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Abstract

We analyzed the habitat preferences of white-tailed deer in a
1,000 ha area in an arid region of northeastern Mexico where
drinking water is abundant throughout the year (via 33 water
troughs). Seven habitat types in the study area were identified
and characterized. Within each habitat, feeding, searching, and
bedding activities were evaluated during the reproduction,
postreproduction and fawning seasons of the annual deer cycle.
The Acacia-Celtis habitat provided the greatest amount of hiding
and thermal cover and edible food. The Prosopis habitat also
provided significant hiding and thermal cover. Hilaria and
Opuntia wer e the most open habitats. Habitat prefer ences, evalu-
ated by radiotracking 14 deer over a period of 2 years, varied
between sexes and years (P << 0.00001), but not among seasons
(P > 0.05). Male deer preferred open habitats, while females pre-
ferred more densely covered ones. Males and females avoided
Prosopis during 1996. Both sexes distributed the 3 activities more
evenly during 1996 than during 1995. In 1995, females preferred
Flourensia and Acacia-Celtis habitats for all activities, and dur-
ing 1996 males preferred Hilaria and Leucophyllum. Between
year changesin precipitation could explain the observed variabil-
ity: during 1995 rainfall was 136 mm, as compared to 276 mm in
1996. Requirements for cover increased markedly in 1995 due to
high predation and extremely dry conditions. Overall, our study
shows that under good weather conditions, habitat preferences
are best explained by variables associated with food availability,
while thermal cover is moreimportant under harsh weather con-
ditions, even when drinking water isabundant.

Key Words: Odocoileus virginianus, Northeastern zone, water
sour ces, radiotelemetry, hiding cover, thermal cover, forage.

White-tailed deer (Odocoileus virginianus) are selective for-
agers and prefer habitats with plants that meet their nutritional
requirements. Additionally, to decrease the risk of predation and
dehydration under extreme conditions, deer select habitats based
on the degree of cover (Bleich et al. 1997, Bowyer et al. 1998).
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Resumen

Analizamos las preferencias de habitat del venado cola blanca
en un area de 1,000 ha, delaregion arida del Noreste de México
donde el agua para tomar es abundante todo el afio (33
bebederos). Fueron identificados y caracterizados los siete tipos
de habitat de la zona de estudio. Dentro de cada habitat, las
actividades alimentacion, blsqueda y descanso, fueron evaluadas
durante las 3 épocas del ciclo anual del venado: reproduccion,
postreproduccion y crianza. El habitat de Acacia-Celtis tuvo los
valores mas altos de cobertura de proteccion y térmica, asi como
de alimento disponible. El habitat Prosopis tuvo valores altos de
cobertura térmica y de proteccién. Hilaria y Opuntia fueron los
habitats mas abiertos. Las preferencias de habitat, evaluadas
mediante radiotelemetria de 14 venados durante un periodo de 2
anos, variaron entre sexos y afos (P << 0.00001), pero no entre
épocas (P > 0.05). Los machos prefirieron los habitats abiertos y
las hembras los de cobertura més densa. Machos y hembras no
prefirieron la vegetacion de Prosopis durante 1996. Ambos sexos
distribuyeron de manera mas uniforme sus actividades durante
1996 en comparacion con 1995. En 1995, las hembras prefirieron
para todas sus actividades a los habitats de Flourensia y Acacia-
Cdltis, y en 1996 los machos prefirieron a Hilariay Leucophyllum.
L os cambios entre afios en la precipitacion pueden explicar la
variabilidad observada: durante 1995 la precipitacién fue de 136
mm, en comparacion con los 276 mm en 1996. L os requerimien-
tos de cobertura se incrementaron en 1995 debido a la alta
depredacion y las condiciones extremas de sequia. Nuestro estu-
dio demuestra que en condiciones ambientales buenas, las prefer-
encias de habitat son mejor explicadas por las variables rela-
cionadas con €l alimento disponible, mientras que la cobertura
térmica aumenta su importancia en condiciones ambientales
extremas, a pesar delaalta disponibilidad de agua.

When temperatures are high and water scarce, deer use habitats
with high thermal cover, which can minimize water loss (Bowyer
et a. 1998). However, Boroski and Mossman (1996) mentioned
that when water distribution is adequate, the distribution of deer
is probably determined by other factorsin their environment. The
importance of water sources for deer in arid environments (Davis
1990) and the close association between vegetation cover and the
presence of water under dry conditions, make it difficult to detect
other factors that may affect habitat preference by deer. Studies
conducted where water availability is high and constant may fur-
ther our understanding of other factors important in habitat selec-
tion by deer in arid environments.
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Habitat use in arid environments has
been studied from various perspectives:;
presence-absence by habitat, use-availabil-
ity analysis (Fox and Krausman 1994),
comparison of habitats on a usage gradi-
ent, according to structural differences
(Bowyer et al. 1998), and in the context of
management practices (Rollins et al.
1988). Beier and McCullough (1990) con-
sidered the activity of individuals and
habitat use simultaneously and found diel
shifts in habitat use by season. A study of
habitat preference in conjunction with
tracking individual animal’s behavior
would help us understand how individual
requirements can influence habitat use,
however little research has been done
from this perspective.

Several studies (Ockenfels et al. 1991,
Boroski and Mossman 1996, Rosenstock
et a. 1999) have mentioned that habitat
preference is influenced by water avail-
ability. Our goa was to characterize 7 dif-
ferent habitats and record the preferences
and activities of white-tailed deer (O. v.

texanus, Mearns 1898) by season, sex, and
year, in each habitat type on a ranch with
high water availability. With 3.4 water
sources km?, the San Francisco Ranch in
Nuevo Leon, Mexico, provided the oppor-
tunity to explore the importance of other
factors that may affect habitat use by deer
when water is abundant. We tested the fol-
lowing hypothesis: When water availabili-
ty is high, habitat preferences are deter-
mined by the availability of food and
cover provided by the vegetation. We pre-
dicted that deer prefer habitats with sparse
thermal cover but plentiful food and that
deer avoid zones with good thermal cover,
but low available food, even during the
driest periods.

Methods

Study Area

This research was carried out on the San
Francisco Ranch (27° 20' N, 100° 36' W),
property of Ducks Unlimited of Mexico,
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A.C. (DUMAC), located between the
municipalities of Lampazos, Nuevo Leon
and Progreso, Coahuila, in northeastern
Mexico (Fig.1). The ranch covers 1,500
ha, 1,000 of which are enclosed by a 2.4
meter high fence, the only purpose of
which is to keep the deer in. An intensive
water management program (3 ephemeral
streams with dams and 32 water troughs)
operate in the enclosed area: the average
distance between these water sources is
400 m (3.4 sources km?). The average ele-
vation of the area is 430 m, with a fairly
flat topography and slopes that vary
between 3 and 8°. The climate is semi-
arid, with a mean annual temperature of
21°C. On occasion, the maximum temper-
ature exceeds 40°C. Annual rainfall aver-
ages less than 400 mm (Fig. 2), with
notable variations in both monthly and
total annual rainfall. The rainy season lasts
from May to September. There are few
cattle on the ranch, approximately 20-30
head which are rotated and kept within the
fenced 1,000 ha for short periods of time.

Hilaria Grassland
Flourensia Brushland
Leucophyllum Brushland
Acacia-Castela Brushland
Prosopis Brushland

B Acacia-Celtius Brushland
0 Opuntia Brushland

t = water troughs
d = dam

Fig. 1. Location of the San Francisco Ranch, Mexico and map of vegetation associations. Classification modified from Briones (1984)
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Fig. 2. Temperature and rainfall data during 1995 and 1996 for the Venustiano Carranza dam, localized 10 km from the study area.

The deer population varies from 80 to 100
animals. Vegetation in this zone is xero-
phyllous brushland that is found in a tran-
sitional zone between 2 physiographical
provinces: the Coastal Plain of the
Northern Gulf and the North American
Great Plains (Briones 1984). The area has
a variety of species characteristic of both
provinces: cenizo (Leucophyllum frutescens
Berl. Johnst), chaparro prieto (Acacia
rigidula Benth), hojasen (Flourensia cer-
nua DC), and gobernadora (Larrea triden-
tata (DC)Cov.). Briones (1984) deter-
mined 7 types of habitats for the munici-
pality of Lampazos, Nuevo Leon, 6 of
which were found in the study area:
Hilaria grassland, Leucophyllum brush-
land, Flourensia brushland, Acacia-
Castela brushland, Prosopis brushland,
and Acacia-Celtis brushland. Additionally,
after sampling the vegetation in this zone,
we included another brushland habitat,
Opuntia.

Vegetation Characteristics

Digital maps of vegetation and water
sources on the San Francisco Ranch were
made using the ILWIS geographic infor-
mation system (ITC 1993). A map of habi-
tats based on Briones's (1984) classifica
tion, was produced by aerial photograph
interpretation (1:50,000), and field verifi-
cation, which allowed us to correct the
limits for some of the habitats.

Vegetal characteristics of each habitat
type were estimated by first randomly
establishing 400-meter-long transects,
each with 10 sampling points in the 7
habitats. In all, 17 transects were estab-
lished, and the number of transects per
habitat varied from 1 to 9, depending on
the relative area occupied by each habitat.

The first point of a transect was placed
randomly and the rest were spaced 40
meters apart. Brush species were sampled
with the point-centered quarter method
(Brower et al. 1990) at each point. For
each point the following vegetation vari-
ables were measured: richness of plant
species, height, distance from the nearest
neighbor, density, horizontal and vertical
vegetation cover. We also estimated vol-
ume of edible species, non-edible species,
and total volume.

Thermal cover or protection offers
shade which is important for ungulates
exposed to heat stress (Mysterud and
Ostbye 1999). We used the horizontal
cover of brush (the horizontal area of plant
foliage) as an estimate of thermal cover,
and this was calculated by measuring 2
right angle diameters for each shrub and
assuming the shape of an ellipse for the
canopy.

Vertical cover was used as an indicator
of hiding cover, which may benefit deer
by reducing the possibility of detection
and hence predation (Mysterud and
Ostbye 1999). Hiding cover was estimated
using a cover pole following the method
described by Griffith and Youtie (1988).
We used a 0.10 m x 2 m hardwood cover
pole, with 4 horizontal divisions of 50 cm
as strata labeled: 0-50 cm, 51-100 cm,
101-150 cm and 151-200 cm. Each stra-
tum was painted with 5 alternating 0.1 m
black and white bands. The cover pole
was placed 15 m away from and perpen-
dicular to each sampling point on the tran-
sect. From this position, 2 readings (1 on
each side) were taken at each sampling
point. Hiding cover estimates were calcu-
lated as the percentage of the pole con-
cealed by vegetation at each stratum. Each
painted band was equivalent to 20% cover.
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For these readings, a painted band was
considered “covered” when at least 25%
was obscured by vegetation. Average
cover was obtained for each stratum as
well asthe total for each transect.

We calculated the total volume of each
bush per transect assuming an approximat-
ed shape of an inverted cone. This value
was used as an indicator of the biomass
potentially available to deer. Although
these values could be overestimated, espe-
cially for individuals of the Opuntia
genus, we considered the bias would be
constant among habitats. In addition, the
volume of the most edibles species was
determined as well as the volume of the
less edible species. According to current
literature (Martinez et a. 1997, Villarreal
1999), the 7 species important in the diet
of deer are; Acacia rigidula, A.
berlandieri, A. greggi, Porlieria angusti-
folia, Prosopis sp., Opuntia sp., and O.
leptocaulis. We further determined the
percentage of total volume of edible and
less edible species for each habitat. We
predicted the relative potential importance
of each habitat for 3 basic requirements of
deer (forage, thermal and hiding cover), in
accordance with the values of habitat vari-
ables mentioned above.

We conducted a Principal Components
Analysis (PCA) to order the vegetation
transects relative to the selected habitat
variables. This allowed us to determine
which variables are associated with and
characterize each of these habitats. The
matrix was created using standardized and
centered data which was then analyzed
using the program STATISTICA (Statsoft
1998). Other variables also employed in
this analysis were: variance in height,
mean distance to the nearest neighbor, and
variance in cover.
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Radiotelemetry

From September 1994 through
November 1995, we used a dropnet to
capture 14 deer (7 males and 7 females).
Each deer was equipped with a uniquely
colored radiocollar with a specific fre-
guency and activity sensor. Animals were
relocated with a pair of TR-4 receptors
(Telonics, Inc., Meza, Ariz.) and 2
portable “H”-type antennas at 2 fixed geo-
reference stations. Paired compass read-
ings per animal were taken simultaneously
by hour over 24-hour cycles, with 2 or 3
cycles each month during 1995 and 1996.
Although these data are autocorrelated,
longer time intervals could produce larger
variability within the data sets, reducing
the comparison power and sacrificing
behavioral information of biological sig-
nificance (Reynolds and Laundré 1990).
The Universal Transversal Mercator
(UTM) coordinates were obtained using
the Tripoly Program (Laundré 1990),
assuming a magnetic deviation of 9.15°.
For the purposes of sampling, we consid-
ered 3 deer biological periods, each with
unique energy requirements: reproduction
or breeding (November-February, the dry
period), postreproduction or gestation
(March—June, the dry period), and fawning
(July—October, the rainy season).

Deer Habitat Preference

To analyze habitat preferences, we over-
laid a vegetation map with the deer loca-
tion coordinates, thus illustrating deer use
for each habitat. A habitat was considered
“preferred” when it was used to a greater

extent than expected, according to its
availability (Byers et al. 1984). Preference
for each habitat was determined by 2
methods using the Generalized Linear
Models program (GLIM; NAG 1993). We
used GLIM because it is useful in han-
dling difficult data sets (non-normal) and
problems such as non-orthogonal designs
(Crawley 1993). First, we regressed the
seasonal number of locations of each indi-
vidua within each habitat against the area
of each habitat. This enabled us to test if
the number of locations by habitat type
depended on its availability, and on the
variables sex, season, or year. A positive
regression indicated that the number of
locations was determined by the availabili-
ty of each habitat, while any other result
indicated preferences for certain habitats.
Second, a log-linear model assuming a
Poisson error distribution was used to
determine which habitats were either pre-
ferred or avoided, and whether preferences
were affected by the variables: habitat (6
levels), sex (2 levels), season (3 levels),
and year (2 levels). We use the log-linear
model because it allows us to detect
changes in preferences related to factors
such as individual (sex, age) and time as
year and season (Manly et a. 1993). When
we fitted the models of preferences analy-
sis, there was overdispersion of the scale
factor, which could have produced an
error in the test of hypothesis. Therefore,
we calculated the scale factor from the
residual deviance before running the
analysis with overdispersion, and used the
F statistic distribution as reference
(Crawley 1993).

Deer Activity

We recorded the behavior of deer at the
same time the animals were relocated. The
type of behavior was identified by count-
ing the number of beeps emitted by the
activity sensor per minute during 5 min
intervals. In an earlier study with captive
deer using collars with sensors,
Mandujano et al. (1996) demonstrated
90% accuracy in distinguishing 3 activity
patterns of the deer behavior based on the
beep frequency: bedding (50-55 beeps per
minute), searching (56—69 beeps per
minute) and feeding (70-87 beeps per
minute). We counted the number of loca-
tions per habitat classified by activity
(bedding, searching, and feeding) by sex,
season and year. The number of locations
expected for each activity in each habitat
was calculated by multiplying the total
number of locations by activity by the rel-
ative availability of each habitat. We
determined habitat preferences by activity
using a chi-square analysis in GLIM.
When there were problems of overdisper-
sion in the models, these were dealt with
by using a correction factor similar to that
used in the preference analyses.

Results

Vegetation Characteristics

Based on the attributes of the 7 habitats
(Table 1), we ranked the different habitats
relative to their importance value for deer
requirements as follows.

Table 1. Variablesin each habitat type on the San Francisco Ranch, Mexico and their relative potential importance for 3 basic requirements of deer.
(A = Acacia-Castela, F = Flourensia, H = Hilaria, L = Leucophyllum, O = Opuntia, P = Prosopisand C = Acacia-Celtis; for importance value 1 = low,

2 =medium, and 3 = high).

Habitat

Variable A F H L (6] P C
Transect number 9 2 1 1 1 2 1
Richness (No. species) 10 11 9 10 5 7 6
Brush density (ind/ha) 199 265 5 118 10 49 81
Thermal cover (m?) 62.7 49.7 53.6 454 51.9 88.6 154.6
Hiding cover 0-50(%) 60.2 56.0 15.0 68.0 8.3 76.0 100.0
Hiding cover 51-100(%) 39.1 135 2.0 25.0 0.0 54.5 95.0
Total hiding cover(%) 395 25.0 6.3 34.3 2.8 52.5 97.0
Mean distance (m) 36 2.8 214 29 10.2 45 35
Mean height (m) 1.2 1.0 15 1.2 0.8 1.4 24
Variance thermal cover (m?) 2.8 24 14 1.0 2.8 4.6 14.8
Variance height gm) 0.2 0.1 6.8 0.1 0.1 0.2 0.9
Total volume (m®) 375 29.6 37.7 26.7 16.8 58.3 187.1
Edible Species volume (m®) 13.7 145 285 7.6 16.3 39.6 127.4
Not ediible Species volume (m®) 237 151 9.2 19.2 05 18.6 59.7
Edible volume percentage (%) 412 35.8 755 284 96.9 64.7 68.1
Not edible volume percentage (%) 58.8 64.2 245 71.6 31 353 319
Foraging value 1 1 2 1 1 3 3
Hiding value 3 2 1 2 1 3 3
Thermal value 3 2 1 1 1 3 3
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Table 2. Results of Principal Components Analysis of habitat variables for component 1 and com-
ponent 2 on the San Francisco Ranch, Mexico (*= P < 0.05).

Component
Variable Variable 1 2
number
1 variance thermal cover (m?) -0.589 -0.434
2 variance height (m) -0.925* -0.128
3 Brush density(ind/km?) 0.314 0.664
4 Richness (No. Species) 0.323 0.209
5 Thermal cover (m?) -0.932* -0.162
6 Hiding cover 0-50 (%) -0.646 0.683
7 Hiding cover 51-100 (%) —0.759* 0517
8 Total hiding cover (%) —0.799* 0.519
9 mean distance (m) 0.098 -0.891*
10 mean height (m) —0.905* -0.281
11 total volume (m®) -0.970* -0.136
12 Edible Species volume (m®) -0.887* -0.293
13 Not edible Species volume (m®) —0.824* 0.207
14 Edible volume percentage (%) -0.090 -0.676

Forage: Although Acacia-Celtis brush-
land was comprised of only 6 species,
including small trees of Acacia farnesiana,
this habitat had the highest total and edible
species volume, and was considered to
provide good conditions for foraging activ-
ity. Mean height was 2.6 m and this habitat
was common around the ephemeral
streams and their dams. Although vegeta-
tion density was low, we considered
Prosopis brushland a good foraging habi-
tat because it had the second highest vol-
ume of edible species, and a richness of 7
species. In the Hilaria habitat we included
some man-made meadows mixed with
fragments of other habitats found at the
study area. Nine plant species were detect-
ed. Although this habitat had the lowest
individual density, its bushes were rela-
tively tall (mean height 1.5 m) and 75% of
total volume was edible, thus this habitat
could be an important source of forage for
deer. The Acacia-Castela brushland had
10 species and a mean brush density of
199 individuals/ha, however the volume of
edible species was one of the lowest and
we considered it less important for deer
foraging. We considered Flourensia,
Leucophyllum and Opuntia to be unattrac-
tive habitats for foraging because they had
a low volume of edible species, even
though Flourensia and Leucophyllum had
high species richness. We did however
find a few signs of browsing on Opuntia
by deer on the ranch.

Hiding cover: With the highest values
of overall hiding cover. Acacia-Celtis,
Prosopis and Acacia-Castela provided
good conditions for bedding and search-
ing. The Leucophyllum brushland had high
hiding cover in the 0-50 stratum, and
although it diminished in the other 2 lev-
els, we dtill considered it as good protec-

tion habitat by deer. In the case of
Flourensia brushland, the hiding cover in
the 0-50 stratum, important for fawns,
was 56%, but total cover was among the
lowest because mean height was only 1.0
m. Finally, the Hilaria
and Opuntia habitats had

(]

and variance in cover (Table 2). This com-
ponent effectively separated habitats rela-
tive to cover and food: Acacia-Cdltis and
Prosopis, as well as 2 Acacia-Castela
transects that registered the highest values
of the abovementioned variables for this
habitat vs the habitats of Leucophyllum,
Flourensia, Hilaria, and Opuntia with
lower cover and volume (Fig 3a and 3b).
The second component (23% of the vari-
ance explained) separated the dense habi-
tats from the open ones, as indicated by
the mean distance between individual
plants. The Opuntia and Hilaria habitats
were the most open habitats with average
distances of 21.3 and 10.2 m, respectively.

Habitat Preferences By Deer

We recorded 4,909 deer locations and
these varied per sample populations from
none in the Opuntia habitat to 926 in
Acacia-Castela brushland (Table 3). As
deer did not use the Opuntia habitat, we
did not include it in the GLIM analysis,
and thus avoided bias in the preferences

the lowest values for hid-
ing cover, and were con-
sidered the least important o
for deer protection against
predators.

m
o

Thermal cover: Acacia- ¢
Celtis, Prosopis and
Acacia-Castela habitats
had the highest thermal
cover and offered good «
conditions as bed sites of 2
deer. Flourensia brush- "
land had the highest den-

[
1

sity of individual plants,
but lower thermal cover
compared to the above
habitats. Thermal protec-
tion diminished in
Hilaria, Opuntia and
Leucophyllum (the low- c

PC2

[N

=
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est) habitats and we con-
sidered these habitats as
unattractive as bedding S
sites.

The transect ordination
shown in Figure 3a is
based on the first 2 princi-
pal components, which .
accounted for 74% of the -2
variance. The first compo-
nent (51% variance
explained) was correlated
significantly with total
volume, volume of edible
and non-edible species,
thermal and hiding cover,
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Fig. 3. Principal Components Analysis for vegetation transects
on the San Francisco Ranch, Mexico(a) and relationship
among environmental variables of the Table 2 (b). (A =
Acacia-Castela, F = Flourensia, L = Leucophyllum, H =
Hilaria, O = Opuntia, P = Prosopis and C = Acacia-Cdltis).
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Table 3. Estimated area, and location numbers of white-tailed deer for each habitat association by sex on the San Franscisco Ranch during 1995 and

1996. Per centages are shown in brackets.

1995 1996

Plant association area (ha) femae male female male
Opuntia 11(1.3) 0 0 0 0
Hilaria 30(3) 15(1) 42 (3) 82 (6) 89 (10)
Leucophyllum 117 (11.6) 13(2) 115 (9) 178 (13) 251 (29)
Flourensia 60 (5.9) 212 (15) 243 (18) 127 (10) 19 (8)
Acacia-Castela 546 (54) 926 (65) 658 (51) 673 (51) 316 (49)
Prosopis 149 (14.7) 76 (5) 89 (7) 61 (5) 23(8)
Acacia-Celtis 98 (9.7) 191 (13) 146 (11) 195 (15) 169 (11)

analysis by small frequencies. We found a
positive relationship (r = 0.55, P < 0.05)
between habitat availability and the num-
ber of locations by habitat (Fig. 4a), but
the data formed 2 separate clusters that
correspond to the Acacia-Castela brush-
land and the other 5 habitat types.
Suspecting that the high availability of
Acacia-Castela brushland (54%) was
responsible for this result, we performed a
second regression analysis (Fig. 4b)
excluding this habitat type. The result was

C
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Fig. 4. Regression analysis of data on habitat use of deer and avail-
ability of each vegetation association on the San Francisco Ranch,
Mexico with (a) and without (b) the Acacia-Castela habitat.
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no relationship between habitat availabili-
ty and frequency of locations (r = 0.06, P
> 0.05). The lack of correlation between
these 2 variables indicates habitat prefer-
ence on the part of deer, and the prefer-
ence was masked by the high availability
of Acacia-Castela brushland.

Preferences were influenced by habitat
type, sex, and year (Fs 156 = 13.5, P<<
0.00001). During 1995, females avoided
Hilaria and Leucophyllum, while they pre-
ferred areas of Flourensia, Acacia-

Castela, and Acacia-Celtis. The high
cover Prosopis habitats were used accord-
ing to availability (Fig. 5a). Males howev-
er, selected most of the habitat types
according to availability, showing prefer-
ence only for Flourensia habitats. During
1996, females preferred Hilaria, avoided
Prosopis and Acacia-Castela habitats,
while their use of Leucophyllum,
Flourensia, and Acacia-Celtis was based
on relative availability (Fig. 5b). Males
preferred Hilaria and Acacia-Celtis habi-
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Fig. 5. Habitat preferences of whitetailed deer by sex on the San
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tats, while Flourensia, Acacia-Castela,
and Prosopis were avoided (Fig. 5b).

Deer Activity

There was also variation in each habitat
for the 3 activities studied between sexes
and years (Fig. 6). Both sexes used the
Prosopis brushland less than expected, for
the 3 activities during both years. For
feeding activity during 1995, males pre-
ferred the Hilaria, Leucophyllum and
Flourensia habitats and avoided Acacia-
Castela and Prosopis. Females preferred
the Flourensia, Acacia-Castela and
Acacia-Cédltis habitats for all activities and
avoided Hilaria, Leucophyllum and
Prosopis. In 1996, males preferred
Hilaria, Leucophyllum and Acacia-Celtis
for al activities (Fig. 7). They avoided
Flourensia, for feeding and bedding and
Acacia-Castela and Prosopis, for all 3
activities. In 1996, females used all the
habitats according to availability for al 3
activities. Hilaria was used more by
females than in 1995, and there was less
use of Flourensia and Acacia-Celtis than
in 1995.

Discussion

The habitats found within the San
Francisco Ranch had markedly different

characteristics, some had high cover val-
ues and others a high value of edible
species. Therefore each habitat can,
depending on its specific environmental
conditions, meet different requirements for
deer. Accordingly, we found that deer did
exhibit habitat preferences and that these
preferences for different habitats depended
on sex and year. Habitats with dense
cover, with the exception of Prosopis,
were important for all female activities
during 1995, whereas males only preferred
the dense cover zones of Acacia-Celtis in
1996. Cover protection against predators
and harsh temperatures is an important
element in deer habitat (Kroll 1992, Olson
1992). In Texas, the areas most heavily
used by deer have dense cover that often
exceeds 80% (Pollock et al. 1994); on the
San Francisco Ranch, Acacia-Castela,
Prosopis and Acacia-Celtis brushland also
had hiding cover with similar values.
Wiggers and Beasom (1986) state that in
general, cover of 53% or more is consid-
ered favorable to white-tailed deer,
because it offers protection against preda-
tors such as coyote (Canis latrans), bobcat
(Lynx rufus), and cougar (Puma concolor).
It has been determined that on the San
Francisco Ranch, deer make up 8% of the
coyote's diet (Lopez-Rivera and Gallina
1998). Predation data for cougars is limit-
ed and unavailable for the bobcat.
Although these predators are found in our
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study area, and the fences did not limit
their movements in and out of the ranch,
predation was generally low. The main
difference between years is a result of
more deer being attacked and killed in
1995 when, perhaps attracted by the abun-
dant drinking water, 2 dogs entered the
study area. DeStefano et a. (2000) address
the issue of water developments attracting
predators and impacting prey populations.
According to workers on this ranch, there
were more deaths in 1995 than in 1996.
These dogs were killed at the end of the
fawning period in 1995 and were not a
problem in 1996, although cougars and
coyotes continued to be present. This was
the only measure of predator control taken
during the study period. The drought con-
ditions that influenced the physical condi-
tion of the deer during 1995, as well as
predation by the feral dogs, could have
caused the deer to adopt a defensive strate-
gy. This may explain why females pre-
ferred locations with good cover, such as
the Acacia-Castela and Acacia-Celtis
plant associations during 1995.

In general, males showed limited habitat
preference in 1995, and during 1996 they
preferred open areas, only using certain
habitats of dense cover. Therefore, they
depended on dense cover zones for fewer
activities than females did. This prefer-
ence for open habitats contrasts with
results from other studies (Wood et al.
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1989, Ockenfels et al. 1991) which show
that deer of both sexes tend to avoid open
areas. In fact, there are areas where cover
is thought to be the determining factor in
selection, more for favorable thermal
cover conditions than hiding cover
(Bowyer et al. 1998). This selection is a
result of frequent high temperatures (over
30°C) that cause water loss from evapo-
transpiration (Ockenfels and Bissonette
1984). Under these harsh circumstances,
deer move to areas with good cover in
order to avoid thermal stress (Pollock et
al. 1994). The different male behavior
observed on the San Francisco Ranch
could be due, as we expected, to the high
availability of water, but also to the good
vegetation cover, which allowed them to
venture beyond dense cover zones to open
areas such as Hilaria and Leucophyllum to
forage and search. This behavior has been
reported in other studies (Mysterud and
Ostbye 1999)

Females preferred zones with high cover
during 1995, but not in 1996. Both the
habitats they avoided and those that they
preferred during 1995, were used accord-
ing to habitat availability in 1996. This
variation is probably a result of the
marked differences in precipitation
between years (1995: 136 mm; 1996: 276
mm). Because drinking water was abun-
dant in both years owing to the water man-
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agement program, the yearly variation in
habitat use was likely a result of some
other changes in habitat characteristics
that we did not measure. Since we only
have data for 2 years, it is difficult to ana-
lyze this possibility with any greater preci-
sion. Nevertheless, variability in precipita-
tion in arid zones has been observed to
modify habitat conditions (Davis 1990),
mainly the availability of food and cover
(Kie and Thomas 1988). Seasonal varia-
tion in site use as a result of these sources
of variation, as well as individua require-
ments, has been reported in other studies
(Orians and Wittenberger 1991, Pollock et
a. 1994). Thus the higher precipitation in
1996 likely improved forage conditions in
all the habitats of the San Francisco
Ranch, and gave deer a greater selection
from which to choose. This resulted in
greater use of open areas by females in
1996 compared to 1995, and could explain
why females used Acacia-Celtis less for
feeding during 1996.

Females avoided Hilaria habitat during
1995, but preferred it in 1996. When we
look at the habitat preferences by activity,
the use of Hilaria for feeding activity
increased during this wet year, likely
because it had a greater diversity of nutri-
tious, edible species according to Davis
(1990). This association is comprised of a
mixture of grassland and dense brushland;

such a combination is attractive for deer
(Wood et al. 1989, Kroll 1992) as it
encourages the production of herbaceous
species and greater diversity of brush
species, both important elements in deer
diet during the rainy season (Rollins et &.
1988). Flourensia was important for the
feeding activity of both sexesin 1995, and
for males in 1996. Leucophyllum was pre-
ferred by males during 1996. Both of these
plant habitats had less food available than
the other types and, in particular, F. cer-
nua is not very palatable browse (Estell et
a. 1994). The use of these 2 habitats could
be explained by their relatively high
species richness, which provided a variety
of plants and plant parts that allow deer to
meet their dietary needs (Davis 1990). The
few signs of browsing on Opuntia by deer
we observed on the ranch, may indicate
that deer consume Opuntia to complement
nutrient intake, but thisis a subject for fur-
ther study.

Conclusions

The behavior of white-tailed deer on the
San Francisco Ranch differs markedly
from that observed in arid zones where
water is a limiting factor. Thermal cover
requirements for protection against
extreme temperatures were relatively low
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during 1996 as precipitation that year was
higher than in 1995. In general, this
improved habitat conditions and, specifi-
caly, increased thermal and hiding cover,
food availability and reduced thermal
stress. This may explain why open zones
were preferred while the Prosopis zone,
with high hiding and thermal cover, was
avoided. The need for hiding cover
decreased in 1996 since predation by dogs
was eliminated. In contrast, 1995 was
characterized by extreme drought and,
although drinking water was abundant,
food availability was lower. Deer sought
and used dense cover more frequently, and
were subjected to higher predation, mainly
by dogs. The observed variation in the
preferences of both sexes from year to
year reminds us that habitat use is a com-
plex process. For arid zones during years
when drinking water is available all year
round, and when predation is low and
weather conditions are good with normal
to abundant precipitation, the quality (i.e.
diversity of species) and quantity of avail-
able forage is a key factor in determining
habitat use by deer. However, when
drought or predation increases, thermal
and hiding cover become relatively more
important than forage availability. From
this we can conclude that, in addition to
the availability of drinking water, effective
water management programs in arid zones
must also consider taking measures to
maintain brushland with good thermal and
hiding cover for deer to mitigate the
effects of harsh weather and predation.
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