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RESTRACT

Forage preference indices for Waterton Canyon Dighorn sheep were
calculated 2 ways by adjusting the forage availabflity cata. Availsbilit
data from field measurements were (1) weighted by the proportional area o
each habitat type 1n which each forage species occurred, to vield estimates
of avallabllity throughout the canyon (single-weighted); and (2) this
avallability flgure was Further adjusted for the proportions of times
foraging bighorns were obsarved in each habitat type (double-welighted).
With the latter adjustment, prefersnces for forage species occurring in
"nreferred” hablitats decreased and preferences for species in "avoided"
habitats increased. Adjusting awllsﬂ:lllty cata for foraging-site
selection may give a more realistic measure of forage avallablility.

INTRODLCTION

Mary factors influesnce forage selection and forage preference by wild
animals. Consequently, several methods for calculating and analyzing data
on animal forage preference have been proposed (Krueger 1572, Neu et al.
1974, Petrides 1575, Ellls et al. 1976, Johnson l'BEE, Hobbs and Bowoen
1982). The simplest preference index ii. a megsure of the percent use of an
ltem in proportion to the percent avallabllity of the item. In food hablts
studles this ls percent of a plant specles In the total diet divided by
percent of the plant species i{n the total avallable forage. A preference
index greater than 1 indicates the forage specles is more freguent In the
diet than in the habitat and hence "preferred" (Petrides 1975). A
preference Index less than 1 indicates the forapge species 15 less freouent
in the dist than in the habitat and hence "avoided,® or at least not sought
after. More complex ratios (Krueper 1972) or ranking methods (Johnson
1980) may be used to develop preference indices and single data sets can
yield different results with different methods.
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For most forage preference indices, it is assumed that all vegetation
iz *avallable* forape to the herblvere, when in fact behavioral adaptations
and other factors may preclude use of much "avallable®™ forage. This may be
particularly true of wild sheen, which are seldom observed far from sscape
terrain (Flook 1962, Oldemeyer 1965, Capp 1967).

Selectinn of foraglng sltes by wildlife may be influenced by community
structure as much as by avallability of forage resources. Wikeem and Pitt
(1579) felt that a high utilization of rough fescue (Festucs scabrella) by
California bighorns (Ovis canadensis californiana) In August was due to the
presence of rough fescue only in the understory of ponderosa pire (Plnus

ondernsa) where bighorns sought shade. Thompson (1965) found the most
%’ﬁi food of coptive wild voles (Microtus pennsylvanicus) was white
clover (Trifolium repens). However, in the wild, voles mace very little
ugs of white clover sites because these araas were characterlzed by wvery
little surface litter and hence subjected voles to Increased risks of
predation and adverse temperatures. Hablitat selectlion by Rocky Mountaln
bighorns (0. ¢. canadensis) in waterton Canyon, Colorado was affected by
visibility as bighorns selected habitats with more open vegetation
{(Risenhoover 1981).

If mnerbivares select foraping habltats for characteristics other than
their forage resources, forage in nonselected habltats Is unavallable to
the anlmals. Consequently, only forages In habltats used as foraping sites
should be consldered as "avallable" when calculating forage preference
Indices. Furthermore, some foraging habitats may be used relatlively moze
freguently than other habitats. Forages in the more freguently used
habitats are therefore more avallable to the animals than sre Fotages In
the less frequently used habitats., If data on relative use of foraging
habltaks sre cbtaired, dats on forage resources In those hablitats may be
adjusted to reflect habitat selection when estimating forage availability
for yse In calculating forage preference Indices, This paper describes a
method For using data on habitat selection to adjust data on faorage
apundance to reflect telative forage availability.

METHODS

Data were collected in Weterton Canyon, Colorado durlng 16 April - 15
October 1980-81, hereafter referred to as “summer". Bighorn sheep pellet
groups wers collected bimonthly during 15 June - 15 October 1980 and during
15 April - 30 August 198l1. Two pellets from each group were pooled Into
esch bimonthly sample. Food habits data were nrbtalned by microhistological
analyses of feces at the Composition Analysis Laboratory, Colorado State
University (Sparks and Melechek 1948).

Forage availablility data were collected during July-fAugust 1981l.
Avallability was measured as plant cencpy-coverage using a modification of
the technigue described by Daubermire (1959). Transects were placed in 5
habitat types (Teble 1). Forty 0.1-m2 (20x50 om) frames were established
at 1 m Intervals on alternating sides of a stretched 40 m tape in each
transect.
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Relative use of foraging habltats by bighorns was determinen during
summer of 1980-B1. all observations of foraging bichorns were extracted
from habitat preference data of Risenhoover (1981), Simmons (1982),
Rominger (1983) and Dale (pers. comm.).

Summer forage preference Indices were calculated by 2 methods for
comparison (Flgure l). Percent canopy-cover Tor each forage speclies was
flrst weighted (slngle-weighted) by the proportion of study ares (Table 1)
for each habitat type in which & forage species occurred. This provided an
estimate of percent composition by forage speclas for the entire bighorn
range. For the second method (Figure 1) the above estimate was welghted
again (double-welighted) by the proportion of time foraging bighorns were
ul;sarw-d in each habltat type In which the plant specles occurred. (Table
2},

REILTS

Forty-eight plant species or genera (identification to species iz not
always possible with microhistologicsl analyses of feces) occurred in the
summer diet of Watertom bighorns. Eighty-five plant species occurred In
the 920 established Daubermire frames and 339 observations of foraging
bighorns occurred In the 5 habltat types messured for forage availability.

Only & species comprised 1 percent or more of the summer diet (Table
3). These & species represented 94 percent of the bighorn summer diet.
Only 9 species comprised 1 percent or more of the total plant canopy-cover
in Waterton Canyon. These 9 species represented %0 percent of the
avallable summer follage.

Forage preference Indices are presented {n Teble % for the & species
that comprised at lsast 1 percent of the summer diet. Species occurring in
"preferred” habitat types, true mountalnmahogany (Cercocarpus montanus),
needle-and-thread (Stipa comata), and sand drops Tooolus
cryptandrus), all had high preference Indices when thelr avallabilities
were single-weightad by habitat-type avallability (Table 5). Species
occurring in the "avoided® habitats, Gambel oak (Quercus 111}, and
most sedges (Carex spp.), had low preference indices when ava ilities
were single-welghted. Adjustment of forspe avallabilities for observations
of foraging bighorn habitat selection altered the forage availabillty
figures (Table 4) and therefore the preference Indices (Table 5). The
preference index for true mountainmahogany declined from 14 to 3, for
needle-and-thread it declined from 3 to 0.7, and for sand dropseed 1t
declined from 6 to 2. Preference indices for Gambel cak and sedges
increased: from 0.4 to 0.7 and from 0.1 to 0.3, respectively. Flannel
mullein (verbascum thapsus) had a preference index of 25, based on

av , Bnd & ference Index of 5,
daileveithtad avaltantiiey: “Flamel millein occurred oh oaly 1 transect
In mountaln shrub habitat. Flannel mullein is a biennial that tends to
grow on disturbed sites that were not measured in waterton Canyon. This
probably coused the high preference Indices In both weightings and flannel
mullein may not be as actively selected as the data suggest.




Table 1. Normallzed® percent-avallabllity of habitat types and numbers of
transects sampled for available forage In Waterton Canyon.

Avallable NO. TTANSECLs

Habitat Type Area (%) Sampled
Grassy Opening 2 -
Open Mt. Shrub 4 A
Mountain Shrub 11 g
Conifer 41 Z
=k a2 3

Total 100 23

BThege habitat types comprised 54.7% of the Waterton Canyon study area.

Table 2. Relative use of foraging habitats by Watarton Canyon bighorn
sheep, 16 April - 15 October, 1%80-8l.

Foraging
Habltat Type bservations (%)
Grassy Opening 2
Open Mt. Shnub 23
Mountain Shrub 80
Conifer 8
ak [

Table 3. Plant species comprising at least 1% of the summer dist and thelr
relative avallabilities on Waterton Canyon bighorn summer range,
16 April - 15 October, 1780-81.

Species Diet (X) Availsbility (%)
Mountalnmahogany 70 3
Gambel oak 17 4]
Sedges 3 23

Sand dropseed 2 trd
Meadle-and-thread 1 tr
Great mullein 1 tr

8tr =< 1%
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Table 4. Bvailabilities of selected forage species In Waterton Canyon: &
comparison of avallabilities weighted by habitat composition
(single-weignted) vs. availabllities weighted by habitat

composition and by bighorn foraging site selection during summer

(double-weighted).

Relative Forage AvallabITIty (%)
Specles SIngle-welghted DoubTe-welghted
Cambel COak 4l 23
Sedoes 23 12
Mountalinmahogany 5 23
Hepdle-and-thread 0.5 2
Sand dropseed 0.3 0.8
Great mullein tra tr

Btr= £1%

Table 5. Preference indices for selected forage species In Waterton Canyon:
a comparison aof preferences when !'nro?! avallabilities are
welghted by habltat composition (single-weighted) vs. when forage
availapilities are weighted by habitat composition ang by bighorn
foraglng site selection during summer (double-welphted).

Preference Inoex
Hﬁfﬁf{"&'ﬂ' Double-welghted

Species Avallabilities Availabilities
Gambel Oak 0.8 0.7
Sedges 0.1 0.3
Mountalnmahogany 14 3
Meedle-and-thread k. 0.7

Sand dropseed & 2

Great mullein 25 5
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DISCUSSION

In the above example, forage preference indices were altered by
adjusting availability data for foraging-habitat selection by bighorns,
Although the rankings of preference values did not change (Table 5), such
rankings could change in other situations. Furthermore, for some purposes
such as computer-simulating of graring systems (Cooperrider and Bailey
19g1), it may be desirable to separate habitat selection from forage
selectlion. This may be accomplished using forsge preference Indices based
on double-welghted estimates of forage avalilablilities.

Single-weighted by habltat availability, true mountalrmahogany
represented only 5 percent of the total avallable forage in Waterton
Canyon. Using this availability figure produced a preference index of 14
for mountalnmshogany. However, durlng summer &0 percent of ochservations of
foraging bighomns occurred in the mountaln shrub type wherein
mountalnmahogany comprised 48 percent of the available forage. This
habltat type offered good escape terraln and was near the only source of
water avallable to Waterton bighorns in summer. If selectlon of the
mountaln shrub type was not entlrely because It contalned mountalnmahogany
forage, but partly beceuse of escape terrain and avallability of water, the
preferance factor of la overrates the attractivensss of mountalnmahogany.
Double-weighting the forage availability figure to account for habitat
selection reduced the preference lndex for mountalnmahogany to 3. We
suspect this is more realistic when compared to other preference indicas
based on double-weighting in Table 5.

By contrast, single-weighted by habitat availability, Gambel oak
represanted 41 percent of the tntu{ forage In Waterton Canyon. Use of this
figure produced a preference index of 0.4. Much of the osk forage In
Waterton Canyon occurs in vegetation avolded by bighorns because it is
physically impenetrable and also because visibility is poor in the oak
type. Thus its availability as forage was overrated in single-weighted
calculations. FT;E: short mrimflré:pring. ur-gi'n Erfart-al odk leaves were

oung, oak compr 73 percent o bigharn . Conseéquently the
{arngfr preference index of 0.7, obtained when availability of m:yu
calculated using bighorn foraging site selection (double-weighting) seems
more realistic than does the lower Index of 0.4.

Selection of foraging habitat by a herbivore may be largely a function
of the abundance of preferred forages In the habitat., When evidence
suggests this is true, the double-weighting of forage availability data, as
suggested here, will be unnecessary for caleulating forage-preference
indices. However, If evidence suggests that selection of foraging habitat
is based on factors other than the abundance of preferred forages,
biologists should consider adjusting forage avallability data ﬁsamnt
for habitat selectlon.
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