife, Michigan State University, East Lansing, MI 48824-1222, USA 
JONATHAN B. HAUFLER,2 Department of Fisheries and Wildlife, Michigan State University, East Lansing, MI 48824-1222, USA 
PAUL D. THOMPSON, Hiawatha National Forest, 8181 U.S. Highway 2, Rapid River, MI 49878, USA 

Abstract: We radiotracked 95 white-tailed deer (Odocoileus virginianus, all age classes) in Michigan's Upper 
Peninsula between January 1992 and January 1995 for a total of 38,888 deer-days. Fifty-eight deer died: 12 
due to predation, 6 due to malnutrition, 14 due to other or unknown sources, and 26 killed by hunters 
(including 1 that was poached). Analysis of mortality indicated rates of annual nonhunting mortality were 0.19 
(SE = 0.09) for adult females, 0.00 (SE = 0.05) for adult males and yearling females, and 0.16 (SE = 0.07) 
for yearling males. Hunting mortality was 0.04 (SE = 0.10) for adult females, 0.72 (SE = 0.12) for adult males, 
0.12 (SE = 0.09) for yearling females, and 0.47 (SE = 0.10) for yearling males. Hunting mortality was higher 
among males in both age classes (P < 0.01) though nonhunting mortality was equivalent (P 

- 
0.05). Seasonal 

mortality rates of males and females differed during the fall (P < 0.001), coincident with Michigan's hunting 
seasons. Hunting mortality was significantly higher for yearling and adult males due to hunting regulations that 
limited harvest of antlerless deer; consequently, adult sex ratios were skewed towards females. 

J. WILDL. MANAGE. 61(3):903-910 

Key words: age-specific, age-structure, harvest management, hunting, Michigan, mortality, Odocoileus vir- 
ginianus, seasonal, sex-specific, survival, white-tailed deer. 

A major difficulty in the analysis of wildlife 
population dynamics lies in obtaining useful es- 
timates of survival (Eberhardt 1985), and these 
estimates are rare in vertebrate literature (Gail- 
lard et al. 1993). The challenge for managers 
and researchers is that much of the available 
data on survival depends on uncertain inference 

based on age-structure data (Caughley 1977, 
McCullough 1979, Eberhardt 1985). 

In ungulates, rates of nonhunting mortality 
commonly are higher for males due in part to 
the physiological demands of larger body size 
and behaviors related to the establishment of 
male dominance patterns during the breeding 
season (Clutton-Brock et al. 1982, Gaillard et 
al. 1993, Owen-Smith 1993). Hunting mortality 
frequently is higher among males as well due to 
hunter preference for male traits (larger horns, 
antlers, larger body size) and regulations that 
restrict harvest of females (Dusek et al. 1989, 
Nixon et al. 1991). Depending on the degree to 

I Present address: Illinois Natural History Survey, 
607 East Peabody Drive, Champaign IL 61820-6970, 
USA. 

2 Present address: Boise Cascade Corporation, One 
Jefferson Square, P.O. Box 50, Boise, ID 83728-0001, 
USA. 
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