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ABSTRACT 

 Translocations are a common component of pronghorn (Antilocapra americana) 

management across the western United States to augment declining or reestablish 

extirpated populations.  However, post translocation monitoring has either been minimal 

or non-existent.  In 2013, the New Mexico Department of Game and Fish entered into an 

agreement with a ranch located east of Cimarron, New Mexico to reduce winter crop 

depredation by translocating pronghorn to supplement declining populations in the 

southeast region of the state.  Pronghorn translocated to Fort Stanton, NM in January 

2013 and 2014 were monitored and assessed for survival.  A low fawn:doe (6:100) ratio 

observed in late-summer 2013 resulted in the deployment of  vaginal implant transmitters 

(VITs) in females translocated in 2014 and 2015 to more precisely estimate fawn 

survival.  Specifically, the objectives of this research were to (1) estimate post-

translocation adult pronghorn survival and cause-specific mortality, (2) estimate fawn 

survival and cause-specific mortality and (3) determine VIT efficacy and success in 

pronghorn.   

 A total of 159 adults were translocated to Fort Stanton, New Mexico (61 male and 

98 female).  Adult survival was estimated for both year of translocation (2013 and 2014) 

and the year post translocation (2013 animals in 2014).  A set of a priori models were 

developed based on adult pronghorn biology and ecology to assess the influence of a 

suite of weather covariates on translocated adult pronghorn survival on Fort Stanton.  

Adult seasonal survival was high both years of translocation (0.68 + 0.08; 2013 and 0.91 

+ 0.06; 2014) and the year post translocation (0.95 + 0.05).  No weather covariates 
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influenced adult survival.  In 2014, 29 fawns were captured in 2014, and 31 were 

captured in 2015.  Similar to adults, a set of a priori models were developed based on 

pronghorn fawn biology and ecology to assess the influence of potentially relevant 

covariates on pronghorn fawn survival.  Seasonal (derived) fawn survival was 0.01 (+ 

0.1) in 2014, and 0.04 (+ 0.3) in 2015.  Vapor pressure deficit (VPD; mmHg) and mean 

maximum temperature (°C) had some influence on fawn survival in 2014, but may have 

been somewhat spurious due to the negligible survival that year.  Similarly, no 

environmental covariates influenced fawn survival in 2015.  Fawn mortality in both years 

was attributed to predation, where most sites with fawn remains were “cached” in this 

study.  

 Vaginal implant transmitters were only marginally useful in this study as related 

to assisting with locating fawn parturition sites as many VITs signaled false expulsion, 

(i.e. VIT signaling “expelled” despite remaining in the female), which resulted in 

significant time and effort exerted tracking false expulsions, rather than monitoring 

pregnant does for potential opportunistic fawn capture opportunities.  Fawn capture from 

females with VITs (n = 12) was comparable to opportunistic (i.e., fawns located without 

VIT assistance) fawn captures (n = 13).   

 High adult survival indicates that these translocation efforts were successful in 

establishing a viable adult population.  However, poor fawn survival in both years 

suggests that future efforts should focus upon identifying and remedying potential 

limiting factors negatively impacting fawn survival in this localized population.  We 

recommend modifications to VITs to limit false expulsions in future studies (specifically 
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widening wings for better transmitter retention), so more time can be spent on fawn 

captures instead of spent determining transmitter status. 
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CHAPTER I 

TRANSLOCATED ADULT AND FAWN PRONGHORN SURVIVAL IN 

SOUTHEASTERN NEW MEXICO 

INTRODUCTION 

Pronghorn (Antilocapra americana) populations in North America were nearly extirpated 

during western settlement, decreasing in both number and geographic distribution to 

approximately 30,000 individuals by 1920 (Nelson 1925).  Declines resulting from habitat loss, 

competition with livestock and associated fencing, as well as unregulated hunting (Nelson 1925, 

Yoakum and O’Gara 2000, O’Gara and McCabe 2004, Longshore and Lowrey 2008), were 

ubiquitous throughout their range.  However, by 1930, highly regulated hunting, water 

developments and translocations were effectively increasing populations and by 1983, > 1 

million pronghorn were estimated to exist throughout North America (Yoakum 1986, Yoakum 

and O’Gara 2000).  Today, between 650,000 and 800,000 pronghorn exist in North America, 

although conservation concerns still exist for pronghorn populations at local and regional scales 

throughout their geographic range (Yoakum 2004). 

Comparable declines were recorded in New Mexico in the early 20
th

 century (Russell 

1964).  For example, by 1940 an estimated 3,000 individuals were reported to exist between the 

Pecos River and the Sacramento Mountains, and by 1977, populations were reduced to 

approximately 300 individuals (Howard et al. 1983).  More recently, at the Corona Range and 

Livestock Research Center in Corona, New Mexico, Bender et al. (2013) reported pronghorns 

had declined from 136 individuals in 2004 to 66 in 2011.  Similar pronghorn declines occurred in 

the Trans-Pecos region of Texas (Simpson et al. 2007), which has prompted current expansion 
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and implementation of pronghorn translocation efforts in that region.  Prior to these translocation 

efforts, the Trans-Pecos population was estimated to be < 3,000 individuals (O’Shaughnessy et 

al. 2014).  Currently, in New Mexico, approximately 40,000-45,000 pronghorn are thought to 

exist statewide, although recent management efforts have focused upon reducing overabundant 

populations in some locales by translocating individuals to other areas in which populations 

remain below desired levels (Schilowsky 2010). 

Translocations have been a common component of pronghorn management across the 

western United States to augment declining or re-establish extirpated populations (O’Gara et al. 

2004).  For example, Texas Parks and Wildlife Department (TPWD) began translocating 

pronghorn in Texas in 1939 to restore pronghorn to suitable habitat within their historic range 

(Hailey 1979), and by 1982 approximately 5,700 had been translocated, primarily to the Trans 

Pecos region and the Texas Panhandle (DelMonte and Kohlmann 1984).  No survival estimates 

were reported from these efforts, but translocations were deemed successful when evidence of 

population growth occurred (DelMonte and Kohlmann 1984).  Pronghorn translocation efforts 

were also initiated in 1939 in New Mexico, where > 4,400 individuals were captured and 

translocated within state boundaries between 1939 and 1993 (R. Darr, New Mexico Department 

of Game and Fish [NMDGF], unpublished data, Russell 1964, Howard et al. 1983, Cassaigne et 

al. 2010).  These translocation efforts occurred throughout much of the eastern half of the state, 

but pronghorn population persistence and expansion has not been observed in most locales.  This 

is evidenced by multiple translocations in some areas over several decades and continued lack of 

population coalescence throughout much of New Mexico (R. Darr, unpublished data). 

Most metrics indicate that such translocation approaches are successful in meeting 

management goals and the objective of some population increase. However, in most cases, 
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focused post-translocation population monitoring has either been minimal or non-existent, and 

long-term population persistence after pronghorn translocation efforts has not been well 

documented.  For example, in 2011, the Borderlands Research Institute at Sul Ross State 

University, in cooperation with TPWD and private landowners began a long-term pronghorn 

monitoring and restoration project in the Trans Pecos Region, to supplement declining 

populations there and resolve issues with pronghorn depredating agricultural crops in the Texas 

Panhandle (O’Shaughnessy et al. 2014).  By January 2014, >400 animals had been translocated, 

and since 2011 extensive monitoring of survival, movements and recruitment has occurred 

(Hoffman et al. 2012, O’Shaughnessy et al. 2014).  Annual adult survival estimates were high in 

both 2013 (70%) and 2014 (76%), but considerably lower in 2012 (20%), the year after the most 

significant drought in Texas since 1895 (Nielson-Gammon 2011, O’Shaughnessy et al. 2014).  

To date, this work provides the most definitive post-translocation survival estimates using 

uniquely marked and radio-collared individuals, before which, such data were not typically 

collected. 

Pronghorn translocation efforts have also occurred in California, primarily from 

northeastern to southern California (Johnson et al. 2013), including translocations from northern 

California to Adobe Valley, west of Yosemite National Park near the California-Nevada border.  

Most of these translocations also occurred to minimize local pronghorn crop depredation 

conflicts, and post-translocation monitoring focused upon fidelity and dispersal, but not survival 

(Goldsmith 1984, McCarthy and Yoakum 1984).  Pronghorn have also been translocated among 

states from Montana, Nebraska, Colorado and Wyoming to Kansas throughout the 1960s and 

1970s (Sexson and Choate 1981) and some were also translocated within Kansas in 1991 

(Simpson 1992, Rothchild 1993). 
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Regardless of pronghorn population origins (i.e., native, endemic, or translocated) or age 

structure (adults or fawns), relevant factors influencing pronghorn population dynamics, 

survival, and persistence include weather and climate, forage quality, space requirements, winter 

severity and mortality from a variety of assumed and known predators, such as coyotes (Canis 

latrans), bobcats (Lynx rufus), mountain lions (Puma concolor) and bears (Ursus spp.; Ockenfels 

et al. 1994, O’Gara 2004a, b, O’Gara and Shaw 2004, Brown et al. 2006, Brown and Conover 

2011).  Years of inadequate precipitation in the Southwest has been linked to long term declines 

in pronghorn productivity (deVos and Miller 2005, Brown et al. 2006, Simpson et al. 2007, 

McKinney et al. 2008).  For example, body condition of pronghorn is related to precipitation in 

southeastern New Mexico, where annual male survival was positively correlated with winter 

precipitation, but female annual survival was not (Bender et al. 2013).  However, both annual 

precipitation and winter precipitation were positively related to both adult female and pronghorn 

fawn survival in northeastern New Mexico (Lomas and Bender (2007).  Precipitation in the 

previous winter was also the best predictor of adult female mule deer (Odocoileus hemionus) 

mortality in Idaho, with greater winter precipitation resulting in greater female mortality (Hurley 

et al. 2011).  A strong relationship existed between spring precipitation and mule deer fawn 

survival in Idaho (Bishop et al. 2005), however, exposure to cold, wet weather shortly post birth 

can increase mortality in neonatal ungulates (Gilbert and Raedeke 2004, Pojar and Bowden 

2004).  Similarly, forage quality has been linked to increased precipitation in arid climates 

(Hamlin and Mackie 1989, Marshal et al. 2005), and in southern New Mexico where pronghorn 

give birth between mid-May and mid-June, about a month prior to the start of monsoon season 

which would be when forage quality and quantity is presumably greatest (Bender et al. 2013).  
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Collectively, these factors may directly influence both adult and fawn survival, regardless of 

translocation history and population origins.  

Habitat and nutritional stresses may be exacerbated during drought years when forage 

quality is poor for lactating does (and weaned fawns) and hiding cover is limited.  Spring forage 

conditions can affect early neonatal survival in large ungulate populations (Kie and White 1985, 

Gaillard et al. 1997, Portier et al. 1998, Lomas and Bender 2007).  Little is known about the 

impact of high temperatures on adult survival, but the potential exists for high temperatures to 

influence survival indirectly through water loss, declining forage availability and depression of 

physiological function of both pronghorn adults and fawns (Brown et al. 2006).  Collectively 

these stressors could elevate both adult and fawn susceptibility to both disease and predation 

(Heffelfinger et al. 1999, Bright and Hervert 2005, deVos and Miller 2005).  In addition cool, 

dry summer weather increased the potential for mule deer fawn survival in Montana (Picton 

(1979) while in Texas extended periods of damp, cool weather increased fawn mortality due to 

the potential for exposure (Ginnett and Young 2000). 

Mass at birth was not related to pronghorn fawn survival to 8 weeks in Oregon (Van 

Vuren et al. 2013), similar to results of previous studies showing no association between fawn 

mass and survival in pronghorn (Fairbanks 1993, Dunbar et al. 1999). However, white-tailed 

deer (O. virginianus) fawns with a greater mass at capture were more likely to survive in 

Pennsylvania (Vreeland et al. 2004), and this positive relationship has been shown to exist in 

other studies of white-tailed deer (Verme 1977, Kunkel and Mech 1994), but little is known 

about pronghorn fawn birth mass in New Mexico. 

Fawn survival and eventual recruitment is an important regulating factor of pronghorn 

population dynamics (Vriend and Barrett 1978, Kohlmann 2004), and may eventually 
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compromise future breeding potential, population expansion and persistence, particularly in 

translocated populations (Kohlmann 2004).  Although the more recent successful Trans Pecos 

translocation efforts have reported ~75% annual adult survival rates (O’Shaughnessy et al. 2014, 

Hoffmann 2015), fawn survival was estimated to be 18% in 2012 (Weaver 2013).  Fawn survival 

estimates are generally lacking from translocated pronghorn efforts, and this 18% serves as the 

current baseline estimate for translocated fawn survival.  Neonate survival from birth to 

recruitment is vital to regulating ungulate populations (Gaillard et al. 1998, Gaillard et al. 2000), 

and remains a critical element in discerning population trends in translocation success. 

In 2013, the NMDGF entered into an agreement with the Express UUBar Ranch, located 

east of Cimarron, New Mexico to reduce winter crop depredation by pronghorn.  To remedy this 

specific nuisance issue, the NMDGF implemented a multi-year capture and translocation effort, 

as a means to reduce local crop depredation complaints, while simultaneously translocating 

individuals to supplement declining pronghorn populations in southeastern New Mexico (S. 

Liley, NMDGF, personal communication).  Post-translocation survival estimates are critical to 

evaluate and determine translocation success, as well as to evaluate translocation as a 

management strategy.  To date, no work in New Mexico has estimated translocated adult 

pronghorn survival, or resulting fawn survival from those translocated adults.  This research is 

focused upon estimating post-translocation adult survival and cause-specific mortality, as well as 

fawn survival.  Simultaneously coupling adult and fawn survival estimates will provide a more 

thorough and transparent evaluation of pronghorn translocation success.  For example, adequate 

adult survival alone does not necessarily result in successful establishment of a self-sustaining 

population.  If recruitment is poor, despite stable adult survival, populations decline, regardless 

of any future attempts to continue supplementing translocated populations with additional 
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individuals.  Therefore, the specific objectives of this study were to (1) evaluate pronghorn 

translocation success by estimating translocated adult pronghorn survival and (2) estimate 

survival and cause-specific mortality of pronghorn fawns born to translocated does.  
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STUDY AREA 

Pronghorn were captured at the Express UUBar Ranch, a working cattle ranch, located 

just east of Cimarron, New Mexico, to reduce local winter crop depredation pressure (Figure 

1.1).  The capture site was 1,950 m elevation open rangeland, intermixed with irrigated 

croplands.  After capture, pronghorn were translocated and released at Fort Stanton National 

Conservation Area [NCA], located in Lincoln County in southeastern New Mexico between the 

Sierra Blanca and Capitan Mountains (Figure 1.2).  The release area (33.53757 N, -105.49070 

W) was located between 1,800 and 2,200 m (Wood 1970, Bureau of Land Management 2001). 

The Fort Stanton NCA is managed by the Bureau of Land Management [BLM]; private 

and state-owned lands surround the NCA to the north, east and west, whereas the United States 

Forest Service Lincoln National Forest surrounds the south and northeast sides (Figure 1.3).  The 

BLM established the Fort Stanton Area of Critical Environmental Concern [ACEC] in 1997, 

through the Roswell Resource Management Plan [RRMP] with the intention of managing for and 

protecting its biological, archeological and scenic resources.  The ACEC has been managed for 

pronghorn including translocations in cooperation with NMDGF since 1997 (Bureau of Land 

Management 2001).  In 2009, the ACEC was re-designated as a NCA to protect the Fort Stanton-

Snowy River cave system, which lies under a portion of the study area.  This re-designation 

effectively placed the ACEC along with 99.5 ha of land into the BLM’s National Landscape 

Conservation System [NLCS].  A Fort Stanton-Snowy River Cave National Conservation Area 

Resource Management Plan [NCA Plan] was written to manage both the surface and sub-surface 

resources of the NCA. 

The NCA includes 10,067 ha where grasslands and pinyon (Pinus edulis) –juniper 

(Juniperus monosperma) woodlands are the major vegetative types, with pinyon-juniper 
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dominating due to historical fire suppression (Bureau of Land Management 2011).  The most 

prevalent grass is blue grama (Bouteloua gracilis), intermixed with wolftail (Lycurus phleoides), 

sand dropseed (Sporobolus cryptandrus), mat muhly (Muhlenbergia richardsonis), ring muhly 

(Muhlenbergia torreyi), red three awn (Aristida longiseta), galleta (Hilaria jamesii), Hall's panic 

(Panicu hallii), bottlebrush squirreltail (Elymus elymoides), and sideoats grama (Bouteloua 

curtipendula).  Common forbs include Carruth sagewort (Artemisia carruthi), scarlet 

globemallow (Sphaeralcea coccinea), Dakota vervain (Verbena bipinnatifida) and Rocky 

Mountain zinnia (Zinnia grandiflora).  Pinyon pine, one-seeded juniper, walking stick cholla 

(Opuntia imbricata), wavey-leaf oak (Quercus undulata), and broom snakeweed 

(Xanthocephalum sarothrae) are common shrubs (Wood 1987, Pieper 1990, Bureau of Land 

Management 2011).  Annual precipitation is 41.1 cm with average minimum temperature of 

2.8°C and an average maximum temperature of 19.6°C (Figure 1.4).  Approximately half of the 

precipitation occurs as rain between July and September each year (Western Regional Climate 

Center 2013; Figures 1.4; 1.5; 1.6). 

 Prior to 1937, all pronghorn in Lincoln County were in the Pecos River watershed, in the 

eastern portion of the county, and no pronghorn were thought to exist in the Fort Stanton area in 

the late 19
th

 Century (Russell 1964).  Pronghorn (n = 41) were translocated to Fort Stanton area 

from 1938 to 1953 (Russell 1964, Engelking 1969), and during the early 1980s, 50-60 

individuals commonly were observed the vicinity of the location of the current release site and 

ranged west to private ranchlands (Golley 1982).  In 2012 (prior to the current translocation 

efforts), the NCA was estimated to contain approximately 30 individuals (R. McBee, NMDGF, 

personal communication). 
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METHODS 

Capture 

All adult capture and translocations were organized, managed, and executed by NMDGF 

personnel.  Pronghorn were captured using the helicopter and corral method (Russell 1964) to 

remove animals from the Express UUBar Ranch, Cimarron, NM, on 15 January 2013, 14-15 

January 2014, and 12-15 January 2015.  In 2013, all pronghorn were marked with uniquely 

identifying ear tag, where 50% of animals translocated to Fort Stanton were also fitted with very 

high frequency (VHF) radio-collars (Advanced Telemetry Systems, Inc., Isanti, Minnesota, USA 

and Sirtrack, Havelock North, NZ), outfitted with 4-hr mortality switches.  All translocated 

individuals were administered subcutaneously 15 mL Azaperone, Ivermectin and antibiotic by 

NMDGF staff veterinarian prior to transportation in trailers to Fort Stanton. 

In 2014, pronghorn were again captured and marked with uniquely identifying ear tags, 

and half were outfitted with a VHF radio-collar (M2230B, Advanced Telemetry Systems (ATS), 

Inc., Isanti, Minnesota, USA).  Pregnancy status of all collared females was determined using a 

portable ultrasound (Smith and Lindzey 1982, Haskell 2007) and pregnant females also were 

fitted with a vaginal implant transmitter (VIT; Model M3930L, 21g; Advanced Telemetry 

Systems, Inc., Isanti, Minnesota, USA) (see Chapter II).  All translocated individuals were 

administered 15mg Azaperone along with Bo-Se, Ivermectic and Antibiotic, subcutaneously to 

prepare them for transportation to Fort Stanton.  In 2015, female pronghorn were collared and 

outfitted with VITs, similar to those in 2014 (see Chapter II).  These adult pronghorn were not 

monitored for use in adult survival analyses, but were rather the foci of capture efforts to 

estimate fawn survival in 2015 (see below). 
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Adult Monitoring 

Pronghorn were monitored daily during the first two weeks (16-30 January) post release 

in 2013 and 2014 to assess immediate post-release survival, and possible deleterious capture 

effects.  After the initial first two weeks, pronghorn were monitored every other day until 1 

April. Then, after 1 April, through 21 Aug 2013 or 14 Aug 2014.  Individuals that were not 

located during normal monitoring efforts were searched for by NMDGF personnel using aerial 

radio telemetry, at various times during both years.  This aerial reconnaissance was conducted 

several times, including 8 June, 13 June and 7 July 2013 and 7 July 2014.  For all other telemetry 

efforts, a handheld 3-element Yagi antenna and a scanning receiver were used to locate 

transmittered individuals (White and Garrott 1990).  Each animal was then visually observed, 

and its location was recorded (in UTMs using NAD 83), by estimating the azimuth to the 

animal(s) and distance (m) from the observer (using a topographic map).  Compass bearings 

were used to locate animals relative to the observer on a topographic map and specific locations 

were identified using topographic features (Figure 1.7).  If individuals occurred in groups, age 

and sex composition data of the group were recorded, including total group size, and the number 

of marked and unmarked animals.  When additional transmittered pronghorn were found in the 

same location for > 1 day, those individuals were located to determine status (i.e., alive or dead). 

Adult Mortality Examinations 

When mortality signals were detected or the transmitter was located, specific sites and 

carcasses (if present) were examined carefully for evidence of predation (i.e., scat, tracks, fur, 

etc.) or other signs that indicated potential causes of mortality.  Potential predators of adult 

pronghorn were mountain lions, bobcats, coyotes and black bears (Ursus americanus).  

Necropsies were performed on any adult mortality found using criteria outlined by O’Gara 
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(1978) and Wade and Bowns (1982) and any evidence of predators was noted.  Carcasses were 

skinned when possible and examined for wound-evidence, including bite or claw marks (as well 

as locations and measurements), subcutaneous hemorrhaging, chewed bones or extremities, and 

position of the carcass or remains documented, following (O’Gara (1978) and Wade and Bowns 

(1982).  GPS coordinates were recorded at each mortality site, along with detailed notes and 

photos of the carcass and site. 

Fawn Capture and VIT Monitoring 

Female pronghorn outfitted with VITs were monitored daily from 1 April to 1 July 2014 

and 25 April to 1 July 2015 for both identifying their location and recording VIT retention.  

Efforts during this time were focused upon monitoring VITs for expulsion, locating and 

capturing fawns, and monitoring fawn survival (see Chapter II).  If an expelled VIT was located 

near a female, the VIT was retrieved later to prevent disturbing the doe and her potential fawn(s).  

Continued observations of that female were performed to identify and locate fawns (see below). 

After an expelled VIT was confirmed, females were observed from concealed locations 

(500–1000 m away; trucks were used as blinds from roads to observe females; N. Quintana, 

NMDGF, personal communication) using binoculars or spotting scopes.  Opportunistic captures 

also occurred where females without VITs also were observed to identify locations of fawns (i.e., 

distended udders, staying in one area, circling, snorting at observers, etc.).  These observations 

were used to determine (1) if the female had indeed given birth) and (2) identify the location of 

her fawn(s) for capture efforts. Females were observed from a distance until they revealed fawn 

location(s).  In instances where females were observed continuously for 4 hours and no fawns 

were detected or located, female observations were terminated, and reinitiated the following day 
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(if the female had VIT).  If a female detected an observer and spent > 15 min watching the 

observer or agitated, the observations were terminated, and reinitiated the following day. 

Once a fawn was observed and its location identified, capture procedure following Smith 

et al. (2013), with ≥ 2 person teams.  One person watched the female and waited for her to 

interact with her fawn(s), until fawns bedded.  The capture team waited for the female to move 

>5 m from the fawn to improve the probability that she would run away to draw the capture 

team’s attention rather than initiate interactions with the fawn to escape together.  Capture teams 

walked to the fawn location, and when it was seen, 1 person kept the bedded fawn’s attention 

while the other circled behind to capture the fawn from behind following Byers (1997b).  A 2.4 

m telescoping handle, custom ordered funnel shaped landing net with 12.7 mm mesh with a max 

depth of 61 cm, was used to  improve capture success probability  (Loki Nets, Knoxville, TN, 

USA; Fairbanks 1993, Johnson et al. 2013, Van Vuren et al. 2013, Seidler et al. 2014). 

After capture, fawns were blindfolded, placed in a pillowcase and weighed (to nearest 0.5 

kg) with a digital scale.  All fawns were handled using sterile gloves.  Each fawn was outfitted 

with an ear tag radio transmitter with a 2 hr mortality switch (M3420, 20g, Advanced Telemetry 

Systems, Inc., Isanti, Minnesota, U.S.).  Sex, umbilicus (presence/ absence and condition), total 

body length (cm; from tip of nose to base of tail along the spine), chest girth (cm), hind foot 

length (cm), and hoof growth and wear (mm) was recorded for each captured fawn (Sams et al. 

1996a, Weaver 2013, N. Quintana, NMDGF, personal communication), as was capture site 

location using GPS.  If a fawn struggled excessively, and kept vocalizing, an ear tag transmitter 

was attached, and morphological data collection were limited to include mass (kg) and sex and 

umbilicus condition (if present).  
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Fawn Survival and Cause-specific Mortality 

In 2014, fawn monitoring occurred twice daily after transmitter attachment, once in 

morning and once in afternoon, to determine each individually marked fawn’s status (i.e., alive 

or dead) via transmitter signals.  Fawn monitoring continued until 22 July 2014.  When mortality 

signals were detected, the site around the transmitter was examined carefully for evidence of 

predators (i.e., scat, tracks, fur, etc.) or other possible causes of mortality, following similar 

protocols outlined above for adults.  Potential predators of fawns at the study site include 

coyotes, golden eagles (Aquila chrysaetos), black bears and bobcats (Bodie 1978, O’Gara and 

Shaw 2004, Barnowe-Meyer et al. 2009).  Necropsies were performed on any fawn mortality 

using criteria outlined by O’Gara (1978) and Wade and Bowns (1982), following the same 

procedures outlined for adults (see above).  Fawn mortalities were classified as caused as 

“definite predation” if subcutaneous hemorrhaging, crushed skulls or both were observed on 

carcasses (McCoy et al. 2013).  Fawn mortalities with broken bones and puncture marks were 

classified as “probable predation”.  If only an ear tag, blood or broken bones were found, 

mortalities were classified as “unknown” because no specific evidence of predation was found. 

Fawn predation (both definite and probable) was classified to predator type based on the type of 

caching (if present) exhibited at a mortality site.   

Fawn monitoring (i.e., alive or dead status) was performed twice daily when possible in 

2015.  Signal status was recorded and attempts to obtain visual locations of fawns were made 

using binoculars and spotting scopes.  Fawn monitoring continued until 12 July 2015, and 

investigations of mortality signals in 2015 followed identical protocols outlined above in 2014. 
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DATA ANALYSIS 

Adult Survival 

Adult survival estimates were first calculated using a Kaplan Meier staggered entry 

approach (Kaplan and Meier 1958, Pollock et al. 1989) to provide consistent reference to 

previously published pronghorn survival estimates.   

Survival models for translocated adult pronghorn were estimated using the known-fate 

model, with a logit-link function, in Program MARK (White and Burnham 1999).  The known-

fate model assumes that status of an individual is known (i.e., either dead or alive) for each time 

interval of interest, and provides a survival probability estimate for each individual during that 

specific temporal interval.  This approach also provides the latitude to censor individuals during 

intervals in which an individual is not heard or goes missing, but allows for reinsertion of a 

specific individual into the dataset if (or when) an individual is re-discovered alive (White and 

Burnham 1999). 

Survival probability models for adult pronghorn captured and translocated in 2013 and 

2014 were built using survival-monitoring data from January to August 2013 and 2014, 

respectively, to estimate “translocation year” survival.  Similarly, “year post-translocation” 

survival probability models were built using monitoring data from January to August 2014, for 

those individuals translocated in January 2013.  Akaike’s Information Criterion corrected for 

small sample size (AICc), ∆AICc values, and model probability (wi) were used to select the best 

model (see below; Anderson 2008).  Models with a ∆AICc ≤ 2 were considered competing and 

variable weights were calculated to assess relative covariate importance among the most 

parsimonious competing models (Burnham and Anderson 2002). 
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A set of a priori models, were developed based on adult pronghorn biology and ecology 

to assess the influence of a suite of potentially relevant environmental covariates on translocated 

adult pronghorn survival.  For example, precipitation was used a covariate because it may 

indirectly influence adult pronghorn survival as related to forage quality or forage growth that 

might influence body condition.  Similarly, temperature can be correlated with precipitation and 

resulting forage quality, both high and low temperature extremes were used as covariates in 

survival models.  Vapor pressure deficit (VPD) is a reliable indicator of the amount of moisture 

available in the atmosphere given both temperature and relative humidity data, and is a better 

indicator of environmental aridity (B. Grisham, Texas Tech University, personal 

communication), which is related to forage conditions that may influence pronghorn survival.  

Since no specific forage data were collected during this study, VPD was used as a proxy for this 

as a covariate in survival modeling.  Collectively, the following covariates were used in survival 

models:  total precipitation (mm), mean deviation from minimum temperature (°C), mean 

deviation from maximum temperature (°C), and mean vapor pressure deficit (mmHg; see Table 

1.1).  Each of these covariate data sets were calculated for the following temporal periods from 

locally available data near Fort Stanton:  (a) October – December 2012 and 2013, (b) January – 

March 2013 and 2014, (c) April - June 2013 and 2014, and (d) July – August 2013 and 2014.  

These temporal periods were identified to reflect “site conditions” at Fort Stanton (a) prior to 

translocation, (b) immediately after translocation, (c) during fawning, and (d) post-fawning 

periods, respectively, for both the “translocation year” and “year post-translocation” adult 

pronghorn survival probability models. 

Precipitation data were obtained from National Oceanic and Atmospheric Administration 

(NOAA) for the station LINCOLN 1.4 ESE, NM US located in Lincoln, NM (33.4833N, -
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105.3629W) at an elevation of 1809 m and 13.4 km from the translocation release area (NOAA 

2015a).  Total precipitation (mm) values were summed per month, to calculate a cumulative total 

precipitation value (mm) for the aforementioned temporal periods (October-December, January-

March, April-June, and July-August).  Temperature data were obtained from Smokey Bear 

Remote Automated Weather Station (RAWS) COPN5 (33.3718N, -105.6715W) at an elevation 

of 2161 m and 24.9 km from the translocation release area (NOAA 2015b).  Data were used 

from the Smokey Bear RAWS because it was the nearest weather station, with the most complete 

record for 2013-2015.  Potential data from the RAWS station at the Fort Stanton Airport were 

examined, but the station was down for maintenance at the end of 2014 and useable data for this 

time period were unavailable (Randy Howard, Bureau of Land Management, personal 

communication).  Data from Roswell #1 RAWS (33.2335N, -103.0056W) located at the Roswell 

Airport were not used, as it is located 146 km from Fort Stanton, and is nearly 600 m lower in 

elevation.  Daily high and low temperatures were averaged for each month, and then compared 

to 70 year average temperature data to estimate monthly deviations (positive or negative) from 

long term temperature trends (Western Regional Climate Center 2013).  These same temperature 

deviations were averaged to calculate a minimum and maximum temperature deviation estimate 

for each of the aforementioned temporal periods (October-December, January-March, April-

June, and July-August).  Mean VPD was calculated by using relative humidity data obtained 

from the Smokey Bear RAWS.  Relative humidity and temperature were used to estimate an 

average monthly vapor pressure deficit (VPD, mmHg).  Vapor pressure deficit is the difference 

between the amount of water vapor actually present and the amount present at the saturation 

point at the same temperature, and provides a direct measure of atmosphere moisture 

independent of temperature and is related to regional evapotranspiration (Anderson 1936).  
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When VPD approaches zero, air vapor approaches saturation, meaning a comparatively high 

VPD indicates a lower level of air saturation (van Rooyen et al. 2015).  A monthly VPD was 

calculated by finding the difference between the saturation vapor pressure and the actual vapor 

pressure at known temperatures.  These monthly VPDs were used to calculate mean VPDs for 

each of the aforementioned temporal periods (October-December, January-March, April-June, 

and July-August).  

Fawn Survival 

Similar to adult survival estimates, fawn survival was first calculated using the Kaplan 

Meier staggered entry approach for both 2014 and 2015 (Kaplan and Meier 1958, Pollock et al. 

1989). 

A set of a priori models were developed based on pronghorn fawn biology and ecology 

using scientific literature and used to assess pronghorn fawn survival at the site.  Covariates used 

during analyses included fawn mass (kg) at capture, total precipitation (mm), mean minimum 

and maximum temperature (°C) from date of capture to last day of individual fawn monitoring, 

and mean VPD (mmHg) from date of capture to last day of individual fawn monitoring (Table 

1.2; see above). 

Fawn survival probability models were constructed using nest survival (i.e., using the 

daily survival rate), with a logit-link function in Program MARK to estimate (a) daily survival 

rates and (b) apparent survival rates (White and Burnham 1999, Rotella 2007).  Individual fawn 

survival was calculated using an “exposure period”, starting with the date of capture to either (a) 

it was known dead or (b) the last day of fawn survival-monitoring data were collected (i.e., 22 

July 2014 and 12 July 2015).  Individual encounter histories were created for each fawn using 

the capture date (i), the last day the fawn was known alive (j), the last day the fawn was 
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monitored (k), fawn fate (0 = survived or 1 = deceased), and the frequency of fawns that shared 

identical encounter histories (McCoy et al. 2013, Rotella 2007).  Each day of monitoring was 

(particularly from 2014 when twice-daily monitoring occurred) collapsed into a single “known 

fate” for each day, as these survival models provide daily survival probabilities, precluding use 

of >1 daily status entry.  Akaike’s Information Criterion corrected for small sample size (AICc), 

∆AICc values, and model probability (wi) were used to evaluate model fit, covariate influence on 

survival, and inclusion in competing parsimonious models (see below; Anderson 2008).  Models 

with a ∆AICc ≤ 2 were considered parsimonious.  Covariate weights were calculated and used to 

assess relative covariate importance for competing models (Burnham and Anderson 2002). 

Fawn survival models included covariates that were hypothesized to influence fawn 

survival (see above).  Each of these covariate data sets were calculated for each fawn from date 

of capture until date of death (or last day monitored), except for fawn capture mass which was 

measured during fawn capture. Precipitation was modeled also modeled for three different 

temporal periods:  (a) October – December 2013 and 2014, (b) January – April 2014 and 2015 

and (c) May- July 2014.  These temporal periods were identified to reflect “site conditions” at 

Fort Stanton (a) prior to adult translocation, (b) immediately after adult translocation, (c) 

fawning period, and (d) post-fawning periods, respectively, for both 2014 and 2015, similar to 

adults.  Identical weather-based covariate data were obtained and derived identically as described 

for adult survival covariate data (see above).  
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RESULTS 

2013 Adults:  Survival in Year of Translocation 

 In 2013, 75 pronghorn were translocated to Fort Stanton (Table 1.3).  These pronghorn 

were marked with an uniquely identifying ear tag, where 50% (n = 37) were fitted with very high 

frequency (VHF) radio-collars (Advanced Telemetry Systems, Inc., Isanti, Minnesota, USA and 

Sirtrack, Havelock North, NZ).  Of the 75 pronghorn translocated, 50 were female (n = 30 with 

collars) and 25 were male (n = 7 with collars).  The 37 collared adult pronghorn were monitored 

from 17 January to 21 August 2013.  Two uncollared females died in transit and three other 

pronghorn (1 female, 2 males) died in the first two weeks, of which one male was collared and 

subsequently censored from any survival analysis.  From 17 January to 21 August, 10 collared 

adult pronghorn (1 male, 9 females) died, and were used in survival analyses (Figure 1.8).  Cause 

of death for these adults included mountain lion predation (10%), probable coyote (20%), and 

unknown (70%) (Tables 1.3; 1.4).  The mountain lion predation was confirmed by the presence 

of the pronghorn carcass in pieces and cached beneath dirt and debris (O’Gara 1978, Wade and 

Bowns 1982; Figure 1.9).  Those individuals succumbing to unknown predation were likely by 

coyotes, based upon the presence of drag trails and pronghorn appearing to have been attacked 

from behind, but this could not be confirmed (Wade and Bowns 1982; Table 1.4).  Unknown 

mortalities were a result of lag time between actual mortality and collars switching to mortality 

signal (due to movement of collar by either predators, scavengers or both), resulting in minimal 

definitive evidence of mortality causes surrounding carcass sites, as well as heavily scavenged or 

decomposed carcasses or both (Figure 1.10). 

 The Kaplan-Meier survival estimate for adult pronghorn translocated in 2013 was 0.67 

(95% CI 0.47-0.87; Table 1.5).  The initial MARK survival model set contained no parsimonious 
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models and no covariates that influenced adult pronghorn survival in 2013 (Table 1.6).  All 

ΔAICc values were < 2, with model probabilities < 0.05, which confirmed the lack of any 

covariate influence on translocated adult pronghorn survival at Fort Stanton in 2013.  Apparent 

survival for adult pronghorn in 2013 was 0.68 (SE + 0.08); where female survival was 0.64 (SE 

+ 0.10) and male survival was 0.83 (SE + 0.15; Table 1.7). 

2013 Adults in 2014:  Survival in Year Post-Translocation 

In January 2014, a total of 10 animals (8 females; 2 males) from 2013 remained alive 

with functioning collars (Table 1.8).  Three pronghorn from 2013 were found dead at the 

beginning of the 2014 monitoring period.  These individuals had still been alive at the end of the 

2013 season, placing their date of mortality between the two study seasons.  By the time these 

collars were retrieved, no evidence indicating cause of mortality existed, and these individuals 

were excluded from any year post-translocation survival estimates. 

Only one adult mortality (female) of a 2013-translocated pronghorn was detected during 

the monitoring period in 2014 (Figure 1.8).  This female was found north of Fort Stanton, but 

sufficient decomposition of the body precluded identifying cause of death (Table 1.9).  Kaplan 

Meier survival estimates for the 2013 pronghorn one year post translocation was 0.83 (95% CI 

0.89-1.04; Table 1.5).  The initial candidate model set contained no parsimonious models and no 

covariates that influenced adult survival one year post translocation (Table 1.10).  All ΔAICc 

values = 0.63 except for S(g) (variation between pronghorn groups, i.e. variation between 

females and male) with AICc = 0.  All model weights < 0.06 indicating a clear lack of any 

covariate influence on adult survival one year post translocation in 2014.  There was some 

evidence of minimal influence of sex on adult survival one year post translocation, as no adult 

males died during the one year post translocation monitoring window (see below; Table 1.10).  
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Seasonal survival for adult pronghorn one year post translocation was 0.91 (SE + 0.06), where 

female survival was 0.88 (SE + 0.08) and male survival was 1.00 (SE + 0.00) (Table 1.7).  

However, the aforementioned male “influence” was from two males whom survived the entire 

monitoring period in 2014. 

2014 Adults: Year of Translocation 

 In 2014, 69 pronghorn were translocated to Fort Stanton (Table 1.11).  These pronghorn 

were marked with an uniquely identifying ear tag, where 37 were fitted with very high frequency 

(VHF) radio-collars (Advanced Telemetry Systems, Inc., Isanti, Minnesota, USA and Sirtrack, 

Havelock North, NZ).  Of the 69 pronghorn translocated, 33 were female (n = 27 with collars) 

and 36 were male (n = 10 with collars). Ten pronghorn died in the first two weeks and were 

censored from the survival analysis (Table 1.11).  Seven of these pronghorn (2 females, 2 males; 

4 with collars) died in transit from the capture site to the release site on 15 January 2014.  The 

other three pronghorn mortalities (2 females, 1 male), all with collars, were found dead in the 

first two weeks and were censored from further analyses.  One of these mortalities was a female 

who struggled to exit the trailer at release and as found dead the following morning on 16 

January 2014.  A total of 30 collared adult pronghorn were monitored from 16 January to 14 

August 2014.   

 Only one adult female mortality was documented after 30 January 2014, and was found 

on 13 July 2014 (Figure 1.8).  This doe was observed limping after both of her fawns were found 

dead, one on 6 July 2014 and one on 7 July 2014. She was monitored closely after her injury was 

first observed, and was found dead four weeks later. The final cause of her death was labeled 

unknown as only a few pieces were found including a leg and some fur (Table 1.12).    
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 Kaplan Meier survival estimates for adult pronghorn translocated in 2014 was 0.96 (95% 

CI 0.89-1.04; Table 1.5).  The initial candidate model set contained no parsimonious models and 

no covariates that influenced adult pronghorn survival in the year of translocation in 2014 (Table 

1.13).  Some ΔAICc values were > 2, but model probabilities were < 0.09, which confirmed the 

lack of any covariate influence on year of translocation adult pronghorn survival in 2014.  

Seasonal adult survival in 2014 was 0.95 (SE + 0.05), where female survival was 0.94 (SE + 

0.06) and male survival was 1.00 (SE + 0.00) (Table 1.7). 

2014 Fawn Survival 

 Fawns were born from approximately 22 May to 20 June 2014.  During that period 29 

fawns were captured and radio-marked (Figure 1.11).  Mean fawn mass was 3.29 kg (Table 

1.14), where most fawns were captured between 2-3 days after birth.  Mean fawn mass for 

individuals that were known to be 1-2 days old, was 3.17 kg (n = 14), whereas mean fawn mass 

for those captured > 2 days was 3.41 kg (n =15).  A total of 7 sets of twins were known to have 

been born in 2014, where at least one individual from those sets of twins was captured. 

 All 29 fawns captured died during the monitoring period (i.e., by 22 July 2014; Figure 

1.11).  The oldest known fawn survived a maximum of 42 days.  Distribution of pronghorn fawn 

mortality in 2014 showed no specific temporal peaks (Figures 1.12; 1.13; 1.14).  Of the 

mortalities, 19 were attributed to predation, nine were unknown, and one fawn died from an 

infection after predator wounds failed to heal (Table 1.15).  In the case of the unknown 

mortalities, limited evidence was present, where only an ear tag, blood or bone fragments were 

discovered.  Of the 19 mortalities attributed to predation, 10 were confirmed as such, as 

carcasses exhibited hemorrhaging, crushed skulls or both (Figures 1.15; 1.16).  No evidence of 

golden eagle predation (ribs clipped, hollowed out carcasses or talon punctures) nor black bear 
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predation (carcasses turned inside out, bites on neck, shoulders and back with corresponding 

claw marks, broken backs of carcasses at the hips, wallowed down vegetation and bear 

droppings) was present on carcasses or at mortality sites (O’Gara 1978, Wade and Bowns 1982). 

Therefore, the remaining potential predators at the site were coyotes and bobcats.  Specific 

predators were deduced based upon how the fawn carcass was cached (Table 1.16).  There were 

two types of caches observed during this study; those where carcasses were (1) covered or buried 

in packed (manicured) dirt (Figure 1.22) or (2) covered with leaves, sticks and other litter (Figure 

1.23; Cooke et al. 1971, Garner et al. 1976, Roy and Dorrance 1976, O’Gara 1978, Trainer et al. 

1983, Ockenfels et al. 1992).  Four fawn mortality events were identified as caused by bobcats 

and three were caused by coyotes.  Three other clear predation events were classified as 

“unknown”, as fawn carcass remained were not found cached.  The remaining nine fawn 

mortalities had puncture wounds, bite marks or broken bones and were identified as probable 

predation (Figure 1.17; Table 1.18), where three were identified as “probable bobcat”, four as 

“probable coyote”, and two as unknown predation. 

 The Kaplan Meier survival estimate for pronghorn fawns in 2014 was 0.00 (95% CI 0.00-

0.00; Table 1.18).  From the set of candidate daily survival models in MARK, the most 

parsimonious model included S(Precip+VPD+Max) with a model weight of 0.52 (Table 1.19).  

The next best model, S(AvgMin), received less support (ΔAICc = 2.30,  model weight = 0.16).  

Model averaging was used across all models (Burnham and Anderson 2002), where fawn 

survival in 2014 increased as average VPD and maximum temperature decreased, indicating 

greater daily fawn survival when it is cold and wet (in terms of saturation in the air).  However, 

in such instances in which no known survival occurred (i.e., all 29 fawns died during 

monitoring), these model results are not particularly reliable.  This is supported by the derived 
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survival estimates in 2014, where cumulative fawn survival was fawns was 0.01 (SE + 0.1) and 

daily survival was 0.92 (SE + 0.01; Table 1.20). 

2015 Fawn Survival 

Fawns were born from approximately 3 May to 9 June 2015, where a total of 30 fawns 

were captured and radio-marked (Figure 1.18; Table 1.21).  Mean fawn mass was 3.49 kg (Table 

1.14), and similar to 2014, most fawns were captured when they were 2-3 days old, where 

observations and VIT PET codes were used to narrow down birth times to approximate day 

when possible.  Average mass of fawns 1-2 days old was 3.09 kg (n = 13) while average fawn 

mass of fawns > 2 days old at capture was 3.77 kg (n = 18).  Similar to 2014, there were fawns 

that were > 4.0 kg (n = 7) were all > 2 days old.  In 2015 a total of 8 verified twin births 

occurred. 

Fawns were monitored until 12 July 2015.  Six fawns remained alive, and 24 fawns died 

prior to the end of the monitoring period (Figure 1.18; Table 1.20).  One fawn was censored from 

survival analyses, as transmitter signals were not heard during the final three weeks of 

monitoring.  Cumulative fawn mortality gradually increased to 77% over time (Figures 1.19; 

1.20), with no specific temporal peaks in mortalities (Figure 1.21), similar to relatively consistent 

cumulative mortality patterns observed in 2014. 

Nineteen mortalities were attributed to predation whereas five succumbed due to 

unknown reasons in 2015 (Table 1.16).  Limited evidence was present where unknown 

mortalities were found (i.e., an ear tag, blood or bone fragments).  Fawn mortalities (n = 19) 

attributed to predation exhibited either hemorrhaging, crushed skulls or both (Table 1.22).  Of 

the six mortalities confirmed as predation, one was attributed to bobcat, one was attributed to 

coyote and four died from unknown predation (Table 1.16).  The remaining 13 mortalities had 
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puncture wounds, bite marks or broken bones and were deemed as succumbing to probable 

predation (Table 1.16; 1.22).  Seven of these were identified as “probable” coyote, and six were 

identified as unknown (Table 1.16). 

The Kaplan Meier survival estimate for fawns in 2015 was 0.02 (95% CI 0.01-0.04) 

(Table 1.18).  From the set of candidate daily survival models, the most parsimonious model 

included S(AvgMin) with a model weight of 0.43 (Table 1.23).  The next best model, 

S(Precip+VPD+Min), received less support (ΔAICc = 2.02,  model weight = 0.16; Table 1.23). 

Model averaging was used across all models (Burnham and Anderson 2002) where fawn survival 

in 2015 was not strongly influenced by the covariates.  The overall survival model after model 

averaging was logit(survival) = 1.35 + (0.05) (Mass) + (0.05) (PrecipOD) + (0.00)(precipJ-A) + 

(0.00)(precipM-J) + (0.07) (AvgVPD) + (0.24) (AvgMin) + (0.04) (AvgMax).  Derived survival 

for fawns in 2015 was 0.04 (SE + 0.3) while daily survival was 0.95 (SE + 0.01) (Table 1.20). 

DISCUSSION 

Annual adult survival in most non-translocation pronghorn studies has been close to 

100% (Canon 1993, Sawyer and Lindzey 2000, Jacques et al. 2007, Keller et al. 2013), and 

translocated adult survival in this study was also high (68-96%), depending upon how survival 

estimates were partitioned.  Adult survival in non-translocated pronghorn in Wyoming ranged 

from 84-97% (Sawyer and Lindzey 2000), and in South Dakota ranged from 83-100% (Jacques 

et al. 2007).  Survival of non-translocated pronghorn in an unharvested population in South 

Dakota was 80% for females and 76% for males (Keller et al. 2013).  Survival estimates for the 

year of translocation at Fort Stanton (68% in 2013 and 94% in 2014) are similar to pronghorn 

translocated from the Panhandle to the Trans Pecos region of Texas, which was estimated to be 

76% and 70% for 2013 and 2014, respectively (O’Shaughnessy et al. 2014), although no survival 
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estimates were provided for adults the year post translocation.  These adult survival estimates 

were much greater than previous pronghorn translocation efforts in the Trans Pecos (18% in 

2011, Hoffman 2015).  However, the 2011 translocation occurred during the year of the most 

significant drought in Texas history and was clearly influenced by large-scale issues related to 

drought and habitat conditions during that year (Nielson-Gammon 2011). 

Similarity of survival estimates in both year of translocation and the year post 

translocation in this study (74% of 2013 animals in 2014) as compared to other published 

estimates of translocated (O’Shaughnessy et al. 2014) and non-translocated (Canon 1993, 

Sawyer and Lindzey 2000, Jacques et al. 2007, Keller et al. 2013) adult pronghorn survival, 

confirms that translocation of adult pronghorn was successful in this study.  Translocation 

success is also supported by the lack of any MARK survival models that included relevant 

climatic covariates for either 2013 or 2014, indicating that adult survival was high and 

independent of any of potentially relevant environmental covariates used in MARK models.  

Beyond relatively high adult survival, dispersal of adults from Fort Stanton into neighboring 

areas was limited.  Adults remained in relatively close proximity (14 km from the release site), 

and some individuals that were known to have departed the immediate Fort Stanton area returned 

within the same monitoring year.  Although some radiocollar failure limited the ability to track 

some animals 2013, it is possible some animals departed permanently, or returned, but were not 

documented. 

Despite the apparent success of pronghorn translocation for adults, fawn survival 

estimates in this study clearly indicate that maintenance and persistence of this translocated 

pronghorn population, via recruitment, is in doubt, as evidenced by fawn seasonal survival 

estimates of only 1% and 4% in 2014 and 2015, respectively.  Fawns were not captured in 2013, 
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but a fawn to doe ratio of 6:100 was estimated by NMDGF during late summer pronghorn 

composition aerial surveys (R Darr, unpublished data), indicating that fawn production was 

negligible in 2013.  Similarly, in 2014, an 8:100 fawn:doe ratio was estimated, which mirrors the 

lack of any fawn survival estimated from radiotagged individuals in this study.  However, in 

2015, the aerially estimated fawn:doe ratio increased to 37:100 (R. Darr, unpublished data), 

which seems to contradict the estimated season fawn survival that was marginally better than in 

2014.  However, in 2015, capture efforts were focused in some areas (due to ranch permission 

access and logistical restrictions) upon only those fawns that were definitively associated with 

radiocollared dams, which precluded opportunistic fawn captures (see Chapter II) for individual 

fawns that may (or may not) have been associated with translocated does.  However, these aerial 

estimates do indicate some improvement in fawn production, albeit not necessarily survival.  

Eventual recruitment into the population from 2015 fawn production remains unknown, but 

should be evident upon further monitoring efforts in subsequent years. 

In the southwestern U.S., fawn:doe ratios tend to be less than in other geographic regions 

(Yoakum et al. 2014).  Recruitment rates tend to decline with distance from regions with the 

greatest pronghorn densities in North America (southeastern Montana, southwestern North 

Dakota, western South Dakota and Wyoming) with the lowest recruitment rates reported for 

Arizona and Texas (no rates were reported from New Mexico; Vriend and Barrett 1978, Jones 

and Yoakum 2010).  Although fawn:doe survey techniques vary among states, precluding 

definitive comparisons, in Arizona fawn:doe ratios of 30:100 to 40:100 are used to guide 

management actions throughout the state (Arizona Game and Fish Department 2013, Yoakum et 

al. 2014).  For example, when fawn:doe ratios are < 30:100 in a management unit, the number of 

hunting permits are reduced, whereas when fawn:doe ratios > 40:100, hunting permits are 
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increased for that unit (Arizona Game and Fish Department 2013).  Despite a fawn to doe ratio 

of 37:100 observed in this study, the estimated fawn survival remains extremely poor.  In fact, 

fawn survival estimates in this study are lower than any other published study estimating fawn 

survival from either translocated or native female pronghorn (Table 1.24).  For example, 

estimated fawn survival from translocated does was 10.5% in 2011 in the Trans Pecos, during 

the year of a once a century drought in Texas, and 16.3% the following year (Weaver 2013).  Not 

only is this not much different from estimates ~20 years prior, where fawn survival ranged from 

6-21% for fawns captured from native does in the same region (Canon 1993), all of these 

estimates are greater than the 1-4% survival estimates in this study, despite being coincident with 

the worst annual drought since 1895 (Nielson-Gammon 2011).  This is relevant to pronghorn 

population stability at Fort Stanton, as such poor fawn survival provides little immediate 

recruitment, may eventually compromise breeding potential, population expansion and 

persistence, particularly for translocated populations (Gaillard et al. 2000, Kohlmann 2004, 

Raithel et al. 2007). 

Although fawn survival may vary dramatically among years, regions, and native or 

translocated doe status (Ellis 1972, Beale and Smith 1973, Canon 1993, Weaver 2013, Gregg et 

al. 2001), pronghorn reproductive output is considered to be remarkably consistent among years, 

where two fawns per doe is considered “normal” (Vriend and Barrett 1978, Byers 1997a).  In 

2014, 16 translocated females were observed with fawns, and 7 (~45%) were known to have 

given birth to twins, while 7 (~30%) females were known to have twins in 2015.  Unfortunately, 

no data are available from the ultrasound scans during capture in either year to determine how 

many of these does were carrying twins at the time of capture in January.  Also, near immediate 

mortality of neonate fawns is not known in this study (see Chapter II), which precludes further 
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clarification of doe twinning in this translocated population.  Neonate survival from birth to 

recruitment is a critical factor regulating ungulate populations (Gaillard et al. 1998, Gaillard et 

al. 2000), where the estimated low fawn survival in this study clearly indicates that population 

maintenance and expansion may continue to be a conservation concern.  

A component of current and future survival probabilities for pronghorn fawns has often 

been identified as fawn mass at birth (or capture).  Although fawn mass was not an important 

covariate in any fawn survival MARK models, fawns mass may reflect other habitat or condition 

related stresses to care-giving does (Barnowe-Meyer et al. 2011).  Exclusion of fawn mass as an 

explanatory covariate in fawn survival models may be resulting from two scenarios.  First, as 

fawn survival was negligible in both years, inclusion or exclusion of any potentially explanatory 

covariate is likely spurious and unreliable.  Second, the numbers of fawns captured and 

monitored (comparatively low in both years) coupled with marginal variation in fawn masses at 

capture, may have precluded any modeling efforts to capture variability or associate mass with 

survival in either a positive or negative manner.  Fawn mass for fawns born to translocated does 

in 2014 was 3.05 kg while fawn mass of native fawns was 3.37 kg.  In 2015, however, average 

fawn mass for those born to translocated does was 3.60 kg;  greater than the average 3.36 kg of 

native fawns.   However despite year to year differences, fawn mass in this study were 

comparatively lower than reported in other studies (McNay 1980, Von Guten 1978, Autenrieth 

and Fichter 1982, Trainer et al 1983), where 34% (n = 10) individuals in 2014 and 23% (n = 7) 

in 2015 were < 3 kg at capture.  For reference, mean fawn mass of 4.5 kg was reported at 

HMNWR (Gregg et al. 2001), which was speculated to be “normal” and consistent with other 

studies (McNay 1980, Von Guten 1978, Autenrieth and Fichter 1982, Trainer et al 1983).  

However, most estimates of fawn body mass > 4 kg were from studies in more northerly 
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latitudes, such as Oregon, Idaho and Montana (Von Guten 1978, McNay 1980, Autenrieth and 

Fichter 1982, Trainer et al 1983), and mean fawn mass was < 4 kg in both years of this study.  

Despite Gregg et al.’s (2001) assertion that 4.5 kg was “normal”, estimated fawn mass was 

slightly greater than 3 kg in YNP (Barnowe-Meyer et al. 2011), and averaged 3.8 kg in 2012 in 

the Trans Pecos region of Texas, more than half again as great as was estimated in 2011 (2.4 kg) 

during the aforementioned drought (Weaver 2013).  Clearly, fawn mass is variable, and reliable 

reporting is dependent upon day of capture as related to fawn age, as well as environmental 

conditions during the weaning period.  Although some marginal increases in fawn mass were 

observed in 2015, there are no other current regional estimates of “normal” fawn mass to deduce 

if these estimates of comparatively low fawn mass may be compromising fawn survival at Fort 

Stanton. 

Coupled with fawn mass, potential limiting factors influencing fawn survival may be 

related to both doe and fawn diet and nutrition (Beale and Smith 1970, Linnell et al. 1995, Sams 

et al. 1996b), as a result from a carry-over effect reflecting doe condition at the time of breeding, 

but also during the weaning and post-weaning period for the fawns (Ellis 1970, Heffelfinger et 

al. 1999, Bright and Hervert 2005).  For example, poor maternal diet quality or reductions in diet 

quality for long periods of time may negatively influence fawn mass at birth, and subsequent 

survival (Price and White 1985).  Fawn survival at the Corona Range and Livestock Research 

Center, NM, was positively associated with adult female condition (measured using 

subcutaneous fat thickness at the rump), where the probability of fawn survival was greater for 

those associated with females in better condition (Bender et al. 2013).  This is analogous to other 

studies of ungulates in which offspring survival is positively correlated with maternal condition 

(Keech et al. 2000, Shallow et al. 2015).  Currently, no data exist to estimate doe condition after 
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translocation during the remainder of their pregnancy, nor do any current estimates of habitat and 

forage quality and quantity exist for Fort Stanton.  Future monitoring efforts focused upon 

pronghorn population persistence, expansion, and recruitment should include attempts to more 

clearly examine forage and habitat quality as related to doe and fawn condition and survival. 

Beyond simple estimates of mass and other climatic variables, timing of fawning is also a 

relevant component of fawn survival.  In the current study, fawns were born from 22 May to 20 

June in 2014, and 3 May to 9 June in 2015, indicating significant overlap in birth timing in both 

years, with some apparent annual variation between years (see Chapter II for discussion of 

challenges with identifying fawn birth timing in 2014).  Regardless of potential annual variation 

in this study, fawn birth timing in this study was similar to other studies, where most reported 

observing and capturing fawns between May and June throughout the entire geographic range 

(Von Gunten 1978, Barrett 1981, Canon 1993, Rothchild 1993, Gregg et al. 2001, Jacques and 

Jenks 2007, Barnowe-Meyer et al. 2011, Weaver 2013).  For example, Johnson (2014) captured 

fawns in California from mid-April to mid-May, while Sievers (2004) captured fawns from May 

to July, indicating that some regional variation exists in pronghorn fawn birth timing.  One 

notable exception to these generalized birth timings exists for Sonoran pronghorn (A. a. 

sonoriensis), where Bright and Hervert (2005) captured fawns from February to April, although 

this population exists in the southernmost portion of North America, in a warmer and drier 

geographic locale than other regions. 

Given that some potential latitudinally driven specificity exists in pronghorn fawn birth 

timing, and perhaps survival, the suite of climatic covariates used in this study were designed to 

potentially associate fawn survival with these metrics.  Again, similar to the lack of any 

influence of fawn mass influencing fawn survival in this study, the derived climatic covariates 
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provided little additional explanatory information for fawn survival.  If any such relationships 

exist, detection of them in the current study was likely (again) precluded by marginal fawn 

survival estimates reported herein, coupled with the comparatively few individuals used to 

estimate fawn survival.  The only potentially interesting, or perhaps informative climatic 

covariates were VPD and average maximum temperature, where there was some support for 

VPD and average maximum temperature being negatively correlated with fawn survival.  As 

VPD decreases, air vapor becomes more saturated, where in this instance, the less arid the 

environment, fawn survival may be better.  Widespread and regional drought coupled with 

localized minimal precipitation can limit pronghorn in their southern geographic range 

(Autenrieth et al. 2006).  However, the greatest pronghorn densities occur when mean annual 

precipitation is 28-30 cm, whereas populations that exist beyond this optimal range tend to have 

poorer, and certainly more variable survival and lower population densities (Sundstrom et al. 

1973, Yoakum 2004, Autenrieth et al. 2006).  Precipitation throughout the pronghorn’s 

geographic range fluctuates annually, and is largely unpredictable in terms of amounts, but not 

necessarily timing.  For example, fawning in this study occurred prior to the relatively 

predictable “monsoon season” in central and eastern New Mexico, which occurs from July to 

September (Douglas et al. 1993, Sheppard et al. 2002) during which Fort Stanton receives 

approximately half of its yearly average of 41.1 cm of precipitation (Western Regional Climate 

Center 2013).  Although precipitation was not a covariate influencing fawn survival in this study, 

average VPD during fawning season and its relationship to both temperature and moisture in the 

air (as related to precipitation) should be considered potentially important environmental indices 

to closely monitor in future efforts.  For example, female condition was positively associated 

with precipitation during and after onset of lactation, but successful fawn weaning also reduced 
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female survival probability the following year, in New Mexico at the Corona Range and 

Livestock Research Center (Bender et al. 2013).  It is unknown if reduced female survival 

probability is simply correlated with successful weaning of fawns the prior year (or correlated 

with or symptomatic) of climatic conditions during those years instead of a poor life history 

strategy for pronghorn in arid environment.  However, malnutrition was the most common cause 

of mortality in that study, coupled with suspected blood endotoxins (Bender et al. 2013), 

indicating that both climatic conditions and poor forage quality may be important drivers of 

female survival, which may then be transferred to potential issues related to pregnancy and 

subsequent fawn survival.  

Winter rainfall has been positively correlated with fawn survival in southern New Mexico 

(Brown et al. 2002), which may mean as winter rainfall increases, forage availability (both for 

food and cover) increases the following spring – and positively influences fawn survival.  

However, fawn survival rates after winters of 50-80 cm precipitation or less were not enough to 

maintain stable pronghorn populations because of low recruitment the following year (Brown et 

al. 2006), indicating that winter precipitation is vital to fawn survival especially in arid regions.  

Winter precipitation and female fawn and yearling male body mass in white-tailed deer also has 

been noted (Campbell and Wood 2013), providing another example of these relationships 

between forage availability and previous winter precipitation.  Although we found no evidence 

for these relationships in the current study, both Bender et al. (2013) and Brown et al. (2002) 

suggest precipitation is likely a potentially limiting factor of adult and fawn survival particularly 

in more arid areas of the Southwest.  Future efforts monitoring pronghorn survival in these areas 

should incorporate some measure of food quality and quantity so as to more clearly elucidate 

these potential relationships. 
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 It should be noted that covariate influences were observed for 2014 models, but not for 

2015 models.  Differences between 2015 and 2014 fawn survival seem to suggest that fawn 

survival is year specific and can be influenced by a variety of factors.  No fawns survived in 

2014 while six fawns survived the monitoring period in 2015.  It possible that these models can 

become highly spurious, and less reliable as survival approaches zero.  For fawns in 2014, daily 

survival rates (DSR) was 0.92 (SE + 0.01) while DSR for fawns in 2015 was 0.95 (SE + 0.01).  

To examine the influence of zero survival in 2014 on survival rates calculated, survival rates 

obtained through Program MARK were re-tested using the Mayfield method which accounts for 

individuals that died or were not detected. (Mayfield 1961, 1975; Rotella 2007).   

Both the Mayfield method and nest survival in Program MARK account for individuals 

that died or failed prior to detection, things that can inflate estimates of young survival or bias 

effects of covariates (Gilbert et al. 2014).  The use of VITs in this study may reduce the number 

of these undetected individuals, but cannot completely account for them either.  The Mayfield 

method uses “exposure period” and assumes a shorter temporal window of exposure for young.  

So, for ungulates that do not recruitment into the population until at ≥ 1 year old  the greater 

number of exposure days used may decrease model-derived survival estimates.  To examine both 

the effect of monitoring period on reports of estimated survival and the zero percent survival 

reported in 2014, Mayfield models were estimated to compare to the 2014 and 2015 MARK-

derived fawn survival, using known exposure days as the total number of days for all individuals 

and length of that exposure period as the number of days from first fawn capture to end of 

monitoring.  Byers (1997a) observed that at 21 days old pronghorn fawns transition from hiding 

to social groups with other fawns, and this was used as the starting length for nest period to 

simulate a time fawns needed to get through this susceptible period, the hiding stage, of their 
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survival strategy.  Using this approach, survival estimates in increments of five days past 21 (25, 

30 etc) were calculated.  Estimates were calculated up to 60 days in 2014 (length of monitoring 

in 2014 was 62 days) and 70 days in 2015 (length of monitoring in 2015 was 71 days).  Survival 

at 21 days was 0.17 for 2014 and 0.39 for 2015 and continued to decline until the end of study 

rates of survival (0.01 in 2014 and 0.04 in 2015).  This indicates length of monitoring of fawns 

did not influence the MARK-derived fawn survival estimates, despite the number of exposure 

days increasing.  Although the Mayfield and MARK survival estimates were confirmed and 

concordant, as fawn survival approaches zero, model reliability declines.  As such, future efforts 

evaluating potentially relevant covariates on fawn survival should include those used in this 

study (and others), as the lack of covariate influence on fawn survival was likely most strongly 

related to the ubiquitousness of fawn mortality, rather than the lack of any single covariate 

influence in this study.   

Cause Specific Mortality 

Most pronghorn fawn survival studies identify predation as the primary cause of 

mortality (Beale and Smith 1973, Canon 1993, Weaver 2013, this study), commonly identified as 

coyotes, golden eagles, bears and bobcats (O’Gara and Shaw 2004).  Cause-specific mortality of 

fawns at the study site was primarily attributed to predators (66% in 2014 and 79% in 2015), 

specifically bobcats and coyotes.  Despite assigning definite predation to fawn mortalities which 

had either crushed skulls or hemorrhaging or both, it was difficult to assume that either puncture 

wounds or broken bones (for fawns that had neither hemorrhaging nor crushed skulls) were 

caused by predation.  Specific and definitive signs of coyote predation behavior (or any other 

predator for that matter) vary tremendously among studies.  Coyotes attacked either the rear of 

their prey or the throat (Ozoga and Harger 1966) or attack the neck of prey and sometimes crush 
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skulls (Wade and Bowns 1982), although bobcats also attack the neck of prey and sometimes 

puncture skulls (O’Gara 1978, Wade and Bowns 1982).  Although bobcats frequently are 

reported to cache their prey (Roy and Dorrance 1976, Cooke et al. 1971, O'Gara 1978) by 

covering it with litter including leaves, branches, snow, loose dirt or debris, or scraped together 

under shrubs (Cook et al. 1971, O’Gara 1978, Wade and Bowns 1982), coyotes have also been 

reported to cache prey as well (Garner et al. (1976), O’Gara (1978), Ockenfels et al. (1992) and 

Trainer et al. (1983).  Although Cook et al. (1971) reported that coyotes scattered prey remains 

and made no attempt to conceal them, Garner et al. (1976), O’Gara (1978), Ockenfels et al. 

(1992) and Trainer et al. (1983) all reported that coyote do indeed cache prey, by covering or 

burying remains in packed (manicured) dirt in a presumable “cache” considered to be much 

neater than those created by bobcats.  In the current study, fawn predation (both definite and 

probable) was classified to predator type based on the type of caching exhibited at a mortality 

site, as most sites with fawn remains were indeed “cached” in this study.  However, there is no 

clear evidence indicating (a) the predator cached or post-kill buried fawns post-kill or (b) if 

caches were created post-mortality by a different species or scavenger hiding fawn parts.  

Regardless, potential kill marks (punctured skulls and neck punctures), signs of definite 

predation (hemorrhaging and crushed skulls) and type of caching (buried or under litter and 

debris) used were used to attempt to discern specific predator identity. 

Predation was the most common cause of fawn mortality in most studies.  For example, 

in Alberta, 27 (of 62 captures) mortalities were attributed to predation, and of those, 21 were 

attributed to coyotes based on carcass site evidence (Barrett 1984).  In the Trans-Pecos region of 

Texas predation also was attributed as the primary cause of fawn mortality (81%), where 82% of 

predation events were attributed to coyotes, whereas the remainder were determined to be from 
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mountain lions, bobcats and golden eagles (Canon 1993).  At Hart Mountain National Antelope 

Refuge (HMNAR) in Oregon 75% of fawn mortalities were attributed to coyotes, which were 

considered a population limiting factor (Dunbar and Giordano 2003).  Contrary to most studies 

where coyotes were identified as the primary predators of pronghorn fawns, bobcats were 

primary fawn predators in Utah (Beale and Smith 1973).  In that study, of 117 fawns captured, 

55 mortalities were recorded, most of which (29) were attributed to predation, primarily bobcat 

(27).  Bobcats were also the primary predator of pronghorn fawns in the Trans-Pecos region of 

Texas, where 10 out of 27 fawns captured (37%) were killed by bobcats. Only 6 out of 27 fawns 

captured that year were assumed to be killed by coyotes. However, predator control efforts 

focused upon coyotes in that region may limit coyote abundance and density, and perhaps alter 

localized predator community structure (Weaver 2013).  Most predation events in this study were 

determined to be either coyote or bobcat although classification of predation type is not definite 

because in no circumstances was the specific kill observed.  However, classification was based 

upon carcass site evidence and carcass features, as well as previously published research 

literature on fawn mortalities.   

Management Implications 

In previous studies with poor fawn survival and primarily predator caused mortality, the 

common management strategy was reduction of predators, specifically coyotes (Connolly 1978, 

Hailey 1979, Smith et al. 1986, Willis 1988, Menzel 1994).  However, most studies have 

determined that the effect of coyote control on pronghorn was minimal, with pronghorn density 

increasing in control areas, but fawn:doe ratios did not mirror those increases (Harrington and 

Conover 2007, Brown and Conover 2011).  Ballard et al. (2001) recommended a removal of at 

least 70% of individuals to be effective, where such a coyote control program must be both 
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intensive and extensive over time and space to be effective (Knowlton et al. 1999).  Predator 

control can result in increased fawn recruitment, but may not result in greater pronghorn herd 

numbers, so management objectives should be well defined prior to deciding to use coyote 

control as a management tool (Knowlton et al. 1999, Yoakum et al. 2004). 

Despite predation being a limiting factor in pronghorn fawn survival and recruitment, 

availability of quality forage is a primary factor in fawn survival (Ellis 1970).  Predator control is 

most effective when the target population is below habitat carrying capacity (Ballard et al. 2001), 

and no estimates of habitat and forage quality exist to estimate potential carrying capacity of the 

surrounding habitat in the current study.  The specific impacts of various environmental factors 

and resulting impacts upon habitat and forage quality as well as pronghorn fawn survival and 

reproduction should be examined further.  For example, an increase in observed fawn:doe ratios 

of 8:100 to 37:100 between 2014 and 2015 occurred without any predator management, which 

does provide some evidence that predator impacts may not be the sole limiting factor for 

pronghorn in the Fort Stanton areas.    
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Figure 1.1.  Location of capture site near Cimarron, New Mexico used to capture adult 

pronghorn for translocation in 2013, 2014 and 2015.  
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Figure 1.2.  Location of release site near Fort Stanton, New Mexico for adult pronghorn 

translocation in 2013, 2014 and 2015.  
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Figure 1.3.  Location of study area near Fort Stanton, New Mexico where adult pronghorn were 

translocated in 2013, 2014 and 2015.  The polygon was estimated by mapping the extent of all 

known telemetry locations in both 2013 and 2014. 
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Figure 1.4.  Climograph depicting long term average temperature (1941- 2014) (° C) and total 

precipitation (mm) at Fort Stanton, New Mexico.  
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Figure 1.5.  Climograph depicting average temperature (1941- 2014) (° C) and total precipitation 

(mm) by month Fort Stanton, New Mexico, 2013.  
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Figure 1.6.  Climograph depicting average temperature (° C) and total precipitation by month 

(mm) at Fort Stanton, New Mexico, 2014.   
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Figure 1.7.  Estimated locations of translocated adult pronghorn near Fort Stanton, New Mexico, 

January-August, 2013 and 2014.   
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Figure 1.8.  Locations of translocated adult pronghorn mortality sites near Fort Stanton, New 

Mexico, January-August, 2013 and 2014.  
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Figure 1.9.  An adult pronghorn mortality classified as cached by a mountain lion near Fort 

Stanton, New Mexico, 2013. 
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Figure 1.10.  An adult female pronghorn mortality classified as “unknown”, near Fort Stanton, 

New Mexico, 2013.
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Figure 1.11.  Locations of pronghorn fawn capture (blue) and mortality (orange) sites near Fort 

Stanton, New Mexico, May-July, 2014.   
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Figure 1.12.  Cumulative mortality (%) for 29 pronghorn fawns captured and monitored near Fort Stanton, New Mexico in 2014. 
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Figure 1.13 Kaplan-Meier survival curve for pronghorn fawns captured at Fort Stanton, New Mexico in 2014.  
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Figure 1.14.  Temporal proportionate distribution of pronghorn fawn mortality in two week intervals for 29 fawns captured and 

monitored near Fort Stanton, New Mexico, 2014.  Each bar represents the proportion of fawns that died during each two week interval 

as compared to the total number of fawns captured and monitored.  
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Figure 1.15.  Example of hemorrhaging found on the neck of a pronghorn fawn found dead near 

Fort Stanton, New Mexico, 2014. 
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Figure 1.16.  Example of a crushed and punctured pronghorn fawn skull near Fort Stanton, New 

Mexico, 2014. 
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Figure 1.17.  Example of puncture wounds on a pronghorn fawn skull near Fort Stanton, New 

Mexico, 2015. 
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Figure 1.18.  Locations of pronghorn fawn capture (orange) and mortality (blue) sites near Fort 

Stanton, New Mexico, May-July, 2015.  
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Figure 1.19.  Cumulative mortality (%) for 31 pronghorn fawns captured and monitored near Fort Stanton, New Mexico in 2015.   
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Figure 1.20.  Kaplan-Meier survival curve for pronghorn fawns captured at Fort Stanton, New Mexico in 2015. 
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Figure 1.21.  Temporal proportionate distribution of pronghorn fawn mortality in two week intervals for 31 fawns captured and 

monitored near Fort Stanton, New Mexico, 2015.  Each bar represents the proportion of fawns that died during each two week interval 

as compared to the total number of fawns captured and monitored.   
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Figure 1.22.  Example of a cached pronghorn fawn mortality near Fort Stanton, New Mexico.  

Fort Stanton, New Mexico in 2014. 
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Figure 1.23.  Example of a buried pronghorn fawn mortality near Fort Stanton, New Mexico, 

2014. 
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Table 1.1.  Abbreviations and descriptions of covariates used in known fate models estimating pronghorn adult survival in Fort 

Stanton, New Mexico, 2013-2014. 

 Description 

S(.) Null model 

S(PrecipO-D) Total precipitation between October and December 2012; 2013 

S(PrecipJ-M) Total precipitation between January and March 2013; 2014 

S(PrecipA-J) Total precipitation between April and June 2013; 2014 

S(PrecipJ-A) Total precipitation between July and August 2013; 2014 

S(TotalPrecip) Total precipitation between October  and August 2012-2013; 2013- 2014 

S(AvgVPD) Total average vapor pressure deficit (mmHg) between Oct and Aug 2012- 2013; 2013-2014 

S(AvgVPDO-D) Average vapor pressure deficit between Oct and Dec 2012; 2013 

S(AvgVPDJ-M) Average vapor pressure deficit between Jan and Mar 2013; 2014 

S(AvgVPDA-J) Average vapor pressure deficit between May and Jun 2013; 2014 

S(AvgVPDJ-A) Average vapor pressure deficit between Jul and Aug 2013; 2014 

S(DevMaxO-D) Average deviation from maximum temperature (° C) from Oct to Dec 2012; 2013 

S(DevMaxJ-M) Average deviation from maximum temperature (° C) from Jan to Mar 2013; 2014 

S(DevMaxA-J) Average deviation from maximum temperature (° C) from Apr to Jun 2013; 2014 

S(DevMaxJ-A) Average deviation from maximum temperature (° C) from Jul to Aug 2013; 2014 

S(DevMinO-D) Average deviation from minimum temperature (° C) from Oct to Dec 2012; 2013 

S(DevMinJ-M) Average deviation from minimum temperature (° C) from Jan to Mar 2013; 2014 

S(DevMinJ-A) Average deviation from minimum temperature (° C) from Jul to Aug 2013; 2014 
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Table 1.1. Continued.  

 Description 

S(Precip+Min+Max+VPD) Global model using all covariates 

S(g) Sex specific survival (male versus female) 
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Table 1.2.  Abbreviations and descriptions of covariates used in nest survival models estimating pronghorn fawn survival in Fort 

Stanton, New Mexico, 2014-2015. 

 Description 

S(Mass) Fawn mass (kg) at capture 

S(AvgMax) Avg maximum temperature (° C) from capture to mortality or end of study period 

S(PrecipO-D) Total precipitation between Oct and Dec 2013; 2014 

S(PrecipJ-A) Total precipitation between Jan and Apr 2014; 2015 

S(PrecipM-J) Total precipitation between May to July 2014; 2015 

S(AvgVPD) Avg vapor pressure deficit (mmHg) from capture to mortality or end of study period 

S(Mass+Precip+VPD+Min+Max) Global Model 

S(Precip+VPD+Min) Total precipitation + Average VPD+ Minimum temperature 

S(Precip+VPD+Min) Total Precipitation + Average VPD + Minimum temperature 

S(.) Null model 
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Table 1.3.  Numbers of male and female pronghorn translocated and subsequent mortalities of those animals in 2013 to Fort Stanton, 

New Mexico year of translocation. 

    Cause Specific Mortality 

Sex Translocated Radio 

Collared 

Deaths Transit Capture Myopathy Mountain Lion Probable 

Coyote 

Unknown 

Male 25 7 3 ___ 2
a,c 

0 0 1 

Female 50 30 12 2
a,b 

1
a,b 

1 2 6 

a
  Died within first two weeks, not included in survival analysis 

b  
Uncollared 

c  
One collared 
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Table 1.4. Cause-specific mortality of adult pronghorn translocated in 2013 to Fort Stanton, New Mexico, year of translocation. 

Adult ID (Frequency) Approximate Date of Death Cause of Death Key Necropsy Features 

32B (no collar) 01/16/2013 Capture Myopathy Right hindquarters missing due 

to scavenging; found first day 

post release 

1Y (148.661) 01/22/2013 Capture Myopathy Collar was not working; carcass 

appears to have been dragged; no 

specific predation marks; organs 

missing 

45B (148.301) 3/30/2013 Mountain Lion predation Cached dismembered carcass 

found in steep, rocky terrain; 

covered with dirt, debris and 

sheared off pronghorn fur 
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Table 1.4. Continued.  

Adult ID (Frequency) Approximate Date of Death Cause of Death Key Necropsy Features 

40B(151.010) 5/9/2013 Unknown Carcass appeared at least one 

week old- hard and dry; Jaw 

bone, legs and fur found with 

collar 

24B(148.560) 5/24/2013 Unknown Only found head and part of 

neck with collar on it at site; 

collar was not heard for a period 

of time- found on mortality from 

the air 

40Y (150.481) 5/31/2013 Unknown- possible coyote Back end missing and fed on; 

drag trail with pronghorn fur (not 

sheared); organs still present; no 

punctures on head/ neck 
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Table 1.4. Continued.    

Adult ID (Frequency) Approximate Date of Death Cause of Death Key Necropsy Features 

2Y (148.060) 6/6/2013 Unknown Observed with apparent limp one 

week prior; fur missing in 

patches; no specific predation 

marks 

42B (151.030) 6/8/2013 Unknown Collar returned by rancher; body 

never found despite repeated 

attempts 

16B(150.373) 6/14/2013 Unknown- possible coyote Patches of fur found around 

animals; drag trail present and 

two piles of fur (not sheared); 

internal organs missing; cracked/ 

broken ribs 
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Table 1.4. Continued.    

Adult ID (Frequency) Approximate Date of Death Cause of Death Key Necropsy Features 

20P (150.382) 7/12/2013 Unknown Carcass found mummified with 

tough skin, left front and rear 

legs missing, organs missing 
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Table 1.5. Kaplan-Meier survival estimates for adult pronghorn translocated to Fort Stanton, 

New Mexico 2013-2014. 

  

95% CI 

 

s.hat Lower Upper 

 

2013 year of translocation 

 

0.67 

 

0.47 

 

0.87 

 

2013 one year post translocation 

 

0.83 

 

0.36 

 

1.30 

 

2014 year of translocation 

 

0.96 

 

0.89 

 

1.04 
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Table 1.6. Model set for apparent survival (S) for pronghorn adults translocated in 2013 to Fort 

Stanton, New Mexico in year of translocation.  

 AICc ∆ AICc AICc 

Weights 

Model 

Likelihood 

22LLLikeliho 

Likelihood 

LLiLikelihood 

K Deviance 

S(.) 96.33 0 0.05 1 1 94.32 

S(PrecipO-D) 96.33 0 0.05 1 1 94.32 

S(PrecipJ-M) 96.33 0 0.05 1 1 94.32 

 
S(PrecipA-J) 96.33 0 0.05 1 1 94.32 

 
S(PrecipJ-A) 96.33 0 0.05 1 1 94.32 

 
S(TotalPrecip) 96.33 0 0.05 1 1 94.32 

 
S(AvgVPD) 96.33 0 0.05 1 1 94.32 

 
S(AvgVPD O-D) 96.33 0 0.05 1 1 94.32 

 
S(AvgVPD J-M) 96.33 0 0.05 1 1 94.32 

 
S(AvgVPD A-J) 96.33 0 0.05 1 1 94.32 

 
S(AvgVPD J-A) 96.33 0 0.05 1 1 94.32 

 
S(DevMax O-D) 96.33 0 0.05 1 1 94.32 

 
S(DevMax J-M) 96.33 0 0.05 1 1 94.32 

 
S(DevMax A-J) 96.33 0 0.05 1 1 94.32 

 
S(DevMax J-A) 96.33 0 0.05 1 1 94.32 

 
S(DevMin O-D) 96.33 0 0.05 1 1 94.32 

 S(DevMin J-M) 96.33 0 0.05 1 1 94.32 

 
S(DevMin A-J) 96.33 0 0.05 1 1 94.32 

 
S(DevMin J-A) 96.33 0 0.05 1 1 94.32 

 
S(Precip+Min+Max+VPD) 96.33 0 0.05 1 1 94.32 

 
S(g) 97.41 1.09 0.03 0.58 2 93.39 
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Table 1.7. Apparent survival estimates, Standard Errors (SE), and upper and lower 95% Confidence Intervals (CI) for adult pronghorn 

translocated to Fort Stanton, New Mexico in January 2013 and 2014, using Program MARK. 

 Year n Estimate SE Lower 95% CI Upper 95% CI 

Year of translocation (males and females) 2013 36 0.68 0.08 0.50 0.82 

Year of translocation (females) 2013 30 0.64 0.10 0.44 0.80 

Year of translocation (males) 2013 6 0.83 0.15 0.37 0.98 

One year post translocation (males and females) 2014 10 0.74 0.23 0.22 0.96 

One year post translocation (females) 2014 8 0.66 0.28 0.15 0.95 

One year post translocation (males) 2014 2 1.00 < 0.00 1.00 1.00 

Year of translocation (males and females) 2014 30 0.95 0.05 0.73 0.99 

Year of translocation (females) 2014 23 0.94 0.06 0.66 0.99 

Year of translocation (males) 2014 7 1.00 < 0.00 < 0.00 1.00 
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Table 1.8. Numbers of male and female pronghorn translocated in 2013 to Fort Stanton, New Mexico and subsequent mortality of 

those animals one year post translocation. 

Sex Alive at the end of 

2013 season
a 

Censored at 

beginning of 2014 

Deaths prior to 2014 season Deaths in 2014 Unknown Mortality 

M 4 1
a 

2
b 

___ 2 

F 15 5
a 

1
b 

1 2 

a  
Collar failure between 2013 and 2014 season or animal went missing 

b  
Animal was heard alive at end of 2013 season but on mortality at beginning of 2014 season; removed from survival analysis 
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Table 1.9.  Cause-specific mortality of one adult pronghorn translocated in 2013, but found dead in 2014 (one year post translocation) 

near Fort Stanton, New Mexico.  

Adult ID (Frequency) Approximate Date of Death Cause of Death Key Necropsy Features 

43Y (150.121) 04/27/2013 Unknown Found N of study site; old carcass 

remains- 60% gone; puss in hooves, 

organs missing 
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Table 1.10. Model set for apparent survival (S) for pronghorn adults translocated in 2013 to Fort 

Stanton, New Mexico one year post translocation. 

 AICc ∆  

AICc 

AICc 

Weight 

Model 

Likelihood 

K Deviance 

S(g) 16.44     0    0.06 1 1 14.44 

S(.) 17.07     0.63    0.05 0.73 1 15.06 

S(PrecipO-D) 17.07     0.63    0.05 0.73 1 15.06 

S(PrecipJ-M) 17.07     0.63    0.05 0.73 1 15.06 

S(PrecipA-J) 17.07     0.63    0.05 0.73 1 15.06 

S(PrecipJ-A) 17.07     0.63    0.05 0.73 1 15.06 

S(DevMaxO-D) 17.07     0.63    0.05 0.73 1 15.06 

S(DevMaxJ-M) 17.07     0.63    0.05 0.73 1 15.06 

S(DevMaxA-J) 17.07     0.63    0.05 0.73 1 15.06 

S(DevMaxJ-A) 17.07     0.63    0.05 0.73 1 15.06 

S(DevMinO-D) 17.07     0.63    0.05 0.73 1 15.06 

S(DevMinJ-M) 17.07     0.63    0.05 0.73 1 15.06 

S(DevMinA-J) 17.07     0.63    0.05 0.73 1 15.06 

S(DevMinJ-A) 17.07     0.63    0.05 0.73 1 15.06 

S(AvgVPD O-D) 17.07     0.63    0.05 0.73 1 15.06 

S(AvgVPD J-M) 17.07     0.63    0.05 0.73 1 15.06 

S(AvgVPD A-J) 17.07     0.63    0.05 0.73 1 15.06 

S(AvgVPD J-A) 17.07 0.63 0.05 0.73 1 15.06 

S(AvgVPD) 17.07 0.63 0.05 0.73 1 15.06 

S(TotalPrecip) 17.07 0.63 0.05 0.73 1 15.06 

S(Precip+Min+Max+VPD) 17.07 0.63 0.05 0.73 1 15.06 

AICc = Akaike Information Criterion for small samples sizes; ∆AICc = Difference in Akaike 

Information Criterion for small sample sizes; AICc Weights =  Probability that model i is the 

best model for the observed data, given the candidate set of models; K= number of parameters; 

Deviance: measure of fit 
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Table 1.11.  Numbers of male and female pronghorn translocated in 2014 to Fort Stanton, New Mexico and subsequent mortality of 

those animals, year of translocation. 

  Cause Specific Mortality 

Sex Captured
a 

Radio collared Deaths Transit Capture Myopathy Unknown 

M 36 10 4 3
b,c 

1
b,e 

___ 

F 33 27 7 4
b,d 

2
b,e 

1 

a 
Includes all animals captured both collared and uncollared 

b 
Died within first two weeks, not included in survival analysis 

b 
Two collared, one uncollared 

c 
Two collared, two uncollared 

d 
Collared but not included in survival analysis because death occurred in first two weeks 
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Table 1.12.  Cause-specific mortality of adult pronghorn translocated in 2014 to Fort Stanton, New Mexico (year of translocation). 

Adult ID (Frequency) Approximate Date of Death Cause of Death Key Necropsy Features 

G1 (151.564) 1/16/2014 Capture Myopathy Found dead in morning post release; no 

predation wounds or scavenging on carcass 

W332 (121.322) 1/18/2014 Capture Myopathy Only head not scavenged to the bone; collar 

on carcass 

O25 (151.343) 1/18/2014 Capture Myopathy Matted vegetation and scattered ungulate hair 

at site 

B23 (151.363) 7/13/2014 Unknown Observed with limp on 7 Jun; collar was 

bloody; 15 meter drag trail into ditch; rib 

cage, gut pile, random pieces of hide and legs 

found 
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Table 1.13. Model set for apparent survival (S) for pronghorn adults translocated to Fort Stanton, 

New Mexico in 2014 in the year of translocation. 

 AICc ∆ AICc AICc Weight Model Likelihood K Deviance 

{S(.) PIM} 20.71 0 0.06 1 1 18.71 

{AvgVPDJ-M} 20.71 0 0.06 1 1 18.71 

{MinTempJ-A} 20.71 0 0.06 1 1 18.71 

{PrecipJ-M} 20.71 0 0.06 1 1 18.71 

{PrecipA-J} 20.71 0 0.06 1 1 18.71 

{GlobalModel} 20.71 0 0.06 1 1 18.71 

{AvgVPDO-D} 20.71 0 0.06 1 1 18.71 

{AvgVPDA-J} 20.71 0 0.06 1 1 18.71 

{MaxTempJ-M} 20.71 0 0.06 1 1 18.71 

{MaxTempJ-A} 20.71 0 0.06 1 1 18.71 

{MinTempO-D} 20.71 0 0.06 1 1 18.71 

{AvgVPD} 20.71 0 0.06 1 1 18.71 

{S(g) PIM} 22.19 1.48 0.03 0.48 2 18.19 

{TotalPrecip} 22.71 2 0.02 0.37 2 18.71 

{PrecipO-D} 22.71 2 0.02 0.37 2 18.71 

{MaxTempO-D} 22.71 2 0.02 0.37 2 18.71 

{MinTempJ-M} 22.71 2 0.02 0.37 2 18.71 

{MinTempA-J} 22.71 2 0.02 0.37 2 18.71 

{PrecipJ-A} 22.71 2 0.02 0.37 2 18.71 
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Table 1.13. Continued. 

 AICc ∆ AICc AICc Weight Model Likelihood K Deviance 

{AvgVPDJ-A} 22.71 2 0.02 0.37 2 18.71 

{MaxTempA-J} 22.71 2 0.02 0.37 2 18.71 

AICc = Akaike Information Criterion for small samples sizes; ∆AICc = Difference in Akaike 

Information Criterion for small sample sizes; AICc Weights =  Probability that model i is the 

best model for the observed data, given the candidate set of models; K= number of parameters; 

Deviance: measure of fit 
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Table 1.14.  Pronghorn fawn identification and mass (kg) at time of capture near Fort Stanton, 

New Mexico, 2014 and 2015. 

2014 2015 

Fawn ID Mass (kg) Fawn ID Mass (kg) 

FS-F01-2014 2.60 FS-F01-2015 3.30 

FS-F02-2014 2.95 FS-F02-2015 3.05 

FS-F03-2014 2.35 FS-F03-2015 3.35 

FS-F05-2014 3.50 FS-F04-2015 2.65 

FS-F04-2014 2.95 FS-F05-2015 3.90 

FS-F06-2014 4.35 FS-F06-2015 3.35 

FS-F07-2014 3.65 FS-F07-2015 2.95 

FS-F08-2014 3.30 FS-F08-2015 3.69 

FS-F09-2014 3.35 FS-F09-2015 2.20 

FS-F12-2014 3.15 FS-F10-2015 2.55 

FS-F13-2014 3.50 FS-F11-2015 3.20 

FS-F11-2014 3.00 FS-F12-2015 3.15 

FS-F10-2014 2.40 FS-F13-2015 3.15 

FS-F17-2014 2.95 FS-F14-2015 4.20 

FS-F18-2014 2.95 FS-F15-2015 4.10 

FS-F15-2014 2.90 FS-F16-2015 2.75 

FS-F16-2014 3.35 FS-F17-2015 3.05 

FS-F14-2014 2.80 FS-F18-2015 3.65 

FS-F20-2014 4.35 FS-F19-2015 3.60 

FS-F19-2014 4.95 FS-F20-2015 3.50 

FS-F21-2014 2.55 FS-F21-2015 4.25 

FS-F22-2014 3.25 FS-F22-2015 3.40 

FS-F24-2014 3.01 FS-F23-2015 2.85 

FS-F23-2014 3.10 FS-F24-2015 2.80 

FS-F25-2014 4.35 FS-F25-2015 3.75 

FS-F26-2014 3.28 FS-F26-2015 3.60 
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Table 1.14. Continued.  

2014 2015 

Fawn ID Mass (kg) Fawn ID Mass (kg) 

FS-F27-2014 3.36 FS-F27-2015 4.35 

FS-F28-2014 3.40 FS-F28-2015 3.60 

FS-F29-2014 3.90 FS-F29-2015 5.50 

FS-F29-2014 3.90 FS-F29-2015 5.50 

  FS-F30-2015 4.20 

  FS-F31-2015 4.50 

Mean 3.29 Mean 3.49 

SE 0.11 SE 0.12 
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Table 1.15.  Numbers of male and female pronghorn fawns captured and monitored until death, including presumable sources of 

cause-specific mortality on Fort Stanton, New Mexico, 2014. 

   Cause Specific Mortality 

 Captured (n) Died (n) Definite Predation (n) Probable Predation (n) Infection (n) Unknown (n)
 

Male 10 10 2 4 1
a 

3 

Female 19 19 8 5 ___ 6 

Totals (n; %) 29 (100%) 29 (100%) 10 (34%) 9 (31%) 1 (3%) 9 (31%) 

a  
Final cause of death was presumably infection caused by predator wounds that did not heal 
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Table 1.16. Cause-specific mortality by predator type for fawns captured at Fort Stanton, New Mexico in 2014 and 2015. 

 2014 2015 Total 

Definite Predation    

Bobcat 4 1 5 

Coyote 3 1 4 

Unknown 3 4 7 

Probable Predation    

Bobcat 3 0 3 

Coyote 4 7 11 

Unknown 2 6 8 
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Table 1.17. Cause-specific mortality of pronghorn fawns captured at Fort Stanton, New Mexico 2014. 

Fawn ID Cause of Death Cached/ Buried Key Necropsy Features 

FS-F01-2014 Infection No- lying under tree Hematomas on sides post mortem; internal bruising in 

lungs and internal bleeding 

FS-F02-2014 Probable Predation Buried under pine needles and dirt Punctures wounds on head and neck; bite marks on ear 

FS-F03-2014 Definite Predation Buried under pine needles and dirt Crushed skull 

FS-F04-2014 Definite Predation Cached under a brush pile Hemorrhaging and bruised trachea 

FS-F05-2014 Definite Predation N/A Crushed skull, puncture wounds on head 

FS-F06-2014 Definite Predation Buried under pine needles and dirt Skull cracked in two places, hemorrhaging on muzzle 

FS-F07-2014 Unknown No Ear tag found, no ear attached 

FS-F08-2014 Unknown No No notes taken on mortality 

FS-F09-2014 Definite Predation Cached under juniper Skull crushed and punctured; canine punctures under 

chin and on throat 

FS-F10-2014 Unknown No Ear tag found with bits of dried ear on it 

FS-F11-2014 Unknown No Only ear tag found 

FS-F12-2014 Unknown No Ear tag with ear attached 

FS-F13-2014 Definite Predation No Hemorrhaging; puncture wound on head, hole in brain 

FS-F14-2014 Definite Predation Cached in creek bed under bushes Wounds on throat and under ears; hemorrhaging on 

throat 

FS-F13-2014 Definite Predation No Hemorrhaging; puncture wound on head, hole in brain 
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Table 1.17. Continued   

Fawn ID Cause of Death Cached/ Buried Key Necropsy Features 

FS-F14-2014 Definite Predation Cached in creek bed under bushes Wounds on throat and under ears; hemorrhaging on 

throat 

FS-F15-2014 Definite Predation No Punctured skull; hemorrhaging on throat and head 

FS-F16-2014 Definite Predation Cached under dirt and branches under a 

bush 

Hemorrhaging on throat, puncture wounds on skull 

FS-F17-2014 Unknown No Ear tag with ear attached 

FS-F18-2014 Probable Predation Buried under pine needles and dirt Wounds on head and neck 

FS-F19-2014 Probable Predation Cached under some dirt but not 

completely covered or buried 

Only head found- no wounds on head 

FS-F20-2014 Unknown No Blood trail and pools of dried blood found; bone 

fragments 

FS-F21-2014 Probable Predation Cached under a burn pile Wounds on throat 

FS-F22-2014 Unknown No Bits of bone fragment and ear tag found 

FS-F23-2014 Probable Predation Buried under pine needles and dirt Wounds on throat 

FS-F24-2014 Unknown No Only skull fragments found along with ear tag 

FS-F25-2014 Probable Predation Cached in brush pile Punctures on throat; punctures in skull 

FS-F26-2014 Probable Predation Buried under pine needles and dirt Punctured skull, teeth marks along throat, chin and 

head 
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Table 1.17. Continued   

Fawn ID Cause of Death Cached/ Buried Key Necropsy Features 

FS-F27-2014 Probable Predation No Puncture wounds in skull 

FS-F28-2014 Unknown No Only parts of lower jaw and skull fragments found 

FS-F29-2014 Definite Predation No Puncture on chin under eye, crushed skull and puncture 

in back of skull 
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Table 1.18.  Kaplan-Meier survival estimates, and 95% Confidence Intervals (CI) for pronghorn 

fawns captured at Fort Stanton, New Mexico in 2014 (n = 29) and 2015 (n = 31). 

 Estimate Lower 95% CI Upper 95% CI 

2014 survival 0 0 0 

2015 survival 0.02 0.01 0.04 
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Table 1.19.  Model set for estimating apparent survival (S) of pronghorn fawns monitored in 

2014 near Fort Stanton, New Mexico, suing program MARK.   

 AICc ∆AICc AICw Model 

Likelihood 

K Deviance 

S(Precip+VPD+Max) 194.69 0 0.52 1 3 188.62 

S(AvgMin) 196.99 2.30 0.16 0.32 2 192.96 

S(GlobalModel) 198.04 3.35 0.10 0.19 5 187.87 

S(Precip+VPD+Min) 198.88 4.19 0.06 0.12 3 192.81 

S(AvgVPD) 198.97 4.28 0.06 0.12 2 194.93 

S(.) 201.55 6.86 0.02 0.03 1 199.54 

S(TotalPrecip) 201.55 6.86 0.02 0.03 1 199.54 

S(PrecipM-J) 201.55 6.86 0.02 0.03 1 199.54 

S(PrecipJ-A) 201.55 6.86 0.02 0.03 1 199.54 

S(PrecipO-D) 201.55 6.86 0.02 0.03 1 199.54 

S(AvgMax) 202.97 8.28 0.01 0.02 2 198.93 

S(Mass) 203.52 8.83 0.01 0.01 2 199.49 

Top model using model average to average all models is: logit(survival) = 1.58 + (0.02) (Mass) + 

(0.08) (PrecipOD) + (.12) (PrecipJ-A) + (0.01) (PrecipM-J) + (-0.92) (AvgVPD) + (0.11) (Min) 

(-0.86) (AvgMax). 

AICc = Akaike Information Criterion for small samples sizes; ∆AICc = Difference in Akaike 

Information Criterion for small sample sizes; AICw = Probability that model i is the best model 

for the observed data, given the candidate set of models; K= number of parameters; Deviance: 

measure of fit 



Texas Tech University, Emily R.Conant, May 2016 

107 

 

Table 1.20. Daily and apparent (overall) survival estimates for fawns capture in Fort Stanton, 

New Mexico in 2014 and 2015 using Nest Survival in Program MARK. 

   95% CI 

 Estimate SE Lower Upper 

2014 apparent survival 0.01 0.01 0.00 0.04 

2014 daily survival 0.92 0.01 0.93 0.97 

2015 apparent  survival 0.04 0.03 0.01 0.13 

2015 daily survival 0.95 0.01 0.93 0.97 
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Table 1.21. Numbers of male and female pronghorn fawns captured and monitored until death including presumable sources of cause-

specific mortality on Fort Stanton, New Mexico in 2015. 

   Cause Specific Mortality 

 Captured (n) Died (n) Definite Predation (n) Probable Predation (n) Unknown (n)
 

Male 18 16 5 8 3 

Female 

Totals (n;%) 

13 

31 (100%) 

8 

24 (77%) 

1 

6 (19%) 

5 

13 (41%) 

2 

5 (16%) 
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Table 1.22. Cause-specific mortality of fawns captured at Fort Stanton, New Mexico 2015 

Fawn ID Cause of Death Cached/ Buried Key Necropsy Features 

FS-F01-2015 Probable Predation Buried Puncture wounds about right ear and below left ear 

FS-F02-2015 Probable Predation No Two puncture wounds above eye; two puncture wounds on 

left side of neck/jaw 

FS-F04-2015 Definite Predation Cached- covered with pulled bark Puncture wounds on back of neck, cracked skull, 

hemorrhaging 

FS-F06-2015 Probable Predation Buried under tree Puncture wounds behind left ear 

FS-F07-2015 Unknown No Only ear tag found 

FS-F08-2015 Definite Predation No Hemorrhaging from multiple skull punctures, punched 

trachea, puncture wound on left side of jaw 

FS-F09-2015 Probable Predation No Punctures and hematomas along skull 

FS-F10-2015 Definite Predation Buried Puncture wounds near jaw and hemorrhaging on right side of 

jaw 

FS-F11-2015 Probable predation Buried Puncture wounds on both sides of jaw; skull fracture between 

ears 

FS-F12-2015 Unknown No Only ear tag found 
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Table 1.22. Continued. 

Fawn ID Cause of Death Cached/ Buried Key Necropsy Features 

FS-F13-2015 Definite Predation No Severe hemorrhaging on both sides of jaw, 5 broken ribs on 

left side, 3 puncture wounds on top of skull 

FS-F16-2015 Probable Predation No Spinal column with ribs and pelvis separated 

FS-F17-2015 Probable Predation No Blood in ear canal, 3 punctures below ear on right side of jaw 

FS-F18-2015 Probable Predation No Puncture wounds on both shoulders; puncture on top of skull; 

abdomen and jugular punctures 

FS-F20-2015 Probable Predation Buried Puncture on top of skull 

FS-F21-2015 Probable Predation Buried Broken jaw, puncture wounds and bruising to the neck 

FS-F22-2015 Unknown No Only ear tag found- small fur clump and blood found nearby 

FS-F23-2015 Definite Predation No Hemorrhaging along throat; multiple puncture wounds along 

throat and skull 

FS-F24-2015 Definite Predation No Multiple punctures to skull, hemorrhaging to right shoulder, 

puncture on left side of rib cage 

FS-F26-2015 Probable Predation Buried Puncture below left ear, puncture in front of right eye 
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Table 1.22. Continued. 

Fawn ID Cause of Death Cached/ Buried Key Necropsy Features 

FS-F27-2015 Probable Predation No Multiple puncture wounds on skull, spine broken between 

neck and shoulders 

FS-F28-2015 Unknown No Only ear tag found 

FS-F29-2015 Probable Predation Buried Puncture wound above right eye, broken right eye socket 

FS-F31-2015 Unknown No Only ear tag found 
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Table 1.23.  Model set for estimating apparent survival (S) of pronghorn fawns monitored in 

2015 near Fort Stanton, New Mexico, suing program MARK.   

 AICc ∆ 

AICc 

AICc 

Weight 

Model 

Likelihood 

K Deviance 

S(AvgMin) 178.94 0 0.43 1 2 174.92 

S(Precip+VPD+Min) 180.96 2.02 0.16 0.36 3 174.92 

S(AvgVPD) 181.03 2.08 0.15 0.35 2 177.00 

S(AvgMax) 181.80 2.85 0.10 0.24 2 177.77 

S(Precip+VPD+Max) 183.05 4.10 0.06 0.13 3 177.00 

S(GlobalModel) 183.66 4.71 0.04 0.09 5 173.54 

S(Mass) 183.68 4.74 0.04 0.09 2 179.66 

S(.) 188.26 9.31 0.00 0.01 1 186.25 

S(TotalPrecip) 188.26 9.31 0.00 0.01 1 186.25 

S(PrecipO-D) 188.26 9.31 0.00 0.01 1 186.25 

S(PrecipJ-A) 188.26 9.31 0.00 0.01 1 186.25 

S(PrecipM-J) 188.26 9.31 0.00 0.01 1 186.25 

Top model when using model averaging to average all models is: logit(survival) = 1.35 + (0.05) 

(Mass) + (0.05) (PrecipOD) + (0.00)(precipJ-A) + (0.00)(precipM-J) + (0.07) (AvgVPD) + 

(0.24) (AvgMin) + (0.04) (AvgMax). 

AICc = Akaike Information Criterion for small samples sizes; ∆AICc = Difference in Akaike 

Information Criterion for small sample sizes; AICc Weights =  Probability that model i is the 

best model for the observed data, given the candidate set of models; K= number of parameters; 

Deviance: measure of fit 
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Table 1.24. Summary of pronghorn fawn survival rates (raw estimates unless otherwise indicated) throughout North America.  

a
 Kaplan Meier survival estimate 

Author Year(s) Location Translocated No. Captured Survival (%) 

Von Gunten 1978 1977 Montana No 30 10.0 

Autenrieth 1984 1981 Idaho No 25 48.0 

Trainer et al. 1983 1981 Oregon No 57 30.0 

Autenrieth 1984 1982 Idaho No 42 69.0 

Trainer et al. 1983 1982 Oregon No 74 11.0 

Fairbanks 1993 1988 Colorado No 5 60.0 

Fairbanks 1993 1989 Colorado No 25 48.0 

Canon 1993 1990 Texas No 20 10.0
a
 

Fairbanks 1993 1990 Colorado No 30 22.0 

Rothchild 1993 1991 Kansas No 10 42.0 

Ockenfels et al. 1992 1991 Arizona No 11 55.0 

Canon 1993 1991 Texas No 34 21.0
a
 

Rothchild 1993 1992 Kansas No 31 10.0 

Canon 1993 1992 Texas No 47 6.0a 

Sievers 2004 2002 South Dakota No 13 22.0
a
 

Sievers 2004 2003 South Dakota No 13 42.0
a
 

Weaver 2013 2011 Texas Yes 26 10.5
a
 

Weaver 2013 2012 Texas Yes 34 16.3
a
 

Tidwell 2013, unpublished 2013 Texas Yes 40 53.0
a
 

Beale and Smith 1973 1967-71 Utah No 117 53.0 

Barrett 1984 1975-76 Alberta No 62 32.5 

McNay 1980 1978-1979 Nevada No 34 37.0 

Autenrieth and Fichter 1982 1978-1980 Idaho No 60 30.0 
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a
 Kaplan Meier survival estimate 

 

 

Table 1.24. Continued.      

Author Year(s) Location Translocated No. Captured Survival (%) 

Gregg et al. 2001 1996-97 Oregon No 104 16.0
a
 

Van Vuren 2013 1998-2002 Oregon No 92 29.0
a
 

Barnowe-Meyer et al. 2011 1999-2001 Wyoming No 70 15.0 

Jacques and Jenks 2007 2002-03 South Dakota No 57 47.0
a
 

Johnson et al. 2013 2009-11 California No 20 26.7
a
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CHAPTER II 

USING VAGINAL IMPLANT TRANSMITTERS AS A TOOL FOR PRONGHORN 

FAWN CAPTURE 

INTRODUCTION 

Vaginal implant transmitters (VITs) are radio transmitters, inserted into the vaginal canal 

of a female ungulate, and are held in place by flexible silicone wings, to be expelled at 

parturition.  Use of VITs can improve precision and accuracy in determining birth timing and 

parturition location, as well as neonate survival immediately following birth (Carstensen et al. 

2003, Bishop et al. 2007, Haskell et al. 2007, Tatman et al. 2011).  Vaginal implant transmitters 

have been used for a variety of ungulates including mule deer (Odocoileus hemionus; Johnstone-

Yellin et al. 2006, Haskell et al. 2007), Columbian black-tail deer (O. h. columbianus; Pamplin 

2003), white-tailed deer (O. virginianus; Bishop et al. 2007, Haskell et al. 2007), elk (Cervus 

elaphus; Vore and Schmidt 2001, Johnson et al. 2006) and bighorn sheep (Ovis canadensis; 

Smith et al. 2013).  However, VITs have been used only once in pronghorn (Antilocapra 

americana) (Canon et al. 1997), where their use was mentioned in reference to using trans-rectal 

ultrasound techniques to determine pregnancy.  

Vaginal implant transmitters originally were developed in the 1980s to assist with 

detection of ungulate parturition sites (Barbknecht et al. 2009).  First-generation VITs were 

surgically sutured into mule deer, which frequently caused localized trauma and increased 

infection risks (Garrot and Bartmann 1984, Barbknecht et al. 2009).  Ultimately VITs were 

equipped with flexible wings to secure them in place which eliminated the need for suturing 

(Bishop et al. 2007). Greater wing lengths promoted better retention of VITs in both mule and 
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white-tailed deer (Haskell et al. 2007).  Antenna clipping (i.e., shortening) became standard 

practice to prevent ungulates (primarily white-tailed and mule deer) from removing transmitters 

with their teeth (Seward et al. 2005, Haskell et al. 2007, Barbknecht et al. 2009, Tatman et al. 

2011), although this removal has only been documented once, by Carstensen et al. (2003) who 

found bite marks on one VIT antenna post expulsion.  

Vaginal implant transmitters used in previous studies were equipped primarily with a 

temperature sensor designed to indicate when a VIT was expelled (Carstensen et al. 2003, 

Seward et. al. 2005, Johnstone-Yellin et al. 2006, Bishop et al. 2007, Haskell 2007, Barbknecht 

et al. 2009, Tatman et al. 2011). Temperature sensors activate precise event transmitter (PET) 

codes when the VIT temperature increases from >34°C to <38°C (Tatman et al. 2011). Precise 

event transmitters are binary codes built into VITs that indicate how long a VIT has been 

expelled, in 30 minute increments (Tatman et al. 2011).  Performance of these PET codes 

depends on ground level temperature at expulsion site, and optimal performance occurs in areas 

where ambient temperatures are < 30°C during the parturition season (Cherry et al 2013).   

Carstensen et al. (2003) documented a problem commonly termed “VIT signal flux”, in which 

transmitters fluctuated from emitting a non-deployed signal (40 bpm to a deployed signal of 80 

bpm) and then back to non-deployed over time.  Signal flux resulted in VIT expulsion signals 

while transmitters were still secured in does.  The exact cause of signal flux was not determined, 

but was suspected to be caused by activation of the VIT temperature sensors, perhaps by 

premature partial expulsion of transmitters from females anywhere from a few days to a few 

weeks prior to birth, and has occurred in multiple VIT studies (Seward et al. 2005, Johnstone-

Yellin et al. 2006, Bishop et al. 2007, Barbknecht et al. 2009).  An additional sensor which 

improves VIT performance in areas where ambient temperatures are > 30°C could increase the 
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geographic ranges in which VITs can be used successfully (Newbolt and Ditchkoff 2009) and 

potentially reduce or elimination the problem of signal flux.  For example, Cherry et al. (2013) 

developed and tested VITs with a photo sensor, using drying ovens, which activated when 

ambient light was > 0.01 lux (i.e., daytime).  When ambient light is < 0.01 lux (nighttime) then 

ambient temperature is likely to be < 30°C thus the temperature sensors will activated instead.  

Conversely, when ambient temperatures are > 30°C, but light > 0.01 lux is present, photo sensors 

will activate.  Combined, these modifications should provide a greater range of environmental 

conditions in which VIT sensors will accurately indicate expulsion.  Once a PET code in a VIT 

with both sensors is activated, conditions must return to those similar to pre-expulsion (both 

ambient light < 0.01 lux and ambient temperature > 30 °C), for the VITs to transmit a non-

deployed signal (i.e., 50 bpm). 

Pronghorn population persistence near Fort Stanton, New Mexico has been a focus of 

conservation and management efforts since the early 1940s when some of the first adult 

pronghorn translocations were successfully executed by the New Mexico Department of Game 

and Fish (NMDGF).  These efforts have occurred sporadically since, and were formally 

reinitiated in 2013, where 75 adult pronghorn were translocated from northeastern New Mexico 

to Fort Stanton in January 2013.  Subsequent monitoring efforts in 2013 indicated adequate adult 

survival for population persistence, but low fawn survival appeared to be a factor potentially 

limiting expansion of this local population.  This was verified by late-summer aerial surveys that 

indicated a 6:100 fawn:doe ratio (R. Darr, unpublished data).  Therefore, as part of this larger 

translocation effort, and in attempt to more precisely estimate fawn survival, VITs with both 

temperature and photo sensors were deployed in pregnant females during pronghorn capture and 

translocation in 2014.  To date, VIT use in pronghorn is limited and their utility in facilitating 
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both identification of pronghorn parturition sites and fawn capture for monitoring purposes 

remains unclear.  Additionally, there has been no work evaluating the use of VITs with photo 

sensors in ungulates to reduce signal flux problems and improves determining VIT expulsion 

timing.  Vaginal implant transmitters with both temperature and photo sensors have been used in 

white-tailed deer, but Nelson et al. (2015) only reported fawn capture numbers.  Therefore, we 

evaluated the utility and efficacy of VITs to locate pronghorn fawns and determine parturition 

timing and location.  We defined VIT efficacy and success using several criteria:  (1) retention 

within each in female pronghorn over time, (2) successful expulsion at parturition, (3) utility in 

detecting and locating neonatal fawns, and (4) factors influencing VIT detection i.e. weather 

conditions, distance, terrain and topography. 

STUDY AREA  

 This research was conducted at Fort Stanton-Snowy River Cave National Conservation 

Area (NCA), in Lincoln County in southeastern New Mexico between the Sierra Blanca and 

Capitan Mountains, located between 1,800 and 2,200 m (Wood 1970, Bureau of Land 

Management 2001).  Fort Stanton-Snowy River Cave NCA is managed by the Bureau of Land 

Management (BLM), with private and state lands surrounding the NCA on the north, east and 

west, while the U.S. Forest Service manages the Lincoln National Forest on the south and 

northeast sides.  First established as the Fort Stanton Area of Critical Environmental Concern 

(ACEC), the area has been managed for pronghorn including translocations in cooperation with 

the NMDGF since 1997 (Bureau of Land Management 2001).  In 2009, the Fort Stanton ACEC 

was re-designated a NCA to protect the Fort Stanton-Snowy River cave system, which lies under 

a portion of the study area.  This effectively placed the ACEC along with 99.5 additional ha into 

the BLM’s National Landscape Conservation System (NLCS).  A Fort Stanton-Snowy River 



Texas Tech University, Emily R Conant, May 2016 

119 

Cave National Conservation Area Resource Management Plan (NCA Plan) was written to 

manage its surface and sub-surface resources.  The NCA includes ~10,000 ha of grasslands and 

pinyon (Pinus edulis) –juniper (Juniperus monosperma) woodlands; the major vegetative 

community due to historical fire suppression (Bureau of Land Management 2011).  Annual 

precipitation averages 41.2 cm with average minimum-maximum temperatures 2.8°C and 19.6°C 

(Western Regional Climate Center 2013). 

METHODS 

Capture and VIT Implantation 

Pronghorn were captured by NMDGF personnel using a helicopter and corral trap 

methods (following Russell 1964) on a private ranch near Cimarron, NM, January 14-15, 2014.  

All captured pronghorn were marked with uniquely identifying ear tags, and nearly half were 

outfitted with a uniquely identifiable (both visually and by frequency) very high frequency 

(VHF) radio-collar (M2230B, Advanced Telemetry Systems [ATS], Inc., Isanti, Minnesota, 

USA).  Pregnancy status of all females was determined using a portable ultrasound (Smith and 

Lindzey 1982), and those that were pregnant were outfitted with VITs (Model M3930L, 21g; 

Advanced Telemetry Systems, Inc., Isanti, Minnesota, USA).  Each VIT contained a temperature 

sensor set to 34°C, a photo sensor set to 0.01 lux and an estimated battery life of 264 days 

(assuming 40 pulses per min transmitter rate). This model included precise event transmitter 

(PET) technology which recorded the number of 30 minute intervals that either the photo sensor 

had been exposed to light or the temperature sensor was exposed to temperatures > 34°C.  

Sensors were independent, but once either sensor was activated, both sensors needed to be 

returned to internal conditions (i.e. temperatures > 34°C and light  < 0.01 lux) to return VIT to 

transmitting internal signals.  Transmitters were 6 cm long and covered with waterproof resin, 
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which encased both the battery and the sensors (Figure 1).  The antenna was at 6 cm in length, 

and VIT wings were 6.5 cm long x 1.3 cm wide.     

Prior to insertion, we sterilized each VIT using a 25% chlorohexadene solution and rinsed 

with sterile water.  Vaginal implant transmitters were then inserted (by NTQ) using a lubricated 

vaginoscope and placed 1 cm from the cervix, following protocols outlined by Johnstone-Yellin 

et al. (2006) and Tatman et al. (2011).  However, most VITs were not secure in the vaginal canal 

and began to slide out of the female with slight pulling on the antenna, until the wings reached 

the vaginal opening.  Although no specific morphological features were measured, pronghorn 

vaginal canals appeared shorter (the vaginoscope did not go in as far) and wider (the wings were 

not wide enough to hold VITs inside) than vaginal canals in both mule and white-tailed deer.  

However, pronghorn appeared to have smaller vaginal openings than white-tailed or mule deer 

which kept VITs from falling out completely (Nicole Quintana, NMDGF, personal 

communication).  We did not cut antennas shorter as reported in other studies because the 

antenna began to protrude 20-30 sec post insertion.  Even if antennas were cut, they may have 

protruded out of the female over time, making this step irrelevant (Nicole Quintana, NMDGF, 

personal communication). The Texas Tech University Institutional Animal Care and Use 

Committee (IACUC No. 13011-01) reviewed and approved both capture and handling 

procedures.  

Monitoring and Fawn Capture 

Pronghorn were translocated to Fort Stanton on 15 January 2014, by NMGFD personnel, 

and were monitored daily to estimate survival and VIT retention for the first two weeks post 

capture, beginning 16 January 2014, and then every other day afterwards until 1 April 2014.  We 

recorded the location of female and VIT “status” (internal or expelled) each monitoring day.  
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Beginning 1 April 2014, we monitored pronghorn daily, to improve the probability of detecting 

VIT expulsions or fawn births or both, as we anticipated fawning could begin in early April.  

When we detected a VIT signaling “expulsion”, the PET code was recorded to estimate time 

since expulsion, and the associated female was visually located to determine if she had given 

birth or was observed with a fawn.  If the female was not in close proximity to an expelled VIT, 

it was retrieved. However, we delayed collecting expelled VITs located near the implanted 

female to minimize disturbing both the doe and her potential fawn(s).  If we lost signal from a 

VIT, the female associated with that VIT was visually located daily to determine status and 

location using her radio collar frequency. 

We located pronghorn fawns by (1) finding fawns or uncollared females without VITs 

opportunistically, (2) locating females with radio collars and no VITs, or (3) locating females 

with both radio collars and VITs.  Once a fawn was observed, we followed capture protocols 

used by Smith et al. (2013) with > 2 person teams.  We classified fawn captures into three 

categories:  (1) “opportunistic”, where captured fawns were associated with females that had 

neither VITs nor radio collars; (2) “VHF captures”, where captured fawns were associated with 

females with radio collars, but no VITs and (3) “VIT captures”, where fawns were associated 

with females that were fitted with both radio collars and VITs. 

Females and fawns were observed from roads, (~ 500 m away) using binoculars or a 

spotting scope.  Occasionally, slightly higher elevation points were used (when available) to 

search for, and observe both females and fawns. We selected females to focus observations on 

based upon signs of possible fawn presence (i.e., distended udders, staying in one area, circling, 

snorting at observers, etc.) to maximize fawn capture probability. If we observed females ~4 h 

without detecting any fawn(s), we chose another female to watch.  For all observation events, 
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one person watched the female and waited for her to interact with her fawn(s), which were then 

observed until bedding occurred.  Once a fawn bedded and the mother moved away (~ 3-5 m) we 

then approached the fawn, with one person distracting the fawn and the other approaching from 

behind to capture (grab) it. 

Opportunistic fawn captures resulted from direct observations of capturable fawns and 

did not involve observing females with radio collars.  When we observed fawns, we waited for 

them to bed down, and then proceeded to approach them in an attempt to capture.  Frequently, 

fawns that were detected without females with radio collars were too large or too old to capture 

or did not bed down and remained vigilant.  When females has radio collars but no VITs we 

followed their movements day to day to determine if collared females were spending time in one 

specific area. We also kept track of if and when a female had been monitored each day for fawns. 

Finally, VIT-initiated fawn captures occurred when we observed females whose VITs had been 

expelled.  We followed similar monitoring approaches as to the above methods, but used 

expelled VITs to find females with fawns young enough to stay hidden and bedded down when 

capture was attempted.  

Fawn handling times were minimized to reduce stress, and all fawns were handled using 

sterile gloves to minimize scent deposition during capture and handling.  Fawns were blindfolded 

when captured, placed in a pillowcase and weighed with a digital scale for mass (kg).  Each fawn 

was outfitted with an ear tag radio transmitter with a 2 hr mortality switch (M3420, 20g, 

Advanced Telemetry Systems, Inc., Isanti, Minnesota, US).  Fawn sex was recorded, and total 

body length (from tip of nose to base of tail along the spine), chest girth, hind foot length and 

hoof growth and wear (which can be used to age fawns) measured (Sams et al. 1996, Weaver 

2013, N. Quintana, NMDGF, personal communication).  A GPS location was recorded at the 
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capture site.  If a fawn struggled and made noise after being blindfolded, an ear tag transmitter 

was attached, and morphological data were limited to include mass (kg), sex and umbilicus 

condition (if present), to minimize any further handling time or stress.   

When a doe was found with twins an effort was made to capture both fawns. This was 

done by noting the location of each fawn prior to walking in on fawns for capture. We attempted 

to capture twins separately unless twins were located on or in close proximity to one another to 

avoid disturbing the second fawn. If one twin was startled and fled, we attempted to observe 

where it chose to re-bed and capture was initiated after handling of the first fawn occurred. If a 

set of twins was associated with a female with either a VHF collars or both a VHF collar and a 

VIT we returned either later that day or on the following day to attempt a capture of the second 

fawn. Radio telemetry was used to locate the doe and she was observed until fawns were located, 

similar to opportunistic captures. 

RESULTS 

 Twenty six females were outfitted with VITs in 2014.  Of these, seven were censored 

from the study, as four females died of presumed capture myopathy in the first two weeks (see 

Chapter I) and three females departed the study area prior to 15 May 2014.  Of the remaining 19 

females with VITs, 16 VITs were eventually confirmed as expelled or females were observed 

with fawns or both.  Of these 16 expelled VITs, we retrieved 10 (Table 1).  Two additional VITs 

known to be expelled were not recovered due to proximity to fawns, and we decided to not 

recover them at that time.  When we attempted to recover them later, we were unsuccessful as 

the VITs had ceased transmitting.  The remaining four VITs were never relocated due to failure 

to provide detectable signal post expulsion. 
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Vaginal Implant Transmitter Problems 

We first detected VITs signaling expulsion 7 April 2014.  Once expulsion signals were 

detected, females were visually located to determine their status (i.e., with or without a fawn).  

Between 7 April and 17 May 2014, VITs from 17 individual female pronghorns indicated false 

expulsion (i.e., transmitting of expulsion signals, but VITs were still retained).  For two females, 

visual observations of partially protruding VITs (both the antenna and approximately 3 cm of the 

VIT body was visible) confirmed these false expulsions as indicated by the associated expulsion 

signal transmission and PET codes.   

After 7 April 2014 through 18 June 2014 we attempted to obtain visual locations on each 

female daily to assess VIT status and validate true or false expulsion signals.  Those VITs 

indicating expulsion often had a very strong signal and could be heard even when a female was 

not in sight.  Precise event transmitter codes from those determined to be false expulsions 

indicated that the photo sensors had reset overnight.  This was confirmed as PET codes from 

known individuals in the morning would indicate expulsion equivalent in half hours to the 

amount of time since sunrise that morning, not a cumulative total number of hours since 

“expulsion”.  When VITs were truly expelled, VIT expulsion was confirmed by the PET code 

indicating a VIT had been expelled for a long time period than just since sunrise.  For example, if 

the VIT was detected at 07:00 and PET codes indicated the VIT had been expelled for 11 h we 

knew that the VIT was no longer in the female and the PET code was no longer resetting daily as 

was observed in false expulsion instances. 

Some VITs (n = 6) failed to provide detectable signals by the end of May.  Initially, we 

assumed VITs had lost battery life, but a telemetry flight on 5 June 2014 by NMDGF located an 

actively signaling VIT that was previously identified as failed.  We concluded that those VIT 
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signals that “disappeared” were either (a) expelled and the location of the VIT on the ground 

resulted in a weak signal that precluded our detection due to variation in the study site 

topography or (b) diminishing in battery strength, but remained secured in the female.  We then 

observed females with undetectable VIT signals daily and monitored them for possible fawns. 

Two females with “failed signal” VITs were observed with fawns (n = 2), but capture attempts 

failed, as they were too old and remained too vigilant, precluding successful capture.   

A total of 29 fawns were captured from 24 females: 12 fawns from females with 

radiocollars and VITs (n = 8 females); four fawns from females with radiocollars, but no VITs (n 

= 3 females); and 13 fawns from opportunistic captures from females with neither radiocollars 

nor VITs (n = 13 females) (Table 2).  One capture classified as opportunistic was of a fawn that 

later proved to be from a female with a VIT. That VIT had been expelled on 4 June 2014, but 

despite repeated attempts to watch the doe, no fawn was located. Her fawn was captured 

opportunistically through direct fawn observation on 10 June 2014. Sightings of this fawn with 

the female later in the season confirmed the maternal association. However this capture is still 

considered opportunistic because direct fawn observations were used to capture the fawn, not 

VIT expulsion from the female or monitoring of the female post expulsion. 

Time Spent Per Capture (Female and Fawn Observation) 

We spent as much as four hours per potential opportunistic capture (when we watched 

females for potential fawns).  Captures resulting from direct fawn observation took little time (2-

3 minutes to wait for the fawn to bed) if the fawn was young enough to capture.  Most (n = 10) 

opportunistic captures resulted simply from direct observations.  This technique, while 

productive, was almost entirely based intensive observation and luck.  We averaged 1-2 hours 

watching females that were either radio collared or had VITs or both.  We spent more time (1-2 



Texas Tech University, Emily R Conant, May 2016 

126 

hours longer than VIT observations) on females with just collars, although their status could be 

deduced based on daily observations.  

In addition to time spent watching females, opportunistic capture time also involved time 

spent searching for other candidate females.  When females were unmarked it was unclear if we 

spent time watching one female for multiple days, although its location was a good indicator of 

possible re-observation.  Opportunistic captures were most successful when observing fawns and 

waiting for them to bed.  This was most effective with smaller fawns because larger fawns either 

did not bed or remained vigilant when doing so.  When fawns bedded with head and ears down, 

capture efforts were very successful (28 out of 32 attempts).  We attempted to capture those 

fawns that did bed down but remained vigilant, but we were usually unsuccessful as they 

frequently ran away and were quick to react (alert and ready to flee) to capture attempts.   

Captures of fawns associated with VHF collared females were very similar to 

opportunistic captures but we were able to check females daily for signs of fawns.   The majority 

of failed capture attempts occurred when we attempted to catch older fawns who tried to remain 

hidden. All sets of twins were recorded as such on data sheets even if only one fawn was 

captured so an accurate estimate was made of how many twins were born at the study site.  A 

total of five sets of twins were captured in 2014, where  two other captured fawns were 

confirmed  as part of a pair of twins but we were unable to capture the twin. 

Average handling time of fawns during capture was 6 minutes. Capture times ranged 

from 3 minutes to 11 minutes depending on the amount of data collected once researchers had 

the fawn in hand.  Fawns that made an excessive amount of noise were handled for a shorter 

period of time than fawns that were calm and quiet. 
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DISCUSSION  

 Vaginal implant transmitters were useful in helping to locate females that had given birth, 

and capturing associated fawns.  However, fawn capture success was essentially equal for those 

females with radiocollars and VITs and those with neither radiocollars nor VITs.  Fawn captures 

from females with only radiocollars were comparably infrequent, but there were only four 

individual females who fit this description remaining on the study area in 2014.  We caught 

fawns from three of these females.  Daily monitoring of radiocollared females provided an 

opportunity to closely monitor those individuals, and more closely identify female behaviors 

associated with having fawns (i.e., distended udders, staying in one area, circling, snorting at 

observers).   

 Opportunistic fawn capture approaches were quite effective in this study, and in fact, our 

success was likely reduced due to the amount of time spent searching for does with VIT signal 

flux.  Protruding VITs resulted in transmitter signal flux (i.e., false expulsion signal) 

approximately one month (7 April 2014 onwards) prior to the onset of fawning (the first fawn 

from a transmittered female was detected on 25 May 2014).  When these false expulsions began 

to occur, we were not aware they were “false”, and significant time was spent following females 

with VITs signaling expulsion to identify parturition sites and attempt fawn capture.  This 

precluded efforts spent focusing upon opportunistic fawn captures.  However, once we realized 

that PET codes were resetting after sunset, our female monitoring efforts focused upon careful 

deciphering of PET codes and more strategic observations of those females with VITs, rather 

than simply following expulsion signals.  In sum, opportunistic capture chances were likely 

minimized due to these false expulsion issues during the early portions of the fawning season.   
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Arguably, the most significant issue with VIT utility for monitoring parturition sites and 

fawn births in this study was related to false expulsion, due to partial slippage of VITs from the 

vaginal canal.  When exposed to light, signal flux occurred, which created issues with VIT utility 

for identifying fawning events and also reset PET codes.  False expulsion and PET code resetting 

has been reported in other VIT studies with other ungulate species(Seward et al. 2005, 

Johnstone-Yellin et al. 2006, Bishop et al. 2007, Barbknecht et al. 2009).  However, previous 

studies used VITs with temperature-only temperature sensors, which resulted in sensor exposure 

to both solar radiation and ambient light, causing VITs to heat up and send non-expulsion signals 

(i.e., the VIT was signaling that it remained in the female, despite the VIT having been expelled).  

These temperature-based false expulsions precluded use of PET codes for determining VIT 

expulsion timing, and delayed fawn searches for up to 24 hours (Johnstone-Yellin et al. 2006).  

Seward et al. (2005) reported that four VITs failed to change to an expulsion signal due to 

elevated ambient temperatures.   

In the current study, false expulsions were not triggered by temperature-based signaling, 

as VITs were equipped with both temperature and photosensors.  In fact, the presence of the 

photosensors in the VIT allowed us to determine that PET codes were resetting based upon light-

dark conditions.  For example, when PET codes were synchronized with sunrise and sunset, we 

were able to determine the VIT was still secure in the female, and partial protrusion had 

activated the photo sensor, but not the temperature sensor.  Although it took some time to 

decipher that the PET codes were resetting during the early fawning period, both photo and 

temperature sensors work independently and both need to be reset to return the VIT to its internal 

signal.  Without the addition of photo sensors in these VITs we used, PET codes would not have 

reset daily, severely limiting our ability to determine if VITs were ever expelled.  Once we 
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determined that PET codes were resetting daily, we minimized time spent per day on individual 

females by focusing monitoring efforts on confirming PET codes for females that had partially 

expelled VITs.  As such, using both sensors along with PET codes are useful in detecting false 

expulsion, and would be a valuable, if not essential component in future work using VITs.    

Changes in transmitter signal between 40 pulses/minute and 80 pulses/minute depended 

upon the position of the VIT in the female.  The maximum battery life of the VITs used is 264 

days when a VIT is transmitting 40 pulses/minute, which was effectively halved when 

transmitters signal 80 pulses/ minute.  In this study, fluctuations between “internal” and 

“external” transmitter signals clearly limited transmitter battery life, as signals weakened over 

time, in both those VITs in which signals seemed to disappear and those that were not 

recoverable by the end of June.  If pronghorn had given birth later in the season it is possible 

some transmitters would have already experienced battery failure and not be of any use in aiding 

with fawn capture.  Issues with battery failure were also common in other studies (Seward et al. 

2005, Bishop et al. 2007, Barbknecht et al. 2009), and although some have modified transmitters 

to minimize battery wear (i.e., VITs with a 12-hour duty cycle), issues with battery failure still 

occurred (see Bishop et al. 2007).  One major limitation to using duty cycles in VITs is that duty 

cycles eliminate the ability to include PET codes in VITs.  Without VITs that included PET 

codes, we would have not been able to determine if VITs had expelled and would have spent the 

more time following falsely signaling VITs in females, rather than expending more effort 

searching for fawns to capture opportunistically. 

Vaginal implant transmitter signal strength was a common issue in other studies.  

Johnstone-Yellin et al. (2006) found that VIT signals were limited to a range of 500-600 m and 

were best heard in treeless, moderate terrain.  However, Johnstone-Yellin et al. (2006) clipped 
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VIT antennas in their study and found that leaving an antenna protruding by 1-2 cm increased 

VIT signal by 350 m.  Despite this, is unclear if leaving VIT antennas unclipped in our study 

assisted with finding expelled VITs.  We only experienced signal strength issues late in the 

season when it is assume transmitter signals were weakened or had failed due to battery failure. 

Despite issues with protruding VITs and signal flux, no premature complete expulsions 

occurred during this study.  Premature complete expulsion has been a problem in a majority of 

VIT studies (Bowman and Jacobson 1998, Carstensen et al. 2003, Seward et al. 2005, Bishop et 

al. 2007, Haskell et al. 2007, Barbknecht et al. 2009, Tatman et al. 2011).  Premature expulsion 

rates in previous studies ranged from 11% (Carstensen et al. 2003) to 50% (Swanson et al. 2008) 

in white-tailed deer, and Seward et al. (2005) reported a premature VIT expulsion rate of 55% in 

elk and recommended widening wings to keep transmitters in place.  Haskell et al. (2007) also 

recommended using wider wings for use in white-tailed and mule deer, and successful VIT 

expulsions increased from 30% to 70% after VIT modifications were made.  The lack of 

premature complete expulsions indicated that, despite issues with false expulsions, when VITs 

were completely expelled, they correctly indicated that a birth had occurred.   

Although opportunistic capture success was essentially equal to capture success for those 

females with properly functioning VITs, VITs do remain useful for fawn capture.  Typically, 

fawns captured opportunistically, rather than shortly after birth as indicated by VITs, are a few 

days old, and fawns that are 3-5 days old are more agile and can typically escape capture efforts 

(Byers 1997).  Also, opportunistic capture efforts also precludes the ability to determine more 

specific rates of abortion, stillborn births, and true neonatal survival that would only be 

discernible using functional VITs.  These are not irrelevant data, as subsequent fawn survival 

analyses cannot account for fawns that were born, but died, and were essentially removed 
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(unknowingly) from any future, albeit likely biased, survival analyses (Gilbert et al. 2014).  

Properly functioning VITs should assist researchers focus on capturing fawns in the first few 

days of life when they are most vulnerable to mortality, easiest to capture, and can be included in 

fawn survival analyses that would be more conservative and less biased by including those 

individuals that would not have been detected using opportunistic capture techniques only.   

MANAGEMENT IMPLICATIONS 

Although we experienced issues with partial expulsions using VITs in this study, future 

efforts specifically focusing upon neonatal birth sites, and abortion or still birth rates in 

pronghorn may only be accomplished using VITs.  Future studies using VITs in pronghorn need 

to account for, and be conscious of, partial expulsions, and use only VITs that have both photo 

and temperature sensors that provide PET codes upon expulsion.  In future designs, photo 

sensors need to be positioned near the wings of VITs to limit their exposure to sunlight if partial 

expulsion occurs.  Wider wings may also limit partial expulsion of VITs in pronghorn as well by 

securing VITs more efficiently in females.  Specific measurements of pronghorn vaginal canals 

would be useful for pronghorn-specific VIT designs.  Finally, there were no issues with VIT 

signal strength prior to potential battery failure and no transmitters were found with bite marks, 

which indicates antennas should not be clipped on VITs used in pronghorn. 
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Table 2.1.  Numbers of Vaginal Implant Transmitters (VITs) recovered from female pronghorn 

at Fort Stanton, New Mexico, 2014. 

  

VIT Recovery  

  

Recovered Not Recovered Fawns Captured 

Expelled 

 

9 4 12 

Failed signal 

 

1 6 0 
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Table 2.2. Pronghorn fawn captures by type: VIT= capture of fawn facilitated by locating 

expelled vaginal implant transmitter (VIT); VHF= capture of fawn associated with locating 

very high frequency (VHF) radiocollared females without VIT; Opportunistic= capture of 

fawn  observed but unrelated to locating of females without VIT or VHF transmitters. All 

captures were between 25 May and 19 June 2015 at Fort Stanton, New Mexico. 

 Fawn Capture Type  

 VIT VHF Opportunistic
a 

Total 

Number of females 8 3 13 24 

Number of fawns 12 4 13 29 

a  
One fawn recorded here as captured opportunistically was later determined to be from a 

female with a VIT but capture type is considered opportunistic because of the way the fawn 

was captured: through direct fawn observation 

 

 

 


