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ABSTRACT
The Sonoran desert is home to the Sonoran pronghorn (Antilocapra americana sonoriensis),
an endangered species with populations once numbering in the thousands and now reduced to
fewer than 300. Monitoring of the population is limited to biennial counts which provide
abundance estimates, but do not provide information on other demographic parameters.
Pronghorn are sensitive to stress from physical capture making them good candidates for
using noninvasive genetic methods. Noninvasive genetic sampling has commonly been
utilized in carnivores, but is less developed in ungulates. We designed and implemented a
method combining noninvasive genetic sampling and capture-recapture (NGS-CR) methods
to monitor Sonoran pronghorn. One weakness of fecal DNA analysis methods is the difficulty
of aging individuals with noninvasive genetic samples. We developed a model using several
measures of pellet morphology to reliably classify pellets from fawn versus yearling and fawn
versus adult using five-fold cross validation. We used our method of NGS-CR to estimate
abundance and apparent annual survival and assessed the accuracy and precision of our
estimates using capture-recapture simulations. While the inference of our estimates was
limited to the population using watering holes (drinkers), our results indicate this
methodology provided reasonable and precise abundance estimates though biased slightly
low. Combining this method with radio-telemetry data would further improve the accuracy of
the population estimate. As the population continues to expand, this method allows managers
to monitor trends in abundance and survival as an indicator of the population’s trajectory, as
opposed to current aerial survey methods, which provide abundance estimates, but are costly

and do not provide information on survival or other demographic parameters.
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CHAPTER 1 — RAPID SPECIES IDENTIFICATION OF SONORAN PRONGHORN
(ANTILOCAPRA AMERICANA SONORIENSIS) FROM FECAL PELLET DNA
Published in Wildlife Society Bulletin (2014) 38, 842848 (see Appendix for permission to

reuse)
Authors — Susannah P. Woodruff, Jennifer R. Adams, Timothy R. Johnson, and Lisette P.
Waits

Abstract
The Sonoran pronghorn (Antilocapra americana sonoriensis) is a subspecies of pronghorn
found exclusively in the Sonoran Desert of Arizona and Mexico. Sonoran pronghorn persist at
low densities and are geographically isolated from other pronghorn populations. Numbers
have declined in recent decades, but the population has rebounded from a low of fewer than
50 animals in 2003 to an estimated 150 individuals in 2012; however, little is known about
population demographics beyond abundance estimates. We developed a species identification
test that uses mitochondrial DNA (mtDNA) species-specific primers to distinguish between
sympatric Sonoran pronghorn and mule deer (Odocoileus hemionus) using DNA extracted
from fecal pellets. We accurately identified each species in 100% of the reference samples.
We also evaluate the rate of DNA degradation in pronghorn fecal samples ranging from 1 day
to 124 days old and document that mtDNA species identification success rates were 100%
through day 14. Success rates dropped to 95% by day 21, 45% on day 60 and 10% by day
124. This new test will be a valuable tool for documenting the presence of Sonoran pronghorn

across their current range and can also be used for other pronghorn populations.

1.1 Introduction
In 1991 the Sonoran pronghorn population in Arizona was estimated at 250 animals;

but by 2003, after several years of below-average rainfall, changing climatic conditions, and a



severe drought in 2002, the population estimate dropped to 21 animals (Bright and Hervert
2003). Following the 2002 drought, a captive breeding pen for Sonoran pronghorn was
initiated on the Cabeza Prieta National Wildlife Refuge (CPNWR) to facilitate recovery
efforts (Otte 2006). Natural surface water in the region is limited (USFWS 2010, Bagne and
Finch 2012); therefore, old livestock water tanks and building catchments were improved and
developed into artificial water sources (drinkers) for pronghorn and desert bighorn sheep
(Ovis canadensis nelsoni). Today, approximately 159 individuals exist in the U.S. population,
and 2 separate populations in Sonora, Mexico contain approximately 220 total individuals.
Sympatric ungulate species include mule deer (Odocoileus hemionus) and desert
bighorn sheep; however, pronghorn and bighorn sheep rarely overlap because of differences
in habitat selection preferences (Krausman et al. 1989, Hervert et al. 2005, Wallace and
Marsh 2005). Similarities between pronghorn and mule deer pellets make it impossible to
distinguish by visual inspection (Johnson and MacCracken 1978). In this paper, we report the
design of a mitochondrial (mtDNA) species identification test to distinguish between Sonoran
pronghorn and mule deer. Additionally we performed sex identification analysis on samples
to test for potential differences in polymerase chain reaction (PCR) success by sex. We
applied this method to fecal pellets collected in the captive pen and in the wild at
supplemental feed and water sites maintained by USFWS and Arizona Game and Fish
Department. Additionally, we evaluate the impact of time (1-124 days), age class (fawn vs.

adult), and sex on PCR success rates for DNA extracted from fecal pellets.

1.2 Materials and Methods
The study area included the captive Sonoran pronghorn pen on CPNWR and 2 nearby

drinkers. The region was characterized by wide alluvial valleys divided by fault-block



mountains. Elevation varied from 610 m to 1,219 m, but pronghorn were typically found
below 900 m. Scrub vegetation communities throughout pronghorn range varied with the
topography, elevation, proximity to ephemeral washes, and frequency and amount of
precipitation. Vegetation was characterized by Arizona Upland and Lower Colorado River
Valley subdivisions (Brown 1982) and consisted primarily of open hardwood-mixed cactus
woodlands or mesquite shrublands with sparse vegetation cover (Shreve and Wiggins 1964).

This area was one of the hottest and driest regions of North America, with average
summer high temperatures >38° C (INRMP 2003). From June to October, temperatures on
CPNWR could be >32° C for >100 consecutive days (USFWS 2002). April to June was the
dry season—most precipitation fell in winter and late summer with monsoon rains. Rainfall
varied dramatically and declined from east to west; average annual precipitation was
approximately 20 cm on the eastern edge and 7.5 cm annually on the western edge of the
refuge (USFWS 2002). Climate shifts in the past 25 years have led to warmer, drier
conditions (Weiss and Overpeck 2005, Kimball et al. 2010) and winter rains, which once
started in October, often now arrive in December (Kimball et al. 2010).

To design and optimize the test, we collected reference samples consisting of 20 tissue
samples from hunter-killed mule deer at a meat processing facility in Yuma, Arizona, and 12
pronghorn blood samples, which were obtained during Arizona Game and Fish Department
capture operations. All samples were collected in accordance with University of Idaho
Institutional Animal Care and Use permit 2013-79. In July 2012, we collected 20 pronghorn
fecal pellet samples (10 presumed [by size] adult, 10 presumed fawn) within the CPNWR
captive pen; 9 additional fecal pellet samples (all presumed adult) were collected from

drinkers in the CPNWR (all <24 hr old). There are currently no published studies



documenting size differences in fecal pellets of fawn and adult pronghorn, but these
differences have been documented for other ungulates (Ezcurra and Gallina 1981, Bubenik
1982, MacCracken and Van Ballenberge 1987, Sanchez-Rojas et al. 2004).

To evaluate the broader applicability of the test to other subspecies, we also analyzed
10 pronghorn (4. americana) tissue samples collected from 0.5-cm ear-tissue punches on the
National Bison Range, Montana, USA (Dunn et al. 2010). To evaluate possible cross-
amplification with other species in the study area, we tested the primer set on DNA of 5
bighorn sheep samples (blood) from Idaho, USA, and 4 desert bighorn sheep (0.5-cm ear-
tissue punches) from Arizona collected during capture operations. However, we note that
bighorn sheep have not been documented on remote cameras at the pronghorn drinkers.

Using different latex gloves for each sample to avoid cross-contamination of DNA, we
placed 3 pellets from each of the 20 fecal samples in a separate coin envelope, sealed, and
labeled the envelope. All samples were stored in silica desiccant to reduce DNA degradation
prior to analysis. The remaining samples from each pellet pile were transferred to a ‘pallet
pellet holder’ (Figure 1) constructed to ensure samples were kept separate from each other
and were not washed away by rain for the duration of the degradation study. We kept samples
for the degradation study near the captive pen in ambient field conditions for 124 days from 4
July 2012 through 5 November 2012. We collected 3 pellets from each sample for DNA
extraction at 3 days, 5 days, 7 days, 14 days, 21 days, 60 days, and 124 days to evaluate the
rate of DNA degradation over time. Additionally, we tracked rainfall and temperature during

the period using local weather stations (http://www.earthonly.com/ajo/weather/). Average

high temperatures were approximately 39° C from day 1 to 60 and 33° C from days 60 to 124.

Rainfall from day 1 to 124 totaled 16.4 cm with 1.9 cm falling between day 14 and day 21



(Table 1).

We extracted DNA from the fecal samples using the QIAamp DNA Stool Mini Kit
(Qiagen, Inc., Valencia, CA) in a laboratory dedicated to low-quantity DNA samples. All 3
pellets from each sample (within a time point) were extracted and considered a single sample.
Prior research on pygmy rabbit (Brachylagus idahoensis) pellets indicated that extraction of 4
pellets/sample was needed to ensure sufficient collection of DNA (Adams et al. 2011). We
used 3 pellets/sample because of the larger size of pronghorn pellets compared with pygmy
rabbit pellets. The tissue and blood samples were extracted using a DNeasy Blood and Tissue
Kit (Qiagen, Inc.) with an overnight Proteinase K digestion in a laboratory dedicated to high-
quantity DNA samples. A negative control was included in each DNA extraction to monitor
for contamination.

Cytochrome-b (cyt-b) coding regions are commonly used targets for species
identification tests (Parson et al. 2000, Bradley and Baker 2003, Branicki et al. 2003), and we
designed our test to use a species-specific primer approach (Dubey et al. 2009, Meganathan et
al. 2010, Stewart et al. 2010, Adams et al. 2011, Gunderina 2012). We developed a 3-primer
mtDNA cyt-b primer set (ProngID F2, SOPH R2, MuleD R2; Table 2) to distinguish Sonoran
pronghorn DNA from mule deer DNA (Odocoileus hemionus, O. h. hemionus, O. h.
californicus, O. h. eremicus) using representative cyt-b sequences obtained from GenBank
(accession nos.: GU175434, FJ188817, F1188847, FJ188823, FJ188857, FJ188725,
FJ188745, FJ188836, FI1188824, FJ188858, FJ188820, FJ188882, FJ188775, FJ188749,
FJ188881, FJ188795, FI188773, FJ188784, F1188793, FJ188794, F1188782, FJ188800,
FJ188785, FJ188786, FI188796). Using these sequences, we designed a forward primer

common to both species and species-specific reverse primers. The reverse primers create



products of a specific base-pair (bp) length for each species (Sonoran pronghorn: 129 bp;
mule deer: 176 bp). The 7-uL PCR reaction contained 0.6 uM ProngID F2, 0.3 uM SOPH R2,
0.3 uM MuleD R2, 1x Qiagen Master Mix, 0.5 Qiagen Q solution, and 1 pL. DNA extract.
The PCR profile includes an initial denaturation step at 95° C for 10 minutes followed by a
touchdown of 15 cycles at 94° C for 30 seconds, 63° C for 30 seconds (0.5° C decrease during
each cycle), and 72° C for 60 seconds, followed by 35 cycles at 94° C for 30 seconds, 55° C
for 30 seconds, and 72° C for 60 seconds before a cool-down at 4° C for 10 minutes. We
analyzed PCR products using a QIAxcel automated capillary electrophoresis instrument and
visualized using QIAxcel screen gel software (Qiagen, Inc.). This instrument can analyze 5-
bp—5-kb (kilobase) DNA fragments and differentiate 3—5-bp differences in fragment size for
fragments under 500 bp (Qiagen, Inc.). All samples with a visible PCR product showing the
expected fragment length, with concentrations >0.1 ng/uL, were scored as successful
amplifications. We re-analyzed samples that failed in the first PCR. Samples with 2
unsuccessful amplifications were considered failed samples.

We determined sex using KY 1/KY2 primers (Brinkman and Hundertmark 2009) in a
separate PCR reaction. We identified sex only for purposes of evaluating differences in
success rates by sex, because we were not testing success rates of nuclear DNA (nDNA) in
this manuscript. Analyses of nuclear DNA success rates will be presented in a different
manuscript focused on identifying optimal sampling intervals for mark-recapture analyses
(S.P. Woodruff unpublished data). Thus, we tested sex identification (ID) only on day-1
samples and success rate was 95% (19 out of 20). Polymerase chain reaction conditions were
0.05 uM KY1 and KY2 primers, 1% Qiagen Master Mix, 0.7 Qiagen Q-Solution, and 1 pL

DNA in a 7-pL reaction. The PCR profile was an initial denaturation of 94° C for 15 minutes,



followed by a touchdown of 13 cycles with a 30-second denaturation at 94° C, 90-second
annealing step at 65° C decreasing 0.4° C each cycle, and 60-second extension at 72° C. Then,
32 cycles of a 30-second denaturation at 94° C, a 90-second annealing step at 60° C, and a 60-
second extension at 72° C. The cycle finished with a 30-minute final extension at 60° C. We
included a negative control in all PCRs to test for contamination, and a positive pronghorn
control was included in all PCRs to ensure the PCR was working properly.
Statistical Analyses

We examined the effects of sample age, age class (fawn or adult), and sex on mtDNA
PCR success rate using a mixed-effects logistic regression model, implemented using
SAS/STAT PROC GLIMMIX (SAS Institute Inc. 2011). We specified the fixed effects as
sample age (transformed to the natural-log scale), age class, and sex. We specified a random
effect for sample to account for sample-specific effects and statistical dependencies among
pseudo-replicates within each sample. To improve estimates for sample-specific effects, we
specified a single model for both mtDNA and nDNA PCR success because their success rates
are likely statistically dependent. We included type of DNA (mtDNA vs. nDNA) and locus
length for the nDNA markers as additional fixed effects to allow differences in success rates
between the types of DNA and among the nDNA markers. Data from nDNA markers are
included to develop an appropriate statistical model for the joint distribution of PCR success
for both types of DNA to enhance the analyses of each type of DNA individually. A single
model for both types of DNA is potentially more powerful than 2 separate models. However,
because the focus here 1s on PCR success for mtDNA, these effects and the nDNA data will
not be further discussed herein (nDNA results are reported in Woodruff et al., in prep). We

obtained parameter estimates with maximum likelihood using adaptive Gauss—Hermite



quadrature to numerically approximate the intractable integral in the likelihood function. We

computed tests and confidence intervals using Wald test statistics and standard errors.

1.3 Results

No DNA contamination was detected in any of the negative controls. The PCR-based
mtDNA species ID test successfully distinguished pronghorn and mule deer DNA. All mule
deer and pronghorn blood and tissue reference samples amplified with 100% success, and
species was identified correctly in all samples. Known pronghorn fecal samples (n = 20)
collected from inside the captive pen within 1 day of defecation also amplified species
correctly 100% of the time, as did all 10 pronghorn samples from the National Bison Range in
Montana. Nine fecal samples (<24 hr old) of unknown species origin, which were collected in
the wild at drinkers, amplified as pronghorn. Reference tissue samples from bighorn sheep
were indistinguishable from mule deer.

For the DNA degradation experiment, PCR success rates were 100% through day 14
and dropped to 95% at day 21; however, they declined notably to 50% and 10% by day 60
and day 124, respectively. Overall, after two PCR attempts, 82% (131/160) of the samples
amplified successfully (Table 3). Three out of 34 samples that were unsuccessful in the first
PCR successfully amplified in a second PCR. Statistical analyses indicated a significant effect
of exposure time on PCR success rates (Wald x> = 178.14, P < 0.001). A 95% confidence
interval for the effect of age estimated that for each unit increase in the age (on the natural-log
scale) of a typical sample (i.e., at the modal value of the random effect for sample), the odds
of the probability of a successful PCR decreased between 93% and 97% (Figure 2). Neither
sex (Wald x> = 0.14, P = 0.710) nor age class (Wald y* = 2.77, P = 0.100) had a statistically

significant effect on success rates.



1.4 Discussion

Indirect methods, such as non-invasive genetic sampling, often provide a more
efficient, less expensive way of sampling and monitoring wildlife (Waits and Paetkau 2005,
Lukacs et al. 2009). MtDNA species ID tests have been successfully used in documentation of
species presence (Riddle et al. 2003, Adams et al. 2011), distribution (McKelvey et al. 1999,
Palomares et al. 2002), and range expansion (Valiere et al. 2003, Gajardo et al. 2004). They
have also been used to identify species in predation studies (Onorato et al. 2006, Mumma et
al. 2013), and diet analysis (Farrell et al. 2000, Symondson 2002, Deagle et al. 2005, King et
al. 2008). Efficient and accurate methods documenting presence of a species can be critical in
wildlife management, especially in rare or cryptic species (Foran et al. 1997), or in expanding
populations.

The mtDNA species identification method described here is simple, technically
straightforward, and relatively inexpensive (US$6/sample supply cost). Documenting the
presence of Sonoran pronghorn using a species ID fecal DNA test has multiple benefits. First,
pronghorn and mule deer pellets are not distinguishable in the field (Johnson and MacCracken
1978), and mule deer are sympatric with pronghorn across their range. Although bighorn
sheep and pronghorn rarely, if ever, overlap spatially in our study area, the test provides the
ability to correctly distinguish pronghorn pellets from bighorn pellets.

Currently, presence of pronghorn is confirmed through radio collared individuals
and/or remote cameras; thus, detection is limited because only a small proportion (currently
12.5%) of the population is collared, and remote cameras are largely deployed only in areas of
known or suspected pronghorn use, such as drinkers (Hervert et al. 1997). This non-invasive

genetic sampling approach greatly expands the ability of managers to monitor for the presence
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of this species and detect occupation of new areas. Our results demonstrate high success rates
(>95%) for fecal DNA species ID up to 21 days after deposition and 50% success rates after 3
months of exposure to summer field conditions.

Compared with other studies using fecal pellets to amplify mtDNA, our success rates
are very high. In a summer DNA degradation study of pygmy rabbit pellets, DeMay et al.
(2013) reported 94.4% success in 1-day-old samples dropping to 66.7% in 21-day-old
samples and only 7.7% after 60 days for mtDNA. In the DeMay et al. (2013) study, pellets
were exposed to a high temperature of 37.5° C and average high temperature was 30.7° C. In
a winter study of eastern cottontail (Sylvilagus floridanus) and snowshoe hare (Lepus
americanus), mtDNA amplification from fecal pellets was 60% after 42 days, but for New
England cottontail (S. transitionalis) pellets, success rates were only 10% after day 7 (Kovach
et al. 2003). In the New England cottontail study, temperatures were drastically cooler (—1° C
to —20° C) and there was appreciable precipitation (rain and snow).

Factors such as age of the sample (i.e., no. of days post-deposition), diet,
environmental conditions (ultraviolet radiation, rain), and storage and preservation method
affect DNA amplification success (Murphy et al. 2003, 2007; Beja-Pereira et al. 2009; Adams
et al. 2011; P