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Little is known about Columbian black-tailed deer (Odécoileus hemionus
columbianus) because of their elusive nature and the logistical difficulty of
studying them in densely forested and mountainous terrain. The Oregon
Department of Fish and Wildlife has identified fawn survival as an important gap in
the current knowledge of demography and their understanding of an apparent
population decline.

We used vaginal-implant transmitters to locate birth sites and capture
newborn Columbian black-tailed deer fawns in the Umpqua National Forest in
western Oregon. We used modified Clover traps to capture deer during the winter
and early spring of 2000 a:hd 2001. Vaginal-implant transmitters were inserted into
36 adult does in 2000 and 32 adult does in 2001. We identified a total of 42 birth
sites within our study area using this technique and we captured 23 fawns which we
monitored daily throughout the summer.

We modeled birth site selection by examining both site-specific variables
and characteristics that describe habitat structure across a nested, hierarchical range

of four circular areas. We used logistic regression to compare 42 birth sites with 80



random sites. The model that explained the most variation included the amount of
edge and the average slope within 1,000 m of the birth site.

We radiocollared 23 fawns from 2000 and 2001; 19 were captured at the
birth site, which was i1dentified using the vaginal-implant transmitter, and 4 were
captured opportunistically. Fawns were located at least every other day and we
assessed habitat selection using selection ratios. Fawns used open and shelterwood
patches more than their availability in the study area. Timber habitats were used
most by fawns, but were used less than available.

Survival was monitored daily from the fawns estimated date of birth to 76
days. The Kaplan-Meier survival estimate for 76 days was 44% (95% confidence
interval=23-66%). We fitted our survival data to the Weibull distribution and took
an information-theoretic approach to construct a priori models using fawn capture
morphometrics and habitat variables within a 600 m and 1,000 m radius of the
capture site. The model that best explained fawn survival time was the amount of
roads within a 1,000 m radius of the capture site. A higher road density within
fawn summer range increases fawn survival time by likely minimizing predator

density due to vehicular disturbance.
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Ecology of Columbian Black-Tailed Deer Fawns in Western Oregon
INTRODUCTION

The Oregon Department of Fish and Wildlife (ODFW) conducts annual
spotlight counts from ground vehicles to mqpitgr Columbian black-tailed deer
(CBTD; Odocoileus hemionus columbianus) population trends in western Oregon.
The counts have dropped from 5,014 in 1996, to 2,885 in 1997, and to 2,560 deer
spotted in 1998 (ODFW 1996-1998). It is unknown whether or not the observed
decrease was an actual population decline or due to reduced silvicultural activity
along transect routes, which resulted in better concealment for deer. A complete
picture of CBTD demography is needed by ODFW for quantitative assessment of
population dynamics. Fawn survival was identified by ODFW as an important gap
in their current knowledge of demography.

Survival of neonate ungulates has largely been ignored by researchers
because of the difficulty in locating birth sites. Researchers typically have captured
neonates with several techniques including: observing parturient does (Ozoga et al.
1982, Whittaker and Lindzey 1999); observing a doe tending her newborn fawn
(Nelson and Woolf 1987); actively searching for fawns in known fawning areas
(Steigers and Flinders 1980, Hamlin et al. 1984, Riley and Dood 1984, Nelson and
Woolf 1987, Ballard et al. 1999); and opportunistically spotting fawns while
performing other tasks (Bowyer et al. 1998). Garrott and Bartmann (1984) used a

surgically implanted vaginal transmitter to locate birth sites but had limited success



due to severe trauma caused to the doe when the transmitter was expelled.

Bowman and Jacobson (1998) used a vaginal-implant transmitter (VIT) that did not
involve sutures in 16 white-tailed deer (Q. virginianus) and suggested that the use
of VIT wecrc safc for docs.

We used VIT to locate birth sites and capture neonate CBTD in the Umpqua
National Forest in Oregon. In Chapter 1, we present our research on birth site
selection of CBTD. Birth sites identified by the VIT were compared with random
sites across a range of spatial scales; variables measured from the birth site itself
out to 1,000 m away. We were interested in determining which factor(s) best
explained the variation within each scale and we were interested in determining
which scale best explains birth site selection. In Chapter 2, we present habitat
selection and survival of the radiocollared newborn fawns during their first 10
weeks of life. We used parametric survival modeling to examine which measures of
fawn morphometrics and forest habitat structure best predict survival time. In
Chapter 3, we evaluate the performance and effectiveness of using VIT as a

technique to locate birth sites.




Chapter 1

Birth site selection of Columbian black-tailed deer
in western Oregon

Nathan P. Pamplin, Richard A. Schmitz, and DeWaine H. Jackson



INTRODUCTION

There is a likely trade-off in habitat selection for female ungulates between
the increased forage requirement brought on by lactation and the risk of predation
to the neonate (Geist 1981, Bowyer et al. 1998, Mysterud and Dstbye 1999). The
selection of parturition locations by pregnant females may increase the chance of
survival in their offspring. Deer neonates (Odocoileus spp.) are not moved far from
their birth sites in the first month post-partum and doe areas of habitat use are
reduced from the home-range used throughout the year (Ozoga et al. 1982).
Therefore, the neonates’ first few weeks of habitat use are generally determined by
parturition site selection by does.

Parturition locations for deer that successfully reproduce include good
forage, water, gentle slopes, and cover, all in close proximity (Witmer et al. 1985).
Loft et al. (1984) noted that parturition sites were associated with riparian zones.
Cover provides refuge from inclement weather (Witmer et. al 1985, Bowyer et al.
1998) and predators (Parkinson 1982). Parkinson (1982) showed that wild does
held in captivity would not nurse their fawns unless adequate cover was provided.

Previous investigations of selection of ungulate parturition locations
involved monitoring female behavior as parturition neared or as the female returned
to their offspring for nursing (Hines 1975, Bowyer et al. 1999, Barten et al. 2001).
These studies were limited in spatial effect to studying the immediate area around

the birth site. They also may be biased because observers may be searching for



birth sites in habitats where the concealment cover of the habitat type favor the
researchers’ ability to observe parturient females.

Lactating does forage over a wide area, while fawns need concealment in a
small area. Therefore, habitat selection of parturition across a range of spatial
scales should be modeled simultaneously. By modeling habitat selection in this
manner, we can understand the relative importance of the different parturition site
characteristics at each spatial scale.

In this study, we used vaginal-implant transmitters (VIT) inserted into adult
doe Columbian black-tailed deer (O. hemionus columbianus) in western Oregon to
more precisely identify the location of birth sites in 2000 and 2001. In order to
identify key attributes of habitat structure, we modeled birth site selection by
examining both site-specific variables and variables that describe habitat structure

and topography across a nested, hierarchical range of spatial scales.

STUDY AREA

The 23,016 ha study area was located in the Umpqua National Forest on the
west slope of the Cascade Mountains in southern Oregon. The area receives
approximately 150 cm of precipitation annually. The most common conifer was
Douglas fir (Pseudotsuga menziesii) and other conifers in the region include
ponderosa pine (Pinus ponderosa), lodgepole pine (Pinus contorta), and incense-
cedar (Calocedrus decurrens). Primary understory shrubs include Pacific

rhododendron (Rhododendron macrophyllum), vine maple (Acer circinatum), and



western serviceberry (Amelanchier alnifolia). The elevation of the study area
ranged from 580 m to 1,830 m. Most of this region consists of steep ridges
interspersed with flat areas.

Different forest seral stages exist in the study area as a result of silvicultural
practices. The majority of the study area consisted of mature second-growth or
old-growth forest (73%). There were also clear-cuts (5%), regeneration stands
(18%), and shelterwood units (4%) dispersed throughout the region. The average

size of the three types of younger seral stages was 15 ha.

METHODS

We used modified Clover traps (McCullough 1975) to capture adult (> 2
years) female Columbian black-tailed deer from February to May, 2000 and 2001.
Because yearling pregnancy rates are low (85%), we inserted vaginal-implant
transmitters (VIT; SirTrack Limited, NZ; Bowman and Jacobson 1998) into adult
does which had a higher probability of being pregnant (>93%; Thomas 1983). Doe
age was determined using tooth eruption (Severinghaus 1949). The VIT were set
with a 2 hour motion-sensor transmitter delay. To maintain sampling
independence, we did not re-implant does in 2001 that were captured in 2000. We
also fitted each doe with a radiocollar with a 5 hour motion-sensor mortality delay
(Model 500-56A, Telonics, Mesa, AZ). All animal handling procedures were
approved by the Institutional Animal Care and Use Committee of Oregon State

University, Corvallis, OR, USA.



Does were located using aerial telemetry from a fixed-wing aircraft before
and during the fawning season. These locations were used to delineate a year-
specific study area boundary in a geographic information system (GIS; ArcView,
ESRI, Redlands, CA). Each boundary was a 1 km buffer of a minimum convex
polygon of the winter and spring adult doe aerial locations. We selected 40 random
points for each field season to describe the available habitat.

From the first week of June through the middle of July, we attempted to
check on the status of each VIT 3 times per day from the ground to determine if it
was expelled. Once a VIT signal indicated that it was expelled, we located the VIT
and recorded the Universal Transverse Mercator coordinates using United States
Geographical Survey 7.5-minute topographic maps. We assumed the birth site was
the location of the expelled VIT. We measured horizontal concealment cover of a
bedded and standing deer using a 2‘m cover pole (Griffith and Youtie 1988) and
measured vertical canopy cover using a spherical densiometer (Lemmon 1957). All
measurements recorded at birth sites were also recorded at random sites.

We used 1993 1 m digital orthophotoquads and a 30 m 1999 Landsat
Thematic Mapper image to delineate a habitat map based on forest structure in the
GIS. Forest structure was described by 6 categories: open; regeneration,
shelterwood; timber; water; and miscellaneous (Figure 1.1). The open forest
structure category included recent clear-cuts and meadows. The regeneration
category consisted of a dense monoculture of pole trees with little understory. The

shelterwood structure category consisted of harvested units where mature seed trees
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Figure 1.1. The study area habitat map was based on forest structure and was
divided into 6 categories: miscellaneous (MI); open (OP); regeneration (RE);
shelterwood (SH); timber (TT); and water (WA).

were left evenly spaced throughout the unit. The timber category was composed of
old-growth and mature second-growth. The timber category was continuous across
the study area and was a matrix in which the other categories were imbedded as
patches of other land use. The water category consisted of man-made ponds for the
hydroelectric water diversion projects in the area and did not include the associated
canal systems or natural streams. The final category, miscellaneous, consisted of
large rock outcroppings and a US Forest Service ranger station. The combined area

of the water and miscellaneous forest structure categories totaled less than 1% of



the study region. The forest structure map was ground-truthed on foot and by
vehicle in the fall of 2001.

Geographic information system data layers for elevation, road networks,
streams, and forest structure were used to calculate metrics for each birth and
random site. This included: the distance to road (m), streams (m), and edge of
nearest forest patch (m); topographic slope (degrees); aspect (which was sine and
cosine transformed for northing and easting, respectively); elevation (m); and forest
structure type for the exact locations of the birth and randorh sites. We also
examined landscape metrics calculated within 4 circular areas (Figure 1.2) of
increasing size around each birth and random site that were superimposed over the
data layers for forest structure, elevation, road networks, and streams. This allowed
us to standardize measurements across the 4 areas. The 4 circular areas
corresponded to: sub-stand; stand; home-range; and landscape (Bissonette et al.
1997). The sub-stand area was calculated using a 30 m radius, which yielded a 0.3
ha area. This radius was selected because it was the pixel size of our digital
elevation model and satellite imagery and represented the smallest resolution of the
data. The stand area was calculated using a 219 m radius, which yielded a 15 ha
area. The stand area was the mean individual patch size of the pooled open,
regeneration, and shelterwood patches. The home-range radius was 600 m, which
yielded a 113 ha area. It was the radius that gives the area of our average summer
adult doe home-range. The average home-range was based on a minimum convex

polygon (Mohr 1947) of spring and summer locations from 8 does during 2000 and
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Figure 1.2. A schematic of the four circular buffer distances around each birth and
random site from which landscape metrics were derived: sub-stand (30 m); stand
(219 m); home-range (600 m); and landscape (1,000 m).

2001. The landscape area was calculated using a 1,000 m radius with an area of
314 ha.

Within each circular area in the GIS, we calculated the average slope
(degrees), the greatest difference in elevation (m), the amount of streams (m), the
amount of open, driveable roads (m), and the percent of non-timber patches (the
proportion of open, regeneration, shelterwood, water, and miscellaneous forest

structure types). We used the Patch Analyst extension (Rempel 2000) within the
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GIS to determine the amount of edge (m) between adjacent forest patches, the
number of forest patches, the average patch size (ha), and the patch size standard
deviation within each circular area.

An information-theoretic approach (Burnham and Anderson 1998) was used
to develop a priori models to examine birth site selection. We were interested in
determining which variables best explained the selection at each scale of area
around the birth site and which factors best explained the variability in birth site
selection, among all circular areas and point-specific variables. Therefore, we
constructed 5 model suites. The first 4 suites contained the identical model
structure (21 models) applied to each of the 4 circular areas (sub-stand, stand,
home-range, and landscape areas). The fifth list of models (137 models) included
the 84 models from the first 4 suites, and models that included site-specific
variables.

We used logistic regression (PROC LOGISTIC, SAS Institute 1997) with
birth sites (coded 1) and random sites (coded 0) to model birth site selection. We
used the Akaike Information Criterion (AIC; Akaike 1973) corrected for small
samples (AIC,; Burnham and Anderson 1998) to identify the model(s) with the best
fit to the data. Models within 2 AAIC, values of the top model as ranked by AIC,
were considered competing models (Burnham and Anderson 1998).

We assessed the relative importance of variables within each circular area
and how each variable responded across spatial scales. First, a subset of the model

list was selected of only the models that were in the upper 95% of the summed
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Akaike weights. The model list Akaike weights were then re-normalized so that
they would sum to 1. We then summed across the re-normalized Akaike weights of
models that contained a particular variable (Burnham and Anderson 1998) and
repeated this for each of the 9 variables that were in the model suite.

Inter-annual variation in birth site selection was examined by using the |
same 5 model lists and re-applying them for the birth sites (random sites excluded)

with year 2000 (coded 0) and with year 2001 (coded 1).

RESULTS

We captured 36 adult does in 2000 and 32 in 2001. We identified 25 birth
sites in 2000 and 17 in 2001 within our study area (Figure 1.3). Tﬂe VIT were
usually found lying off to the side of a small scratched-out bed site, typically under
shrubs on level ground. Some VIT (19%) that were not found on scratched-out
birth sites, were located on deer trails, and presumably had fallen out because of
dilation of the vaginal canal as the doe neared parturition. We included these in our
sample because we would either find the newborn fawn close by (< 25 m) or we
knew from ground telemetry that the doe was staying close to the location of the
VIT while we were in the area.

Vaginal-implant transmitters were recovered in 4 of the 5 forest structure
types (excluding water; Figure 1.4). In contrast, all 5 of the forest structure types
were represented in the random locations. Based on the proportion of occurrence in

each forest structure category for VIT and random sites, at least 1 of the forest
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Figure 1.3. The locations of vaginal implant transmitters (VIT; n=42) and random
(n=80) sites for 2000 and 2001 within the study area, Umpqua National Forest,
Oregon.

structure types was used disproportionately (x°=19.103, 4 d.f,, p-value < 0.001).
The open forest structure category accounted for 12% of the VIT and only
accounted for 3% of the random sites. The regeneration forest structure category
accounted for 24% of the VIT while was only observed in 15% of the random sites.
Timber was the most used forest structure category (60%) for birth sites, but was

used less than available (76% occurrence in the random sites).
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Figure 1.4. The proportion of habitats observed for parturition sites (n=42) from
the vaginal implant transmiter (VIT) and the proportion of habitats expected based
on random sites (n=80). Habitats are based on the following forest structure types:
miscellaneous (MI); open (OP); regeneration (RE); shelterwood (SH); and timber
(TI); summers of 2000 and 2001, Umpqua National Forest, Oregon.

We modeled the same a priori model structure for each of our hierarchical
circular areas around the birth site (Table 1.1). There were 3 competing models
(within 2 AAIC,) for the sub-stand area (0.3 ha): the average slope combined with
the amount of non-timber; the average slope; and the average slope combined with
amount of roads. The best model for the stand area (15 ha) was the average slope

combined with the amount of edge. There were 4 competing models (within 2
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Table 1.1. The competing models (< 2.0 AAICc) for each of the 4 model

suites of birth site selection. Subscript notation: substand (ss); stand (st); home
range (sr); and landscape (1s). © : the variable was not significant (95%
confidence interval included zero). Data gathered from the summers of 2000 and
2001, Umpqua National Forest, Oregon. K=number of parameters and wi=Akaike
weight for the model.

SUB-STAND SUITE

Rank Model Structure K AICc AAICc Wi
1 Slopess + Amount Non-timbergs® 3 152.537 0.000 0.24
2 Slopess 2 153.425 0.889 0.15
3 Slopegs+ Roadsgg © 3 153.614 1.078 0.14
13 Null 1 159.126 6.589 0.01
STAND SUITE
Rank Model Structure K AICc AAICc w;
1 Slopegy + Edgesr 3 149.074 0.000 0.31
18 Null 1 159.126 10.052 0.00
HOME-RANGE SUITE
Rank Model Structure K AlCc AAICc W;
1 Slopexr + Edgenr 3 145.985 0.000 0.23
2 Slopegr + Amount Non-timberyg

+ Streamsgg | 4 146.454 0.469 0.18
3 Amount Non-timberyy +

Number of patchesgr® 3 147.217 1.232 0.13
4 Slopepr + Amount Non-timbergg 3 147.252 1.267 0.12
18 Null 1 159.126 13.141 0.00
LANDSCAPE SUITE
Rank Model Structure K AICc AAICc w;
1 Edge.s + Slopers 3 140.272 0.000 0.48
2 Edge; s 2 142.191 1.817 0.19
20 Null 1 159.126 18.651 0.00
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AAIC,) for the home-range area (113 ha): the average slope combined with the
amount of edge; the amount of non-timber combined with the average slope and the
amount of streams; the amount of non-timber combined with the number of
patches; and the amount of non-timber combined with the average slope. There
were 2 competing models (within 2 AAIC,) for the landscape area (314 ha): the
amount of edge combined with the average slope; and the amount of edge.

The first 4 model suites contained the same model structure applied to 4
increasingly larger circular areas. The relative importance of each variable within
each model suite was assessed by summing the weights for each individual factor
(Table 1.2; Burnham and Anderson 1998). The average slope was the dominant
variable in the models for the sub-stand, stand, and home-range area. The average
slope within the area decreased in importance as the circular area increased in size,
while the amount of edge generally increased in importance with increasing buffer
size, and was the most important variable within the landscape area model suite.

Our fifth model suite included all of the models from the nested, circular
area approach and models containing site-specific variables to examine which scale
best explained birth site selection. The overall best model based on the lowest
AAIC, values were the 2 best performing landscape circular area models. The
Akaike weights were 0.40 for the model that included the amount of edge within
landscape circular area plus the average slope of the landscape circular area and

0.16 for the model amount of edge within the landscape circular area (Figure 1.5).
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Table 1.2. A table showing the relative importance of variables for each of the four
hierarchical buffered scales. Values were based on the summed re-normalized
Akaike weights of models that contained a particular variable. The value of the
most important variable within each scale is in bold. Data gathered in the summers
of 2000 and 2001, Umpqua National Forest, Oregon.

Variable Name Sub-Stand _Stand Home-Range _ Landscape
Average Slope 0.91 0.71 0.63 0.60
Amount of Edge 0.06 047 039 0.85
Amount of Non-timber 043 0.16 0.61 0.08
Amount of Streams 0.16 0.11 0.32 0.23
Difference in Elevation 0.14 0.16 0.10 0.00
Number of Patches 0.02 0.12 0.19 0.00
Amount of Roads 0.15 0.03 0.05 0.00
Mean Patch Size 0.00 0.13 0.05 0.00
Patch Size Standard Dev. 0.02 0.03 0.05 0.00

We compared the 2 years of birth site data (n=25 for 2000; n=17 for 2001)
using the same model structures as we used to compare birth sites with random
sites. In the fifth model suite, when all the models were ranked together, there were
15 competing models (within 2 AAIC,), and 1 of these models included the null.
Therefore, there was insufficient evidence of between year differences in birth site

selection.
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Figure 1.5. The response surface of the best overall model: y=1/(1+exp(-(-2.9643)
—(0.000283)*(Amount of edge within the landscape circular area [meters]) — (-
0.0810)*(Average slope of the landscape circular area [degrees])). The values of
edge and slope were generated from the range of data observed from both birth and
random sites. Data gathered in the summers of 2000 and 2001, Umpqua National
Forest, Oregon.

DISCUSSION

It is difficult to assess at which scale an animal perceives its environment
and resource selection may vary depending on the scale at which it is analyzed
(Bond et al. 2002). We used a hierarchical scale approach to examine how adult
doe Columbian black-tailed deer perceive their environment when selecting their
birth sites. In our study, birth sites were more associated with measures of habitat
structure on a large spatial scale (a circular area with a 1,000 m radius from the

site). Animals are perceived to not respond to scales beyond their home-range
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(except with migration and dispersal) and therefore the landscape scale may be
difficult to interpret (Bissonnette et al. 1997). However, the resource selection
response at the landscape scale may put constraints on selection at finer scales
(Bissonnette et al. 1997), and therefore limit the available areas for an animal to
establish its home-range, find quality foraging sites, and in this case, select
parturition locations. We believe that there could be innumerable potential fine-
scale parturition sites available to does in our study area, but the overall
environmental context of the region around the birth site is critical, This
environmental context was measured in our study by the amount of forest edge and
the average slope of the region around the birth site up to 1,000 m away. Other
variables that potentially drive resource selection at this scale that we did not
address may include the density of other parturient adult does, the distribution of
other deer and their home-ranges, and the distribution of predators.

The 3 most dominant variables common to the 4 circular areas used in our
hierarchical approach were the average slope, the amount of edge, and the amount
of non-timber. As the area around the birth site increases, the average slope
decreases in relative importance, and the amount of edge increases in relative
importance. The predominance of the amount of edge and the amount of non-
timber (i.¢., early seral forest) both imply the need for does to readily seek forage.
Lactation is a large energy drain on female ungulates (Sadlier 1980) and they must
frequently forage in order to meet this increased nutritional demand. It is difficult

to interpret the importance of average slope. It could be that parturient does are
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selecting less steep slopes because of ease of movement or that does are selecting
less steep slopes because more logging has occurred on less rugged terrain, and
thus more early seral forest was present. The decline in the importance of slope
with increasing area is probably due to the fact that the larger areas will likely
contain diverse and rugged terrain, and the average slope at these coarser scales
becomes similar between birth and random sites.

In the literature addressing ungulate parturition site selection, much of the
analysis was based on site-specific environmental variables. Many of our models
that included site-specific variables outperformed the null and had variables that
were significant. However, these models did not perform nearly as well as models
that included variables from larger spatial scales. If we ignore all of the variables
derived from the hierarchical spatial scale approach, we had 3 top competing
models which were: site-specific slope combined with distance to edge; the
concealment cover of a bedded deer combined with the concealment cover of a
standing deer; and the site-specific slope. Thirty-eight models from the hierarchical
spatial scale approach explained the data better or as good as the 3 listed above, and
if a hierarchical approach had not been used, a completely different and weaker

inference to the data may have been drawn from only the site-specific measures.

MANAGEMENT IMPLICATIONS
The results of this study demonstrate that flatter slopes, the amount of non-

timber, and the amount of edge are strongly associated with birth site selection by
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adult doe Columbian black-tailed deer. This can be best explained using measures
of habitat structure up to 1 km from the birth site. Two early seral stages (open and
regeneration) were used disproportionately by does as birth sites and these patches
will not be maintained or replaced elsewhere in the area because of the lack of
disturbance from decreased timber harvest and increased fire suppression on public
lands. Not only do Columbian black-tailed deer use these early seral patches for
birth sites, but they also are selecting for habitats at a larger scale that have high
edge density and a greater proportion of early seral forest. Under the current
disturbance regime, early seral stages will mature and edge density will decline.
We do not know how adult parturient does will respond to this potential decline in

parturition site habitat, and we suggest further monitoring and research.
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