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OVERLAP IN WINTER DIETS OF SYMPATRIC MOOSE AND
WHITE-TAILED DEER IN MAINE

Hepi A. LubewiG AND R. TERRY BOWYER

Center of Environmental Sciences, Unity College, Unity, ME 04988

Food habits of moose (Alces alces) (Belovsky, 1981; Joyal, 1976; Oldenmeyer, 1974; Peek et al., 1976;
Peterson, 1955) and white-tailed deer (Odocoileus virginianus) (Banasiak, 1961; Crawford, 1982; Huot,
1974) are well-documented. However, these species tend not to concentrate in the same areas during winter
(Irwin, 1975; Telfer, 1970, 1972); thus, information on their diets in zones of overlap are sparse. The purpose
of this study was to quantify the winter diets of sympatric populations of moose and white-tailed deer.

Research was conducted in Baxter State Park, Piscataquis Co., Maine (45°50'N, 68°54'W) at an elevation
of 244 m in a 6 km? area along Roaring Brook Road in the southern portion of the park. Vegetation was a
softwood-hardwood mix; balsam fir (Abies balsamea) is the dominant species. Aspen (Populus spp.) and
beech (Fagus grandifolia) were more common at higher elevations. Other abundant species included moose-
wood (Viburnum alnifolium), striped and mountain maple (Acer pensylvanicum and A. spicatum), white
spruce (Picea glauca), and white pine (Pinus strobus).

Moose and white-tailed deer feces were collected from January-March 1984 in an area where both
herbivores occurred. Thirty fecal groups each for moose and deer were frozen and stored separately until
ready for laboratory preparation. Feces were then oven dried at 50°C for 24 h and ground with an all-
purpose mill. Particle size was standardized by sifting fragments through a 40-mesh (0.5 mm) screen and
then rinsing sifted feces through a nylon stocking with tap water. The residue was simmered in hot water
with detergent for 1 h. Samples were rinsed through a stocking again and placed in 5% sodium hypochlorite
for 24 h. Samples were rinsed with tapwater and stored in 70% methanol prior to mounting; fecal fragments
from each pellet group were spread evenly over one slide and mounted in glycerin jelly. On each slide six
microscope fields, 5 cm in length, were examined at 100x. Plant fragments were identified by comparison
with a reference collection. A mean of 187 plant fragments (SD = 80) were identified for each of 60 slides.
Percent relative frequency was determined from the number of fragments for a particular species relative
to the total number of fragments identified.

Microhistological examination of plant epidermis recovered from herbivore feces has been used widely
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TABLE 1.—Percent relative frequency of plant species in winter diets of sympatric moose and white-
tailed deer in Baxter State Park, Piscataquis Co., Maine, during January-March 1984 determined from
30 fecal groups for each ungulate.

Moose White-tailed deer

Plant species X SE Range X SE Range
Abies balsamea 70.5 1.7 51.6-88.4 14.6 23 0.0-43.1
Acer negundo 0.3 0.2 0.0-2.9 1.7 0.3 0.0-5.8
Crategeous sp. 9.3 13 0.0-23.9 17.3 3.3 1.0-67.7
Fagus grandifolia 11.4 1.2 0.0-26.8 17.9 0.8 0.0-21.7
Hamamelis virginiana 0.0 0.0 0.0 0.6 0.3 0.0-7.0
Juniperus communis 0.0 0.0 0.0 0.2 0.2 0.0-4.5
Larix laricina 0.0 0.0 0.0 385 0.8 0.0-17.1
Ostrya virginiana 0.0 0.0 0.0 0.1 0.1 0.0-2.5
Picea glauca 2.2 0.5 0.0-11.8 34.6 2.6 9.7-63.9
Pinus strobus 0.0 0.0 0.0 2.2 0.4 0.0-9.4
Populus balsamifera 0.0 0.0 0.0 0.3 0.1 0.0-1.9
Populus grandidentata 2.4 12 0.0-24.0 0.0 0.0 0.0
Populus tremuloides 01 <0.1 0.0-0.7 0.0 0.0 0.0
Rhus radicans 3.0 0.6 0.0-15.7 6.6 0.9 1.3-25.1
Rubus idaeus 0.0 0.0 0.0 0.1 <0.1 0.0-1.6
Thusa occidentalis 0.1 0.1 0.0-1.6 0.0 0.0 0.0
Tsuga canadensis 0.1 0.1 0.0-1.5 0.0 0.0 0.0
Viburnum alnifolium <0.1 <01 0.0-0.8 0.0 0.0 0.0

in studies of food habits (Holechek et al., 1982). Anthony and Smith (1974) noted that 15 samples were
sufficient to describe seasonal food habits of deer. Problems in analysis have arisen with this technique in
comparing forage classes with differential digestibilities (Fitzgerald and Waddington, 1979; Gill et al., 1983;
Mclnnis et al., 1983); this source of bias was minimized in our study because winter diets of moose and
white-tailed deer were composed largely of browse species with similar digestibilities (Mautz et al., 1976).
A two-sample Z-test for proportions (Remington and Schork, 1970) was used to test for differences in the
food habits of moose and white-tailed deer.

Moose ingested 11 species and white-tailed deer 13 species of browse during winter; 7 species of trees
and shrubs were common to the diets of both herbivores (Table 1). Sorenson’s similarity coefficient (Greig-
Smith, 1964) of 50.0% indicated some overlap in winter diets of these mammals. However, this procedure
considered only the number of species consumed and did not evaluate differences in the frequency with
which species were eaten. Thus, Schoener’s (1968) overlap value also was calculated and indicated a 41.2%
similarity in diets.

Moose consumed 72.9% conifers and white-tailed deer 55.1%, but this difference was not significant (Z =
1.46, P > 0.14). Pair-comparisons of all food items in the diets of moose and white-tailed deer (Table 1)
showed significant differences only in the greater use of balsam fir by moose (Z = 5.32, P < 0.001) and the
greater consumption of white spruce (Z = 3.72, P < 0.001) by white-tailed deer.

Differences in requirements for winter cover contributed to variation in diets of moose and white-tailed
deer in boreal forests. Deer wintering areas often include cedar swamps, white spruce forests, and stands of
large hemlocks (Crawford, 1982; Rounds, 1981), whereas moose tend to favor areas with abundant balsam
fir (Kearney and Gilbert, 1976; Rounds, 1981).

Nudds (1980) argued that availability of forage species in deer wintering areas may be more important
in determining diet selection than the nutritional content of the food. Apparently low availability of white
cedar and eastern hemlock in the local areas of herbivore overlap may explain the absence of these foods
in the diet of white-tailed deer (Table 1); these species are important winter forages for deer in other
regions of Maine (Banasiak, 1961; Crawford, 1982).

Peterson (1955) suggested that competiton for winter browse between moose and white-tailed deer should
be intense because allopatric populations of these ungulates consumed similar forages. Balsam fir is important
winter forage for moose (Joyal, 1976; Peterson, 1955; Prescott, 1974; Rounds, 1981) but is considered a
starvation diet for white-tailed deer (Banasiak, 1961; Peterson, 1955). Although some dietary overlap oc-
curred, significant differences in the use of balsam fir and white spruce during winter occurred for sympatric
populations of these herbivores in Maine.

We thank I. C. Caverly, Jr. for granting permission to conduct research in Baxter State Park and for



392 JOURNAL OF MAMMALOGY Vol. 66, No. 2

arranging for the housing of field personnel. We also acknowledge the assistance of R. A. Clark for collecting
moose and deer feces. Funding for this study was provided, in part, by the Penobscot County Conservation
Association, and the Maine Department of Inland Fisheries and Wildlife through PR Proj. W-67-R-III-75.
We thank R. E. Barry, Jr. for editing the manuscript.

LiteRATURE CITED

ANTHONY, R. G,, aND N. S. SmitH.  1974. Compar-
ison of rumen and fecal analysis to describe deer
diets. J. Wildl. Mgmt., 38:535-540.

Banasiak, C. F. 1961. Deer in Maine. Bull. Maine
Dept. Inland Fish. and Wildl. Game, 6:1-159.
BeLovsky, G. E. 1981. Food plant selection by a
generalist herbivore: the moose. Ecology, 62:1020-

1030.

CRrAWFORD, H. S. 1982. Seasonal food selection and
digestibility by tame white-tailed deer in central
Maine. J. Wildl. Mgmt., 46:974-982.

FitzGeRALD, A. E., aND D. C. WaDDINGTON. 1979.
Comparison of two methods of fecal analysis of
herbivore diet. J. Wildl. Mgmt. 43:468-473.

GiLL, R. B, L. H. CARPENTER, R. M. BARTMANN, D.
L. BAkeR, AND G. G. ScHOONVELD. 1983. Fecal
analysis to estimate mule deer diets. J. Wildl.
Mgmt., 47:902-915.

GREIG-SMITH, P. 1964. Quantitative plant ecology.
Butterworths, London, 265 pp.

Huor, J. 1974. Winter habitat of white-tailed deer
at Thirty-one Mile Lake, Quebec. Canadian Field-
Nat., 88:293-301.

HoOLECHEK, J. L., B. Gross, aND R. D. PiepEr. 1982.
Botanical composition determination of range
herbivore diets: a review. J. Range Mgmt., 35:
309-315.

Irwin, L. L. 1975. Deer-moose relationships in a
burn in North-Eastern Minnesota. J. Wild. Mgmt.,
39:653-662.

JovaL, R. 1976. Winter foods of moose in La Ver-
endrye Park, Quebec: an evaluation of two browse
survey methods. Canadian J. Zool. 54:1764-1770.

KEARNEY, S. R, AND F. F. GiLBERT. 1976. Habitat
use by white-tailed deer and moose on sympatric
range. J. Wildl. Mgmt., 40:645-657.

McInnis, M. L., M. Vavra, anp W. C. KRUEGER.

1983. A comparison of four methods used to de-
termine the diets of large herbivores. J. Range
Mgmt., 36:302-306.

Mautz, W. M., H. SILVER, J. B. HoLTER, H. H. HAYES,
anD W. E. Ursan, Jr. 1976. Digestibility and
related nutritional data for seven northern deer
browse species. J. Wildl. Mgmt., 40:630-638.

Nupps, T. D. 1980. Forage “preference”: theoret-
ical considerations of diet selection by deer. J.
Wildl. Mgmt., 44:735-740.

OLDENMEYER, J. L. 1974. Nutritive value of moose
forage. Nat. Canadian, 101:217-226.

PEEk, J. M., D. L. UricH, anp R. J. Mackie. 1976.
Moose habitat selection and relationships to forest
management in northeastern Minnesota. Wildl.
Monogr., 48:1-65.

PetERsoN, R. L. 1955. North American moose.
Univ. Toronto Press, Toronto, 280 pp.

Prescort, W. H. 1974. Interrelationships of moose
and deer of the genus Odocoileus. Nat. Canadian,
101:493-504.

REMINGTON, R. D., AND M. A. ScHork. 1970. Sta-
tistics with applications to the biological and health
sciences. Prentice-Hall, Englewood Cliffs, New
Jersey, 418 pp.

Rounps, R. C. 1981. First approximation of habi-
tat selectivity of ungulates on extensive winter
ranges. J. Wildl. Mgmt., 45:187-196.

ScHOENER, T. W. 1968. The anolis lizards of Bim-
ini: resource partitioning in a complex fauna.
Ecology, 49:704-726.

TEeLFER, E. S. 1970. Winter habitat selection by
moose and white-tailed deer. J. Wildl. Mgmt., 34:
553-559.

1972. Association measures applied to

moose and white-tailed deer distributions. J.

Mamm., 53:196-197.

Submitted 29 May 1984. Accepted 11 September 1984.

J. Mamm., 66(2):392-395, 1985

SCANNING BEHAVIOR OF HARBOR SEALS ON HAUL-OUT SITES

J. M. TERHUNE

Department of Biology, University of New Brunswick, P.O. Box 5050,
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Harbor seals (Phoca vitulina concolor) in the Bay of Fundy haul out onto isolated rocks or beaches near
low tide (Terhune and Almon, 1983). Near Saint John, New Brunswick, these groups were as large as 56
during 1982, but single animals were most common (14.9%, n = 457) and the frequency of observation



