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The efficacy of using fecal crude protein (FCP) from white-tailed deer
(Odocoileus virgianus) to rank the quality of five wintering areas in
central Maine, U.S.A. was tested by comparisons with browsing inten-
sity on northern white cedar (Thuja occidentalis). FCP averaged 7.6%
on low quality areas, 8.8%% on areas of moderate quality, and 10.4%
on high quality ranges. Measures of browsing intensity including stem
diameter at point of browsing, leader lengths of new growth, and
percent of new growth removed did not differ significantly with ran-
kings obtained from FCP. FCP provided a time and cost-efficient
method of ranking the nutritional status of free-ranging deer on winter
ranges.

[Center of Environmental Sciences, Unity College, Unity, Maine, USA
04988]

1. INTRODUCTION

Browse surveys of white-tailed deer (Odocoileus wvirginianus) winter
range traditionally have been used to appraise habitat quality (Aldous,
1944; Bramble & Goddard, 1953; Dickinson, 1978; Hout, 1974; Moore

1 Present address: Department of Forestry and Range Management, Washington
State University, Pullman, WA, USA 99164.

? Present address: Department of Biology, Fisheries and Wildlife and Institute
of Arctic Biology, 211 Irving Building, Univ. of Alaska, Fairbanks AK, 99775-1780,
USA.



348 Hodgman T. P. & Bowyer R. T.

& Johnson, 1967; Stiteler & Shaw, 1966; Theberge, 1978; Wetzel et al.
1975). Subjective measures of range condition, however, are open to
criticism (Dasmann, 1948; Martin, 1970), and quantitative methods of
assessing the intensity of browsing often are tedious and time-consum-
ing (Aldous, 1944; Crete, 1976; Lyon, 1970; Moore & Johnson, 1967;
Stiteler & Shaw, 1966; Telfer, 1969).

Fecal nitrogen (FN) recently has been suggested as a means of de-
termining dietary quality for free-ranging ruminants (Kie & Burton,
1984; Leslie & Starkey, 1985; Mubanga et al.,, 1985; Wehause 1980).
Whether FN and quantitative measures of browsing provide correspond-
ing indices to the quality of winter forage, however, is uncertain.
This study compared fecal crude protein (FCP=FNX6.25) with two
measures of browsing intensity on 5 white-tailed deer wintering areas
in central Maine.

2. METHODS

Five deer wintering areas near Unity, Waldo County, Maine, U.S.A. were
selected as study sites (Area A=44°36'N, 69°23'W; Area B=44°36'N, 69°20'W;
Area C=44°37N, 69°16'W; Area D=44°35N, 69°17TW; Area E=44°3¢'N,
69° 20'W). These areas ranged from 76—152 m in elevation and encompassed from
0.8—3.0 km?2 Soils, predominantly silty loams, were similar for the wintering
areas. All areas included swamps or riparian zones, and were adjacent to agri-
cultural fields, primarily hay and corn. Study areas were heavily forested with
dense coniferous overstories; common trees included balsam fir (Abies balsamea),
white pine (Pinus strobus), white spruce (Picea glauca), northern white cedar
(Thuja occidentalis), and trembling aspen (Populus tremuloides).

Winters are long and sometimes severe with an average temperature of —7°C,
falling on occasion to —35°C; snowfall averages 250 cm. Winter conditions during
1984—1985 were mild with a prevalent January thaw.

Twenty fresh groups of deer feces were collected along randomly located transects
in each of the five wintering areas from early to mid-April, 1985. This period was
selected because browse still predominated in the diet of deer, and marked in-
creases in FCP do not occur until May in central Maine (Bowyer, unpubl. data).
Fecal groups were stored frozen until they were placed in a 50°C drying oven
for six days. Three groups that developed fungal growths were discarded; the
remaining 97 fecal groups were ground with an all-purpose mill and sifted
through a 40-mesh (0.425 mm) screen. Subsamples of feces from each group then
were subjected to standardized micro-Kjeldahl procedures for determination of
crude protein (Horwitz, 1975). Diets high in protein-complexing phenolics may
lead to problems in using FCP as an index to diet quality (Mould and Robbins,
1981). Leslie and Starkey (1985), however, suggested that the effects of these
substances on FCP may be lessened for cervids feeding on diverse diets. Further,
the effects of phenolics on FCP would be similar for the study areas.

Northern white cedar is an important winter forage for deer (Aldous, 1841;
Banasiak, 1961; Verme, 1965). Indeed, Mattfeld (1984) reported that northern
white cedar provided ideal food and cover for wintering deer in the northeastern
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United States. Because this species was both abundant and heavily utilized on all
five study areas, it was selected to index the intensity of deer browsing.

Sampling of cedar followed methods described by Wetzel et al. (1975), except
that two randomly located transects, each 175 m in length, were used to locate
deer trails on each of the study areas. Each deer trail encountered was followed
for 50 m in both directions, and all cedars within 0.5 m of the trail were examined
for signs of browsing. A sample of leaders of new growth from 1.2—1.8 m above
the ground was clipped from each tree, labeled, and returned to the laboratory
for measurement. Sampling leaders within this range of heights assured that
browse was within the reach of deer, but above that of snowshoe hare (Lepus
americanus) (Hodgman & Bowyer, 1985).

Diameters of browsed twigs and leader lengths have been used widely to
assess browsing (Basile & Hutchings, 1966; Lyon, 1970; Telfer 1969). We measured
minimum diameter at point of browsing (DPB) with vernier calipers to the
nearest 0.1 mm; the flatness of cedar stems made other standardized measures of
diameter difficult. Leader lengths were measured to the nearest 1.0 mm from
the most proximal new growth on a branch to the apex of the terminal bud for
unbrowsed stems, or to the point of browsing for utilized stems; percent of
leader removed was calculated from these data. Adequate sample sizes for DPB
and lengths of browsed and unbrowsed leaders were determined for each area
by stabilizing the means (Kershaw 1964). Statistical analyses were performed using
the Mann-Whitney U — test, Kruskal-Wallis one-way analysis of variance, and
Friedman two-way analysis of variance (Siegel, 1956).

3. RESULTS

Mann-Whitney U — tests indicated that diet quality, as indexed by
FCP, did not differ significantly (p>0.10) between wintering areas A
(7.4%) and B (7.9%), or C (8.4%) and D (9.2%). Thus, these areas were

Table 1

Fecal crude protein (FCP) for white-tailed deer
wintering areas in April, 1985, Waldo County,

Maine, USA.
% FCP
Quality of diet N b4 : SD Range
Low 39 7.6 i 4.2—9.8
Moderate 39 8.8 1.9 5.2—12.8
High 19 10.4 2.3 5.8—15.1
All 97 8.6 2.1 4.2—15.1

combined and categorized as low quality (areas A and B), moderate
quality (areas C and D), and high quality (area E) (Table 1). A Kruskal-
-Wallis one-way analysis of variance showed a highly significant
(p<<0.001) difference among these three classes representing the quality
of diet on wintering areas for white-tailed deer.

Vegetative characteristics reflecting habitat quality also were com-
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pared with the three categories of wintering areas delineated by FCP.
A Kruskal-Wallis one-way analysis of variance indicated DPB for
northern white cedar increased significantly (p<<0.02) as forage quality
on wintering areas declined (Table 2). Further, length of unbrowsed
leaders increased significantly (p<<0.001). with increasing quality of
habitat (Table 3). A significant difference (p<<0.05) also occurred among
areas for the length of leaders browsed by white-tailed deer; however,
remaining leader length was less on moderate than low-quality areas
(Table 3).

Table 2

Stem diameter (mm) at point of browsing

(DPB) for utilized northern white cedar on

white-tailed deer wintering areas in April
1985, Waldo County, Maine, USA.

Quality of dieta N X SD Range
Low 325 14 0.5 0.5—3.8
Moderate 235 13 0.5 0.5—4.0
High 105 1.2 0.4 0.3—2.0
All 665 1.3 0.5 0.3—4.0

& Based on FCP.

Table 3

Leader lengths (mm) of browsed and unbrowsed new growth for northern white
cedar on white-tailed deer wintering areas in April 1985, Waldo County, Maine,

USA.
Quality of Unbrowsed leaders Browsed leaders % leader
diet a N X 5D Range N X SD Range removed
Low 342 672 200 20—129 298 43 96 0—92 93.6
Moderate 330 729 243 16—151 472 3.4 8.7 0—76 95.3
High 124 826 243 9—172 130 107 133 0—66 87.1

All 796 720 231 9—172 900 47 101 092 93.5

a Based on FCP.

The utility of FCP as an index to the quality of deer habitat was
tested by comparing how it ranked wintering areas with rankings ob-
tained using measures of the intensity with which deer foraged on
northern white cedar. A Friedman two-way analysis of variance showed
no significant (p>>0.30) difference in rankings of wintering areas among
FCP, DPB, and percent of leader removed. :
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4. DISCUSSION

"A significant difference in FCP among three classes of wintering areas

suggests deer ingested forages of differential quality. Differences in the
quality of forages consumed are known to vary with deer density (Kie
et al., 1980). High deer density relative to the carrying capacity of the
habitat can reduce the quality of foods eaten because of intense intra-
specific competition for limited forages (McCullough, 1979). It is unlikely
that differences in FCP among areas resulted from wvariation in the
quality of soils. Soils were similar on all areas, and McCullough (1979)
has documented that whlte-talled deer populations can increase rapldly
even in areas with poor soils.

- Reliable estimates of browsing intensity have been obtained by mea-
suring DPB (Crete & Bedard, 1975; Crete, 1976; Lyon, 1970; Peek
et al., 1971). Wetzel et al. (1975) reported diameters of browsed stems
were greatest in areas of most intense foraging. Bailey (1967) noted
decreasing crude protein values with increasing distance from the apex
of twigs. Our data show a significant increase in DPB for those areas
with the lowest FCP eoncentrations. 5 1

The lengths of unbrowsed leaders were significantly longer in the
areas of highest forage- quality. Unbrowsed leaders of new growth may
have grown from stems browsed in previous years, giving new growth
t “hedged” appearance typical of overbrowsed ranges. A significant
difference also occurred among the lengths of browsed leaders for the
areas, although the shortest browsed leaders occurred in the area of
moderate forage quality.

Our results support the claim that FN or FCP can be a useful index
to dietary quality (Arman et al., 1975; Kie & Burton, 1984; Leslie &
Starkey, 1985; Mubanga' et al., 1985; Renecker & Hudson, 1985; We-
hausen 1980); rankings of wintering area quality by FCP, DPB and per-
cent removal of cedar leaders did not differ significantly.

The occurrence of low FCP in areas of highest population density is
likely; this relationship for ruminal crude protein was documented
by Kie et al. (1980). Other indirect evidence suggests FCP may be
a reliable indicator of population size relative to carrying capacity, Fecal
groups (N=21) collected on area A in April 1983 following a mild
winter (similar to that of 1985) averaged 13% FCP (Bowyer, unpubl.
data); this value differed significantly (p<<0.001) from 7.4% FCP in
April 1985. This difference in FCP may have resulted from a change
in hunting regulations that substantially lowered the kill and mcreased
deer population density.

FCP provides a less time-consuming and more cost effective method
than browse surveys for ranking the nutritional status of ruminants
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on different wintering areas. We conclude FCP is a valuable tool for
managing free-ranging populations of wild ruminants.
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A Method for Determining Optimum Distance Between Traps
on Line Transects

METODA OKRESLANIA OPTYMALNEJ ODLEGLOSCI MIEDZY PULAPKAMI W LINIT
S. E. BRAUN HILL & Daniel F. WILLIAMS

Braun Hill S. E. & Williams D. F., 1986: A method for determining
optimum distance between traps on line transects. Acta theriol, 31,
26: 353—358.

Line transects are often the choice of trap layout for studies of
species composition and relative abundance within communities of
small mammals. We present a method for determining the optimum
distance between traps on lines that will yield a uniform sampling
area for each trap and thus maximize catch per effort. The method
relies on finding the minimum intertrap distance at which captures
are equal in both inner and end traps of short lines. We tested the
method in two conifer forest communities of the Sierra Nevada of Ca-
lifornia. Ten 4-trap lines each of 10-m, 15-m, and 20-m spacing were
deployed. The optimum intertrap distarce in these communities was
15 m. The method described can be used to determine the optimum
distance between traps for other types of studies in other communities.

[Dept. of Ecology and Behavioral Biology, University of Minnesota,
Minneapolis, Minnesota 55455 USA; & Dept. of Biological Sciences, Ca-
lifornia State University, Stanislaus, Turlock, California 95380 USA]

There is a continuing need for reliable estimates of the diversity and
relative abundance of small mammals in various plant communities.
This need is most apparent in studies to determine the effects of man-
agement practices and to estimate the effects of proposed environmental
modifications. Problems arise when designing experiments, to collect
the needed data. Chief among these is the method of sampling. Trapping
is often the only practical methed for determining relative abundance
and population structure of most species of small mammals. The type
of trap and bait uced, the configuration of traps in space, the distance
between traps, and the timing and duration of trapping all affect the
numbers and kinds of mammals caught. The best trapping design is one
that will yield the most accurate information with the least expendi-
ture of time and effcrt. :

Several studies on the relative effectiveness of different traps have
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