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ABSTRACT 

 

Juvenile survival may be the most critical component of large herbivore 

population growth, but how neonate survival changes over time and space is not fully 

understood. Neonate survival rates are influenced by maternal care, site-specific 

differences, and are generally characterized by year-to-year variation. Sources of white-

tailed deer (Odocoileus virginianus) fawn mortality across North America include 

predation, natural causes (excluding predation), and both direct and indirect human-

caused mortality. The relative frequency of these causes indicates which sources most 

affect neonate survival and can be easily compared among studies. We used a meta-

analysis approach to elucidate spatial patterns in fawn survival at a landscape-scale across 

North America. However, comparing survival rates across time is not possible when 

confounded by spatial variation. Therefore, we investigated how fawn survival varied 

across time by conducting a neonate survival study in central Pennsylvania to compare a 

current estimate of neonate survival to previous estimates for central Pennsylvania in 

2000–2001. Furthermore, because pre-weaned neonates (<3 months of age) are entirely 

dependent upon maternal care, maternal behaviors can explain variation in neonate 

survival rates from year-to-year. The cost, size, and weight of current bio-logging 

technologies (e.g. global positioning system (GPS) collars) often limit their ability to 

monitor mother-offspring behavior, even for large herbivores. We conducted a pilot study 

to evaluate the performance of a behavioral monitoring bio-logger and detail temporally 

dynamic patterns of maternal behaviors in white-tailed deer.  
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 We conducted a meta-analysis of white-tailed deer fawn survival to identify 

patterns in survival and cause-specific mortality related to landscape characteristics, 

predator communities, and deer population density. We used fawn survival and cause-

specific mortality data from 29 populations in 16 states across North America from 

studies that reported a survival rate to 3–6 months of age, sample sizes, landscape 

descriptions, and cause-specific mortality. We modeled the relationship of fawn survival 

to percentage of agricultural land cover and deer density. We detected fawn survival 

increased as the percentage of agricultural land cover increased. We classified cause-

specific mortality as human-caused, natural (excluding predation), and predation 

according to agriculturally dominated, forested, and mixed (i.e., approximately equal 

parts agriculture and forest) landscapes. Predation was the greatest source of mortality in 

all three landscape types. Mixed landscapes had greater proportions of human-caused 

mortalities, and less mortality due to predators, when compared to forested landscapes 

but not when compared to agricultural landscapes. The proportion of natural deaths was 

similar among mixed, forested, and agricultural landscapes even though overall mortality 

rates differed. We failed to detect any relationship between fawn survival and deer 

density.  

Since 2000–2001, surveillance of wildlife populations suggest varying densities 

of deer, black bear, and coyote populations across Pennsylvania. We assessed differences 

in current estimates of white-tailed deer neonate survival rates and cause-specific 

mortality from 2015 to 2016 in central Pennsylvania to estimations reported during 2000–

2001. We collared neonates in 2015–2016 and monitored survival until 34-weeks of age, 

mortality, or transmitter failure. We captured 55 neonates in north-central Pennsylvania 
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and 43 neonates in central Pennsylvania. At 26 weeks after capture current fawn survival 

was 0.504 (95% CI = 0.337 – 0.621) in an 88% forested landscape in northcentral 

Pennsylvania and 0.708 (95% CI = 0.569–0.848) in central Pennsylvania that contained 

approximately 15% more agricultural land cover. In 2000, 26-week survival estimates 

were 0.456 (95% CI = 0.360 – 0.556) in northcentral Pennsylvania and 0.586 (95% CI = 

0.488 – 0.677) in central Pennsylvania.  We failed to detect any long-term change in fawn 

survival rates or predator abundances in the areas designated as Wildlife Management 

Units by the Pennsylvania Game Commission that surrounded our study areas.   

Neonates have the most variable survival in large herbivore species and maternal 

care influences early survival. We conducted a pilot study to evaluate the performance of 

a behavioral monitoring bio-logger (separation sensor) and documented temporally 

dynamic patterns of maternal behaviors in white-tailed deer. We monitored the behaviors 

of 5 mother-fawn pairs including 3 sets of twins from parturition until fawn mortality or 

censorship resulting in 5 mothers with 8 total fawns. Given our limited sample size, our 

ability to discuss the factors that influence maternal behavior is limited; however, we 

demonstrated the ability of this technology to effectively study maternal behaviors. Using 

the separation sensor, mothers with twins increased the amount of time spent near their 

fawn immediately after monitoring began; although we did not observe this pattern in the 

one mother we monitored who had only one fawn and maternal behavior varied greatly 

among individuals. Our results suggest the techniques and technology we employed can 

be valuable to research studying female attentiveness as a measure of maternal behavior 

to examine ecological questions such as maternal favoritism (i.e., Trivers-Willard 

theory). 
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Chapter 1  
 

Landscape-level Patterns in Fawn Survival across North America 

Chapter 1 was written in collaboration with Duane R. Diefenbach, Christopher S. 

Rosenberry, and Bret D. Wallingford and has been submitted to the peer-reviewed 
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manuscript on the following pages as formatted for the Journal of Wildlife Management, 

I am first author.   
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ABSTRACT A landscape-level meta-analysis approach to examining early survival of 

ungulates may elucidate patterns in survival not evident from individual studies. Despite 

numerous efforts, the relationship between fawn survival and habitat characteristics 

remains unclear and there has been no attempt to examine trends in survival across 

landscape types with adequate replication. In 2015–2016, we radiomarked 98 white-tailed 

deer (Odocoileus virginianus) fawns in 2 study areas in Pennsylvania. By using a meta-

analysis approach, we compared fawn survival estimates from across North America 

using published data from 29 populations in 16 states to identify patterns in survival and 

cause-specific mortality related to landscape characteristics, predator communities, and 

deer population density. We modeled fawn survival relative to percentage of agricultural 

land cover and deer density. Estimated average survival to 3–6 months of age was 0.414 

± 0.062 (SE) in contiguous forest landscapes (no agriculture) and for every 10% increase 

in land area in agriculture, fawn survival increased 0.049 ± 0.014. We classified cause-

specific mortality as human-caused, natural (excluding predation), and predation 

according to agriculturally dominated, forested, and mixed (i.e., both agricultural and 

forest cover) landscapes. Predation was the greatest source of mortality in all landscapes. 

Landscapes with mixed forest and agricultural cover had greater proportions and rates of 

human-caused mortalities, and lower proportions and rates of mortality due to predators, 

when compared to forested landscapes. Proportion and rate of natural deaths did not 

differ among landscapes. We failed to detect any relationship between fawn survival and 

deer density. The results highlight the need to consider multiple spatial scales when 

accounting for factors that influence fawn survival. Furthermore, variation in mortality 



3 

 

sources and rates among landscapes indicate the potential for altered landscape mosaics 

to influence fawn survival rates. Wildlife managers can use the meta-analysis to identify 

factors that will facilitate comparisons of results among studies and advance a better 

understanding of patterns in fawn survival.     

KEY WORDS fawn, meta-analysis, North America, Odocoileus virginianus, survival, 

white-tailed deer. 

Landscape structure and composition affect wildlife population dynamics by modifying 

the source and frequency of mortality (Hahn and Hatfield 1995, Donovan and Jones 

1997, Ellis et al. 2012). The relative frequency of mortality in different landscapes can 

provide insight into factors that influence population persistence (Collins and Kays 

2011). Survival rates of neonates of large herbivore species vary across North American 

landscapes and neonate survival is an important source of variation in population growth 

rates. Neonatal survival is sensitive to changes in population density and habitat 

characteristics when compared to older life stages (Pettorelli et al. 2003). As such, 

identifying landscape-level patterns in neonate survival may provide a better 

understanding of factors that influence population growth.  

Given that white-tailed deer (Odocoileus virginianus) occupy a diversity of 

landscapes across North America, accounting for variation in fawn survival requires 

understanding how landscapes influence mortality.  Agriculture has assisted in recovery 

of generalist predator species (Oehler and Litvaitis 1996), altered spatial concentration of 

quality deer food sources (Sol et al. 2013), and increased human-related disturbances that 

lead to fawn mortality (e.g., agricultural activities such as hay mowing, roads). 

Agricultural landscapes generally occur on more productive soils than forested 
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landscapes, which may increase availability of high-quality forage from crops that can 

complement natural food sources for pregnant or nursing females (Mautz 1978, Shaw et 

al. 2010, Hewitt 2011). As a result, females in agricultural landscapes with access to 

higher quality food resources may experience an elevated individual nutritional state and 

rear fawns that experience greater growth rates (Therrien et al. 2008). Sources of 

potential optimal foraging opportunities in agricultural landscapes, however, could be 

contrasted by human-related disturbances (e.g., hay mowing, vehicles) and lead to 

increased fawn mortality. Furthermore, human-dominated landscapes may alter predator-

prey interactions (Rodewald et al. 2011).  

Another factor potentially influencing fawn survival is population density. Among 

K-selected (i.e., density-dependent and slow-paced life histories) and iteroparous species, 

high population density can adversely affect body condition and reduce recruitment and 

survival via increased intraspecific competition (Clutton-Brock et al. 1987, Simard et al. 

2014). Intraspecific competition limits forage availability and results in density-related 

responses via social stress, disease transmission, or behavioral modification (Ozoga and 

Verme 1986, Putman et al. 1996). For example, Ozoga et al. (1982) suggested 

competition for space in high-density populations could lead to lack of isolation in 

mother-fawn pairs and subsequent improper bonding and higher fawn mortality. 

However, it can be difficult to detect how population size alone may influence various 

population dynamics because the level of intraspecific competition is partially determined 

by the population size relative to critical limiting resources (Bowyer et al. 2014). 

Ultimately, early life stages are likely the first to experience negative effects of increased 

population density (e.g., reduced body size at birth and slower growth rates) for long-
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lived vertebrate species and the consequences of these negative effects may not be offset 

later in life (Eberhardt 1977, Hewison et al. 2002). 

A meta-analysis of fawn survival studies could elucidate patterns in fawn survival 

not evident within a single region or population. Individual studies often limit the ability 

to detect patterns in survival because site-specific differences influence fawn mortality 

(Pettorelli et al. 2005, Shuman et al. 2017). Despite decades of research, uncertainty 

about the relationship between fawn survival and habitat remains. Individual studies 

accounting for how microhabitat characteristics (e.g., vegetation height) and macrohabitat 

characteristics (e.g., forest patch density) influence fawn survival are often contradictory 

and do not adequately represent the association between fawn survival and habitat 

characteristics at larger spatial scales. Previous studies suggest certain microhabitat 

characteristics at bed sites may increase white-tailed deer fawn survival (Brinkman et al. 

2004, Grovenburg et al. 2010); however, Chitwood et al. (2015) reported only weak 

support for this conclusion. A positive association between macrohabitat characteristics 

within a fawn’s home range, and fawn survival observed by (Rohm et al. 2007) was not 

observed by similar studies (Vreeland et al. 2004, Grovenburg et al. 2011). Furthermore, 

although mortality rates vary greatly among landscapes, hypotheses that address the 

cause of this variation are conflicting. For example, heterogeneous landscapes can 

support greater densities of predators (Oehler and Litvaitis 1996) even though prey in 

heterogeneous landscapes can experience lower mortality rates as predators exploit 

alternative (human-created) food resources (Stephens et al. 2005, Rodewald et al. 2011). 

Recent studies regarding potential landscape-scale characteristics that affect fawn 

survival lack replication among representative landscapes and limit the ability to 
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differentiate between the effects of landscape-scale habitat characteristics and regional 

differences (Rohm et al. 2007, Gulsby et al. 2017).  

 We conducted a meta-analysis of white-tailed deer fawn survival, combined with 

our own data, to evaluate how demographic and environmental variables influence 

survival and mortality. First, we hypothesized fawn survival is related to landscape-level 

land use, and predicted that fawn survival would be higher in agricultural landscapes that 

provide high-quality foraging opportunities. Second, we investigated the source and rate 

of cause-specific mortality among landscapes. We predicted 1) a greater proportion and 

rate of human-caused deaths in agricultural landscapes, 2) a lower proportion and rate of 

predation-caused deaths in mixed landscapes (i.e., both forest and agricultural land cover) 

because adult females and fawns exploit security cover in forested patches and forage in 

nearby agricultural patches, 3) a lower proportion and rate of natural-caused fawn deaths 

(excluding predation) in agricultural landscapes because agricultural landscapes generally 

occur on more productive soils, which would suggest that females have access to higher 

quality forage (natural and cultivated) and may produce fawns in better condition. Also, 

we investigated the relative amount of mortality attributed to canids, black bear (Ursus 

americanus), and bobcat (Lynx rufus) and predicted 4) a lower proportion and rate of 

canid predation in mixed landscapes when compared to forested and agricultural 

landscapes because of the availability of alternative food sources for predators. Finally, 

we hypothesized that fawn survival is related to deer density and predicted lower fawn 

survival in high-density deer populations because of increased intraspecific competition. 

STUDY AREAS 
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 We monitored fawn survival and cause-specific mortality in 2 study areas in 

Pennsylvania (Fig. 1). The northern study area (NS; 155 km2) was located in the 

Susquehannock State Forest in Potter County and part of the Deep Valleys section of the 

Appalachian Plateaus physiographic region (Cuff et al. 1989). Pennsylvania lies within 

the humid continental climate zone and the seasons were characterized by cold winters 

(mean temperature = 24.2°F) and humid summers (mean temperature = 68.8°F) with the 

majority of precipitation occurring in spring and early summer (Northeastern Regional 

Climate Center [NRCC] 2018). The NS topographic features were plateaus at 

approximately 800-m elevation dissected by steep drainages at approximately 220 m. In 

the region surrounding the NS, the Northwest Plateau, the mean annual temperature was 

47.4°F and mean annual precipitation was 45.61 inches (NRCC 2018). A mixture of 

northern hardwoods and conifer forest types comprised 88% of the NS based on the 2015 

National Agricultural Statistics Service Cropland Data Layer. Dominant tree species were 

red maple (Acer rubrum), sugar maple (Acer saccharrum), black cherry (Prunus 

serotina), and American beech (Fagus grandifolia). Agricultural land cover (row crops, 

hay and alfalfa fields, pastures) comprised <1% of the total NS land area. Remaining land 

cover was open water, roads, and others. Pre-hunting season deer densities in the NS 

were 9.2 deer/km2.  

The southern study area (SS; 239 km2) was in Centre, Mifflin, and Huntingdon 

counties in the Ridge and Valley physiographic region in central Pennsylvania (Cuff et al. 

1989). The SS contained 178 km2 of Rothrock State Forest and approximately 6 km2 of 

Bald Eagle State Forest.  Topographic features consisted of long, parallel ridges and 

valleys along a northeast-southwest axis (Cuff et al. 1989). In the Central Mountain 
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Region of Pennsylvania that surrounded the SS the mean annual temperature was 48.0°F 

and mean annual precipitation was 44.82 inches (NRCC 2018).  Agricultural land cover 

(row crops, hay, alfalfa, and pastures) comprised 15% of the total SS land area. The oak-

hickory forest type usually contained an understory layer of ericaceous shrub species 

(Vaccinium spp., Gaylussacia spp., Gaultheria procumbens, and Kalmia latifolia) and 

comprised 79% of the land area. Dominant tree species were red and white oaks 

(Quercus spp.) along with red maple, black birch (Betula lenta), black gum (Nyssa 

sylvatica), and hickory (Carya spp.). Pre-hunting season deer densities in the SS were 

approximately 10.3 deer/km2. Potential fawn predator species in both study areas 

included black bear, coyote (Canis latrans), red fox (Vulpes vulpes), grey fox (Urocyon 

cinereoargenteus), and bobcat (Lynx rufus). Harvest and population data indicated 

predator densities were higher in NS than in SS (Rosenberry 2009, Johnson 2016).  

METHODS 

To assist in fawn captures, we captured adult female deer from January to April 

2015–2016 using rocket nets and single-gate clover traps (Hawkins et al. 1968, 

Carstensen et al. 2009), and inserted a vaginal implant transmitter (VIT; Vectronic 

Aerospace, Berlin, Germany) under protocols approved by The Pennsylvania State 

University Institutional Animal Care and Use Committee (Protocol No. 47054). To insert 

a VIT, we sedated female deer with a 150-mg  intramuscular injection (IM) of xylazine 

hydrochloride and following the procedure, reversed sedation with 150 mg of tolazoline 

hydrochloride given by intramuscular injection. Also, we administered a 1,400-mg 

intramuscular injection of oxytetracycline if cuts and abrasions occurred during capture. 



9 

 

We fitted females with a global positioning system (GPS) satellite radio-collar 

(GPS Plus, Vectronic Aerospace, Berlin, Germany) linked to the VIT, so that when the 

VIT was expelled, the change in temperature of the VIT signaled the GPS collar to 

transmit a message that a potential birth had occurred. We waited ≥6 hours after 

receiving notification of expulsion before initiating searches to ensure a social bond was 

established between mother-fawn pairs (Kilgo et al. 2012). We conducted additional 

searches 8–48 hours after the initial search if we did not locate fawns.  

During 10 May to 15 June in 2015 and 16 May to 7 July in 2016, we used a fawn 

bleat (Diem 1954, Vreeland et al. 2004) to provoke postpartum maternal behaviors in 

free-ranging adult females (White et al. 1972, Ozoga et al. 1982) during vehicle searches 

along roads and trails (Vreeland et al. 2004, Rohm et al. 2007, Grovenburg et al. 2012). If 

we observed maternal behavior or an isolated female, a team of 2 to 5 people conducted a 

grid search of the immediate area. Crews in the SS also searched hay and clover fields, 

with or without sightings of a female, on private lands.  

We marked fawns with a numbered, plastic tag in each ear (National Band and 

Tag, Newport, KY, USA) imprinted with a toll-free telephone number and notification of 

a $100 reward if found and reported. We fitted each fawn with an expandable, very high 

frequency (VHF) radio-collar (Vectronic Aerospace or Advanced Telemetry Systems, 

Isanti, MN, USA). Fawn collar transmitters remaining motionless for 4 hours transmitted 

a signal indicating a possible mortality.  

We monitored survival of radio-collared fawns via ground-based telemetry twice 

daily from capture until mid-August, 1 to 7 times weekly from mid-August through early 

December, and 1 to 3 times weekly thereafter until mortality or collar failure. We 
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investigated all fawn mortality within 24 hours of signal detection. We noted vegetative 

disturbance, carcass condition, presence of predator scat or prints, and any predator-

specific kill characteristics to identify the likely predator species (Vreeland et al. 2004). 

We identified causes of mortality via information obtained from the mortality site and 

carcasses. We collected carcasses for necropsy at the Pennsylvania State University 

Animal Diagnostic Laboratory. We classified cause of death as predation, human-caused, 

natural (excluding predation), and unknown.   

We used known-fate models in Program MARK version 6.1 (White and Burnham 

1999) to estimate weekly fawn survival. We estimated survival at 26 weeks of age 

because this is common in other studies (Huegel et al. 1985, Nelson and Woolf 1987, 

Decker 1992, Kunkel and Mech 1994). We constructed 3 candidate models for the NS 

and SS to investigate the influence of using VITs to capture fawns on estimates of fawn 

survival and decided a priori to incorporate a time variable into every model (i.e., 

survival varied by week). The 3 models of fawn survival included 1) only a time effect 

(S[week]), 2) lower survival for fawns captured using VITs (an additive model where the 

difference between groups was constant on the logit scale; S[week + VIT]), and 3) 

survival for fawns captured using VITs differed from fawns captured opportunistically 

(S[week × VIT]). We compared models using Akaike’s Information Criterion adjusted 

for sample size (AICc; Burnham and Anderson 2002).  We selected the model with the 

lowest AICc as the best model. We considered fawns at risk from date of capture and 

estimated survival by weeks since capture to meet the assumption that all individuals had 

the same mortality risk in each time period (Pollock et al. 1989). We censored fawns 

when we recovered a transmitter with no evidence of mortality.  
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Meta-Analysis  

 We used Google scholar and EBSCO host to search for published reports (both 

peer-reviewed and theses) of white-tailed deer fawn survival in North America and 

included studies that reported fawn survival rate, sample size, and cause-specific 

mortality. Most mortality in many ungulate species occurs during the first 8 weeks of life 

(Linnell et al. 1995) so we considered 3–6-month survival rates comparable. As a result, 

all studies used in the meta-analysis provided survival estimates for 3–6 months after 

birth. When evaluating how fawn mortality varied among landscapes, we excluded 

studies that did not detail land cover type (i.e., forest, agriculture).  

To investigate the association between fawn survival and landscape-level land 

use, we performed a weighted linear regression using the package stats in Program R (R 

Development Core Team 2016), in which the weights were study sample size. We 

included studies that provided fawn survival rate, sample sizes, and reported landscape 

cover (e.g., forest, agriculture) as percentages. We used fawn survival rate as the response 

variable and percentage of agricultural land cover as the independent variable. Forested 

land cover and agricultural land cover were inversely related (r = –0.963, n = 14); 

therefore, we did not include percent forest cover as an independent variable. We 

compared the land cover model to an intercept-only model using AICc (Burnham and 

Anderson 2002). If multiple years were reported, we averaged survival rates. Also, we 

averaged the land cover percentages for studies by Rohm et al. (2007) and Grovenburg et 

al. (2011, 2012), which reported land cover statistics for 2 study areas but a single fawn 

survival rate. We tested assumptions of normality of the residuals and equal variances 
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using a Shapiro-Wilks test and a plot of residuals versus predicted values, and used α = 

0.05 to infer statistical significance. 

We classified cause of death into 3 categories: human-caused (e.g., harvest, illegal 

harvest, roadkill, fence entanglement), natural excluding predation (e.g., malnutrition, 

disease, abandonment, drowning), and predation. We calculated the proportion (i.e., the 

source) and rate (proportion × mortality rate) of mortality causes. We calculated 

proportions from all recorded instances of death for studies that reported cause-specific 

mortality information and described the dominant land cover type in their study area. We 

determined how human-caused, natural, and predation-caused mortality rates varied 

among landscapes using studies that presented cause-specific mortality, survival estimate 

for 3–6 months of age, and land cover descriptions. We calculated the proportion and rate 

of canid predation (i.e., coyote and domestic dog predation) because it is difficult to 

distinguish between coyote and domestic dog predation when assigning cause of death. 

We calculated mortality rates by multiplying the proportion of death attributed to 

a certain source by the reported mortality rate (1 – survival rate) for each study. Because 

we used proportional mortality data, we used a logit transformation, loge(p/[1–p]), to 

satisfy the assumptions of linear modeling (Warton and Hui 2011) for all proportions 

throughout analyses. We replaced zero values in the mortality proportion data with the 

minimum non-zero value (Warton and Hui 2011).  

We identified 3 landscape categories (i.e., agriculture, forest, mixed landscapes) 

and classified land cover as majority forest or agriculture when these land types 

comprised of >70% of the land area. Agricultural landscapes were composed of 

cultivated land, pasture, and grassland. We classified landscapes with <70% forest or 
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<70% agriculture that contained both agricultural and forested cover as mixed. For 

example, we classified Burroughs et al. (2006) as a mixed landscape because it contained 

54% agricultural and 32% forest (i.e., neither forest nor agriculture composed >70% of 

the landscape). We used data from studies that expressed landscape composition in 

explicit percentages and studies that stated whether agriculture or forest were dominant 

vegetative types in their study area.   

We used analysis of variance (ANOVA) to test for differences between 1) the 

proportion and rate of predation-, human-, and natural-caused deaths, 2) the proportion 

and rate of predation-caused deaths among forested, mixed, and agricultural landscapes, 

3) the proportion and rate of human-caused deaths among landscapes, 4) the proportion 

and rate of natural-caused deaths among landscapes, 5) the proportion of black bear, 

bobcat, and canid predation, and 6) proportion and rate of canid predation among 

landscapes. If the normality assumption was violated, we performed a non-parametric 

Kruskal-Wallis test for differences among proportion and rates. 

We used a weighted linear regression to test the association between fawn 

survival and deer population density (deer/km2) and deer density/forested km2 using the 

package stats in Program R (R Development Core Team 2016). We used fawn survival 

rate as the response variable and deer density (or deer density/forested km2) as the 

independent variable weighted by sample size. We tested assumptions using the Shaprio-

Wilks test for normality and a plot of residual versus fitted values. We compared this 

model to an intercept-only model using AICc. We used the midpoint of density estimates 

if a range of deer densities was reported. For example, Kilgo et al. (2012) reported a deer 

density of 4–8 deer/km2 and we used a deer density of 6 deer/km2.  
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RESULTS 

 Field Study 

We captured 98 fawns: 43 fawns in the SS and 55 in the NS. Of the 98 radio-

collared fawns, 36 died and 15 were censored by 26 weeks. We captured 16 fawns using 

VITs: 4 fawns in the SS and 12 in the NS. Survival at 26 weeks was 0.51 (95% CI = 

0.37–0.65) in the NS and 0.71 (95% CI = 0.55–0.83) in the SS. Analysis of survival to 26 

weeks indicated fawn survival varied by week in the SS (AICc weight = 0.598) and the 

NS (AICc weight = 0.657; Table 1). Sample sizes were too small to estimate parameters 

for both models that included an effect for method of capture (S[week + VIT] and 

S[week × VIT]).  

Proportions of mortality by cause were similar between the NS and SS (
 
= 5.7, 

P = 0.055). Predation was the leading cause of death in the NS, but in the SS predation 

and natural deaths were the leading sources of mortality. The source of predation differed 

between the NS and SS (   = 9.0, P = 0.028); black bears accounted for most predation 

deaths in the NS and bobcat predation was most prevalent in the SS. 

Meta-Analysis 

Twenty-six publications of 29 populations met the criteria for inclusion in the 

meta-analyses of the 37 publications we found across the range of white-tailed deer in 

North America (Fig. 2, Appendix A). The current field study, Vreeland et al. (2004), and 

Warbington et al. (2017) described their 2 study areas in enough detail to treat each study 

area as a separate population.  

2

3

2

2
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We found a positive relationship between the amount of agricultural land cover 

and fawn survival (R2 = 0.502, P = 0.004; Table 2; Fig. 3), which was better than an 

intercept-only model (ΔAICc = 5.87). The linear model was: 

Ŝ  = 0.414 + 0.0049 × (% agriculture), 

where fawn survival to 3–6 months of age averaged 0.414 ± 0.062 (SE) in contiguous 

forest landscapes (no agriculture) and for every 10% increase in land area in agriculture, 

fawn survival increased 0.049 ± 0.014. The 3 lowest survival rates occurred in the 

southeastern United States (Kilgo et al. 2012, Chitwood et al. 2015, Shuman et al. 2017), 

but even if we excluded these data, the relationship remained significant (R2 = 0.435, P = 

0.027), and survival increased 0.029  ±  0.011 (SE) for every 10% increase in agricultural 

land cover. 

 The proportion of deaths attributed to predation-, human-, and natural-causes 

differed (  = 50.080, P < 0.001; Fig. 4A, Appendix B) as did the rate of mortality due 

to predation-, human-, and natural-causes (   = 23.223, P < 0.001; Fig. 4B). Predation 

was the largest source of death; proportions of predation ( = 0.657, 95% CI = 0.558–

0.745) were greater than proportions of human-caused (  = 0.069, 95% CI = 0.047–

0.101) and natural deaths ( = 0.185, 95% CI= 0.131–0.255). Natural deaths were a 

greater source of mortality than human-caused deaths. However, the rate fawns died from 

natural causes ( = 0.068, 95% CI = 0.042–0.107) was similar to the rate fawns died 

from human-causes (  = 0.031, 95% CI = 0.019–0.050). Predation rate ( = 0.236, 95% 

CI = 0.158–0.338) was greater than human-caused mortality rate and natural-caused 

mortality rate. The assumption of normality was not met for these analyses, so we used 

2

2

2
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Kruskal-Wallis tests. All other analyses hereafter met the assumption of normality and 

we used ANOVA with the logit transform of proportions and rates. 

 The source (i.e., the proportion) and rate (proportion × mortality rate) of cause-

specific mortality differed among landscapes (Table 4). Although predation was the 

leading source of death in all landscapes, proportions of predation and predation rate 

differed among landscapes (Table 3; Table 4). In mixed landscapes, we detected lesser 

proportions of predation and predation rates compared to forested landscapes. Also, we 

predicted a greater proportion of human-caused deaths in agricultural landscapes; 

however, proportions of human-caused deaths and human-caused mortality rates were 

greater in mixed landscapes when compared to forested landscapes (Table 4). Although 

we predicted natural-caused deaths would be a smaller source of mortality in agricultural 

landscapes, we did not detect any differences among the proportion or rate of natural-

caused mortality among landscapes (Table 4). Furthermore, although predation was lesser 

in mixed landscapes when predator species were considered together, we did not detect 

any differences in the proportion of canid-related deaths or canid predation rate among 

landscapes (Table 4).  

 Canid, bobcat, and black bear predation were not similar sources of mortality (F2, 

52 = 20.58, P < 0.001). The proportion of canid predation (  = 0.401, 95% CI = 0.297–

0.515) was greater than the proportion of bobcat predation (  = 0.067, 95% CI = 0.041–

0.109; P < 0.001) and bear predation ( = 0.165, 95% CI = 0.083–0.302; P = 0.025). 

Proportions of bobcat and bear predation were similar (P = 0.092). Too few studies with 

black bear or bobcat present were available to investigate differences in predation rates 

among species.  

x

x

x
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We predicted fawn survival would be lower in high deer density populations. 

However, we failed to detect a relationship between deer density (deer/km2, P = 0.782; 

Fig. 5A) or deer/forested km2 (P = 0.099; Fig. 5B) and fawn survival (Table 2).  

DISCUSSION 

By conducting a meta-analysis of fawn survival rates, we detected patterns in 

fawn survival at a landscape-level that were not evident from individual studies. 

Associations between habitat characteristics and fawn survival remain unclear within 

individual studies. A limited spatial perspective may explain conflicting results because 

examination of life-history characteristics in large herbivores is sensitive to the scale of 

observation (Hewitt 2011). To our knowledge, this meta-analysis is the first examination 

of the association between habitat characteristics and fawn survival with replication 

among landscape types.  

 Multiple studies conducted within the 3 landscape categories strengthen 

inferences that the differences in fawn survival detected by the meta-analysis were due to 

landscape-scale habitat characteristics rather than region-specific differences; however, 

there are several potential weaknesses in a meta-analysis approach. We assumed similar 

spatial structure within forested landscapes because quantifying the level of landscape 

heterogeneity, patch sizes, or vegetation structure and composition among landscapes 

was not possible. Similarly, the agricultural landscape category included grassland and 

pasture, but we could not evaluate differences within agricultural landscapes such as 

agriculture cover type (e.g., soybeans, corn), which might influence nutrient availability. 

Evaluating fawn survival in agricultural landscapes and differentiating among crop types 

(i.e., corn, soybean, cotton) could provide more insight regarding the relationship 
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between agriculture and fawn survival. Using a meta-analysis approach to evaluate 

landscape-level effects of land cover type is challenging, but large herbivores make 

decisions at large scales and can move among landscapes (Hebblewhite and Merrill 

2009). Thus, it is important to understand how land cover affects large herbivore 

dynamics at a landscape level. 

Sampling unit differences across studies (i.e., study area size) and different 

methodologies can produce variation in survival and density estimates and cause-of-death 

determination. For example, relying on fawn searches may result in an overestimation of 

fawn survival if you are less likely to capture fawns that die within a few days of birth 

(Gilbert et al. 2014, Chitwood et al. 2017). The use of VITs has recently become 

widespread in fawn survival studies. As a result, we combined studies that used 

opportunistic capture methods (i.e., grid searches) and more recent studies that use VITs 

in the meta-analysis. However, when we excluded studies that used VITs, we still found 

the same relationship between survival and percentage of agriculture on the landscape (n 

= 8, R2 = 0.582, P = 0.046) 

Overall fawn survival was positively associated with agricultural land cover, 

which supports hypotheses of a higher nutritional plane potential in agricultural 

landscapes benefiting lactating females (Hewitt 2011, Warbington et al. 2017). White-

tailed deer population declines have been described in landscapes where agricultural land 

cover exceeds 75%, but we did not observe lesser fawn survival in Grovenburg et al. 

(2011, 2012) where the study area’s agricultural land cover exceeded 75% in comparison 

to other studies in the meta-analysis where agricultural land cover did not exceed this 

threshold (Hewitt 2011). However, in contradiction to the hypothesis of agricultural 
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landscapes providing higher quality deer forage and offsetting starvation and disease-

related deaths, we did not find less fawn mortality due to natural causes in agricultural 

landscapes. Natural sources of mortality (e.g., starvation, abandonment) occurred in 

similar proportions across all landscape types. These findings suggest that agricultural 

land cover increases fawn survival but probably not by reducing the rate of natural-

caused mortality.  

Although speculative, it is plausible the result of similar rates of natural-causes 

mortality among landscapes might be confounded because we defined natural-caused 

mortality as any deaths deemed abandonment, disease, and starvation. Starvation-related 

deaths could be affected by nutrients within a landscape, whereas abandonment and 

disease may not, resulting in similar natural-caused deaths among landscape types. Also, 

factors other than nutrient availability could have influenced the greater fawn survival we 

observed in agriculture areas. Unfortunately, the meta-analysis could not address 

questions of the mechanisms for the observed mortality patterns.  

Compared to natural-caused deaths and predation, Linnell et al. (1995) indicated 

that human activity (e.g., killed by agricultural machinery and vehicle collisions) plays a 

relatively small role in ungulate neonate mortalities; however, our results partially 

contradict this finding. Although humans were the smallest source of mortality, natural 

and human-caused deaths occurred at similar rates, suggesting human stressors may play 

a greater role than previously thought. Human-causes were the smallest source of 

mortality, but mixed landscapes had greater rates and proportions of human-caused 

deaths when compared to forested landscapes. In mixed landscapes, the combination of 
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mowing-related deaths, hunter harvest, and vehicle collisions resulted in greater human-

caused mortality than in forested landscapes.  

Predation was the most common cause of death, but proportions of predation 

differed among landscapes, indicating land-use changes by humans may alter predator-

prey dynamics. Fawns are a temporally limited food resource and lack specialized 

predators; consequently, their generalist predators may make trade-offs between human-

created food resources (e.g., crops) and fawns (Burroughs et al. 2006, Mattisson et al. 

2016). As such, human activity can create a low-risk–high-forage scenario for prey in 

landscapes with greater human influence (Rodewald et al. 2011). Alternatively, 

opportunistic omnivores such as black bears may encounter fawns while seeking reliable 

human-created food resources and increase fawn predation risk in landscapes with greater 

human influence (Bastille-Rousseau et al. 2011). Nevertheless, the proportion and rate of 

predation-related deaths were less in mixed landscapes when compared to forested 

landscapes, suggesting human activities or effects may reduce predation risk.  

 Similar predation rates between forested and agricultural landscapes suggest 

human activity alone does not explain lower predation rates in mixed landscapes. Mixed 

landscapes are more heterogeneous and contain more edge when compared to forested 

landscapes. It remains unclear how edge habitat affects predation, but at the landscape-

level we observed less predation in heterogeneous landscapes. Contrary to observations 

of reduced coyote predation risk for fawns with increased edge habitat within their home 

range (Rohm et al. 2007, Gulsby et al. 2017), we did not observe a lesser proportion of 

canid predation in mixed landscapes even though overall predation rates were lower. 

More research is needed at multiple spatial scales to determine how mixed landscapes 
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influence predation rates and predator densities. For example, high-contrast edges are 

commonly associated with greater predator densities (Oehler and Litvaitis 1996), 

potentially increasing fawn predation risk in these areas. Alternatively, edges may harbor 

fewer predators (Cherry et al. 2017), provide alternative food resources for predators, and 

increase predator foraging efficiency among cover types, resulting in lower predation 

rates (Burroughs et al. 2006, Rohm et al. 2007, Gulsby et al. 2017).  

Canid predation was a greater source of mortality than black bear or bobcat 

predation. Coyotes are commonly listed as the primary predator within studies and are a 

source of additive mortality in the southeastern United States (Kilgo et al. 2012, Watine 

and Giuliano 2015). Black bears accounted for similar, or greater, proportions of 

mortality when compared to coyotes in several studies we reviewed (Ballard et al. 1999, 

Vreeland et al. 2004). However, because we could not determine the rate of black bear 

predation, inferences concerning how these sources of predation influenced fawn survival 

is limited. Estimating coyote and black bear predation rates would provide insight into 

the relative influence of these predators on fawn survival and may be particularly 

important for multi-predator systems (Shuman et al. 2017).  

We may have failed to detect a relationship between fawn survival and deer/km2 

or deer/forested km2 because density alone does not reflect the population size relative to 

carrying capacity, which would determine the level of intraspecific competition within a 

landscape (Bowyer et al. 2014). We investigated both measures of density because other 

behaviors (e.g., dispersal) depend on deer density per unit of forest on the landscape 

(Long et al. 2005, Lutz et al. 2015). Environmental quality influences a system’s carrying 

capacity and the effect of density-dependent factors, such as forage availability (Iijima 
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and Ueno 2016). Disentangling the effects of co-occurring density-dependent and 

density-independent factors is difficult (Pierce et al. 2012). For instance, Bowyer et al. 

(2014) noted that although winter severity is commonly listed as density independent, the 

resource availability afforded to populations well below carrying capacity could result in 

greater survival because of a physiological buffer against such weather. Consequently, 

covariation in carrying capacity and deer density likely contributed to a lack of detection 

of a relationship between fawn survival and population density. 

Developing a better understanding of ungulate life-history characteristics 

necessitates examination of population dynamics at multiple spatial scales and with a 

level of uniformity among studies to allow comparison. We could not include results 

from several studies in the meta-analysis because of ambiguity in their reporting of 

cause-of-death and survival rates (e.g., survival reported at 26 weeks, but cause-of-death 

summarized at 1 year), and poorly detailed study area descriptions. Even so, we detected 

patterns at a landscape level not evident from individual studies. Patterns detected by the 

meta-analysis underscore the importance of considering landscape characteristics when 

examining survival at early life stages. Future studies may consider land cover type and 

arrangement at several spatial scales within their region because these factors can 

influence survival and mortality risk (Gulsby et al. 2017). 

MANAGEMENT IMPLICATIONS 

For managers and decision-makers concerned with fawn recruitment, the results 

of the meta-analysis indicate efforts to alter fawn survival will be challenging. Although 

predation was the largest source of mortality and occurred at the greatest rates, predator 

control efforts are difficult and often unsuccessful.  Managers looking to influence fawn 
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mortality by increasing structural diversity and maintaining a heterogeneous landscape 

structure with a mix of agriculture and forest may observe less fawn predation. However, 

greater rates of human-caused mortalities in mixed landscapes may offset fewer 

predation-related deaths. Thus, alternative management approaches, such as reduced 

antlerless harvests, may be more effective at achieving deer population objectives than 

attempts to manipulate the factors that influence fawn mortality. Ultimately, recruitment 

rates, for a given reproductive rate, likely will be lower in forested landscapes. In 

populations above desired densities, antlerless harvest may have to be proportionally 

greater in agriculturally dominated landscapes than forested landscapes given the greater 

fawn survival. The broad patterns in fawn survival highlighted by the meta-analysis, 

however, are best considered in conjunction with local monitoring efforts because fawn 

survival is influenced by site-specific differences (Shuman et al. 2017).  

LITERATURE CITED 

Ballard, W. B., H. A. Whitlaw, S. J. Young, R. A. Jenkins, and G. J. Forbes. 1999. 

Predation and survival of white-tailed deer fawns in northcentral New Brunswick. 

Journal of Wildlife Management 63:574–579. 

Bartush, W. S., and J. Lewis. 1981. Mortality of white-tailed deer fawns in the Wichita 

Mountains. Proceedings of the Oklahoma Academy of Science 61:23–27. 

Bastille-Rousseau, G., D. Fortin, C. Dussault, R. Courtois, and J.-P. Ouellet. 2011. 

Foraging strategies by omnivores: are black bears actively searching for ungulate 

neonates or are they simply opportunistic predators? Ecography 34:588–596. 



24 

 

Bowyer, R. T., V. C. Bleich, K. M. Stewart, J. C. Whiting, and K. L. Monteith. 2014. 

Density dependence in ungulates: a review of causes, and concepts with some 

clarifications. California Fish and Game 100:550–572. 

Brinkman, T. J., J. A. Jenks, C. S. DePerno, B. S. Haroldson, and R. G. Osborn. 2004. 

Survival of white-tailed deer in an intensively farmed region of Minnesota. 

Wildlife Society Bulletin (1973-2006) 32:726–731. 

Burnham, K. and D. Anderson. 2002. Model selection and multimodel inference: A 

practical information—Theoretic Approach. Springer, New York, USA. 

Burroughs, J. P., H. Campa, S. R. Winterstein, B. A. Rudolph, and W. E. Moritz. 2006. 

Cause-specific mortality and survival of white-tailed deer fawns in Southwestern 

Lower Michigan. Journal of Wildlife Management 70:743–751. 

Carroll, B. K., and D. L. Brown. 1977. Factors affecting neonatal fawn survival in 

southern-central Texas. Journal of Wildlife Management 41:63–69. 

Carstensen, M., G. D. Delgiudice, B. A. Sampson, and D. W. Kuehn. 2009. Survival, 

birth characteristics, and cause-specific mortality of white-tailed deer neonates. 

Journal of Wildlife Management 73:175–183. 

Cherry, M. J., P. E. Howell, C. D. Seagraves, R. J. Warren, and L. M. Conner. 2017. 

Effects of land cover on coyote abundance. Wildlife Research 43:662–670. 

Chitwood, M. C., M. A. Lashley, C. S. DePerno, and C. E. Moorman. 2017. 

Considerations on neonatal ungulate capture method: potential for bias in survival 

estimation and cause-specific mortality. Wildlife Biology 2017:wlb. 00250. 



25 

 

Chitwood, M. C., M. A. Lashley, J. C. Kilgo, K. H. Pollock, C. E. Moorman, and C. S. 

DePerno. 2015. Do biological and bedsite characteristics influence survival of 

neonatal white-tailed deer? PLoS ONE 10:e0119070. 

Clutton-Brock, T. H., M. Major, S. D. Albon, and F. E. Guinness. 1987. Early 

development and population dynamics in red deer. I. Density-dependent effects 

on juvenile survival. Journal of Animal Ecology 56:53–67. 

Collins, C., and R. Kays. 2011. Causes of mortality in North American populations of 

large and medium‐sized mammals. Animal Conservation 14:474–483. 

Cook, R. S., M. White, D. O. Trainer, and W. C. Glazener. 1971. Mortality of young 

white-tailed deer fawns in South Texas. Journal of Wildlife Management 35:47–

56. 

Cuff, D. J., W. J. Young, and E. K. Muller, editors. 1989. The Atlas of Pennsylvania. 

Temple University Press, Philadelphia, Pennsylvania, USA. 

Dalton, C. J. 1985. Mortality and habitats of white-tailed deer fawns in the southeastern 

Missouri Ozarks. Thesis, University of Missouri-Columbia, Columbia, USA. 

Decker, T. A. 1992. Survival of white-tailed deer fawns in western Massachusetts. 

Transactions of the Northeast Section of the Wildlife Society 49:28–35. 

Diem, K. L. 1954. Use of deer call as a means of locating deer fawns. The Journal of 

Wildlife Management 18: 537-538. 

Donovan, T. M., and P. W. Jones. 1997. Variation in local-scale edge effects: 

Mechanisms and landscape context.  Ecology 78: 2064–2075. 

Eberhardt, L. L. 1977. Optimal policies for conservation of large mammals, with special 

reference to marine ecosystems. Environmental Conservation 4:205–212. 



26 

 

Ellis, R. D., T. J. McWhorter, and M. Maron. 2012. Integrating landscape ecology and 

conservation physiology. Landscape Ecology 27:1–12. 

Gilbert, S. L., M. S. Lindberg, K. J. Hundertmark, and D. K. Person. 2014. Dead before 

detection: addressing the effects of left truncation on survival estimation and 

ecological inference for neonates. Methods in Ecology and Evolution 5:992–

1001. 

Grovenburg, T. W., C. N. Jacques, R. W. Klaver, and J. A. Jenks. 2010. Bed site 

selection by neonate deer in grassland habitats on the Northern Great Plains. 

Journal of Wildlife Management 74:1250–1256. 

Grovenburg, T. W., R. W. Klaver, and J. A. Jenks. 2012. Survival of white-tailed deer 

fawns in the grasslands of the northern Great Plains. Journal of Wildlife 

Management 76:944–956. 

Grovenburg, T. W., C. C. Swanson, C. N. Jacques, R. W. Klaver, T. J. Brinkman, B. M. 

Burris, C. S. Deperno, and J. A. Jenks. 2011. Survival of white‐tailed deer 

neonates in Minnesota and South Dakota. Journal of Wildlife Management 

75:213–220. 

Gulsby, W. D., J. C. Kilgo, M. Vukovich, and J. A. Martin. 2017. Landscape 

heterogeneity reduces coyote predation on white-tailed deer fawns. Journal of 

Wildlife Management 81:601–609. 

Hahn, D. C., and J. S. Hatfield. 1995. Parasitism at the Landscape Scale: Cowbirds Prefer 

Forests. Conservation Biology 9: 1415–1424. 

Hawkins, R. E., L. D. Martoglio, and G. G. Montgomery. 1968. Cannon-netting deer. 

Journal of Wildlife Management 32:191–195. 



27 

 

Hebblewhite, M., and E. H. Merrill. 2009. Trade-offs between predation risk and forage 

differ between migrant strategies in a migratory ungulate. Ecology 90:3445–3454. 

Hewison, A. J. M., J. M. Gaillard, J. M. Angibault, G. Van Laere, and J. P. Vincent. 

2002. The influence of density on post-weaning growth in roe deer Capreolus 

capreolus fawns. Journal of Zoology 257:303–309. 

Hewitt, D. G. 2011. Biology and management of white-tailed deer. CRC Press, Boca 

Baton, Florida, USA. 

Hiller, T. L., H. Campa III, S. R. Winterstein, and B. A. Rudolph. 2008. Survival and 

space use of fawn white-tailed deer in southern Michigan. American Midland 

Naturalist 159:403–412. 

Huegel, C. N., R. B. Dahlgren, and H. L. Gladfelter. 1985. Mortality of white-tailed deer 

fawns in south-central Iowa. Journal of Wildlife Management 49:377–380. 

Iijima, H., and M. Ueno. 2016. Spatial heterogeneity in the carrying capacity of sika deer 

in Japan. Journal of Mammalogy 97:734–743. 

Jackson, A. M., and S. S. Ditchkoff. 2013. Survival estimates of white-tailed deer fawns 

at Fort Rucker, Alabama. American Midland Naturalist 170:184–190. 

Johnson, J. B. 2016. Game Take, Furtaker, Mentored Youth Hunter, Spring Turkey 

Hunter, Montored Youth Spring Turkey Hunter Surveys. Pennsylvania Game 

Commission. Harrisburg, Pennsylvania, USA. 

Kennedy, S. I. 2015. White-tailed deer (Odocoileus virginianus) fawn survival and 

seasonal movement patterns of white-tailed deer and coyotes (Canis latrans) in 

the Cleveland Metropolitan Area. Thesis, The Ohio State University, Columbus, 

USA. 



28 

 

Kilgo, J. C., H. S. Ray, M. Vukovich, M. J. Goode, and C. Ruth. 2012. Predation by 

coyotes on white-tailed deer neonates in South Carolina. Journal of Wildlife 

Management 76:1420–1430. 

Kunkel, K. E., and L. D. Mech. 1994. Wolf and bear predation on white-tailed deer fawns 

in northeastern Minnesota. Canadian Journal of Zoology 72:1557–1565. 

Linnell, J. D. C., R. Aanes, and R. Andersen. 1995. Who killed Bambi? : the role of 

predation in the neonatal mortality of temperate ungulates. Wildlife Biology 

1:209–223. 

Long, E. S., D. R. Diefenbach, C. S. Rosenberry, B. D. Wallingford, and M. D. Grund. 

2005. Forest cover influences dispersal distance of white-tailed deer. Journal of 

Mammalogy 86:623–629. 

Lutz, C. L., D. R. Diefenbach, and C. S. Rosenberry. 2015. Population density influences 

dispersal in female white-tailed deer. Journal of Mammalogy 96:494–501. 

Mattisson, J., G. R. Rauset, J. Odden, H. Andrén, J. D. C. Linnell, and J. Persson. 2016. 

Predation or scavenging? Prey body condition influences decision-making in a 

facultative predator, the wolverine. Ecosphere 7:e01407. 

Mautz, W. W. 1978. Sledding on a brushy hillside: the fat cycle in deer. Wildlife Society 

Bulletin 6:88–90. 

McCoy, J. C., S. S. Ditchkoff, J. B. Raglin, B. A. Collier, and C. Ruth. 2013. Factors 

influencing survival of white-tailed deer fawns in coastal South Carolina. Journal 

of Fish and Wildlife Management 4:280–289. 

Nelson, T. A., and A. Woolf. 1987. Mortality of white-tailed deer fawns in southern 

Illinois. Journal of Wildlife Management 51:326–329. 



29 

 

Northeastern Regional Climate Center [N RCC]. 2018. Northeast Climate: State & 

Regional Analyses. <http://www.nrcc.cornell.edu/regional/tables/tables.html>. 

Accessed 01 March 2018. 

Oehler, J. D., and J. A. Litvaitis. 1996. The role of spatial scale in understanding 

responses of medium-sized carnivores to forest fragmentation. Canadian Journal 

of Zoology 74:2070–2079. 

Ozoga, J. J., J. V. Louis, and S. B. Craig. 1982. Parturition behavior and territoriality in 

white-tailed deer: impact on neonatal mortality. Journal of Wildlife Management 

46:1–11. 

Ozoga, J. J., and L. J. Verme. 1986. Relation of Maternal Age to Fawn-Rearing Success 

in White-Tailed Deer. The Journal of Wildlife Management 50:480-486. 

Pettorelli, N., J.-M. Gaillard, P. Duncan, D. Maillard, G. Van Laere, and D. Delorme. 

2003. Age and density modify the effects of habitat quality on survival and 

movements of roe deer. Ecology 84:3307–3316. 

Pettorelli, N., J.-M. Gaillard, N. G. Yoccoz, P. Duncan, D. Maillard, D. Delorme, G. U. 

Y. Van Laere, and C. Toïgo. 2005. The response of fawn survival to changes in 

habitat quality varies according to cohort quality and spatial scale. Journal of 

Animal Ecology 74:972–981. 

Piccolo, B. P., T. R. Van Deelen, K. Hollis-Etter, D. R. Etter, R. E. Warner, and C. 

Anchor. 2010. Behavior and survival of white-tailed deer neonates in two 

suburban forest preserves. Canadian Journal of Zoology 88:487–495. 



30 

 

Pierce, B. M., V. C. Bleich, K. L. Monteith, and R. T. Bowyer. 2012. Top-down versus 

bottom-up forcing: evidence from mountain lions and mule deer. Journal of 

Mammalogy 93:977–988. 

Pollock, K. H., S. R. Winterstein, C. M. Bunck, and P. D. Curtis. 1989. Survival analysis 

in telemetry studies: the staggered entry design. Journal of Wildlife Management 

53:7–15. 

Putman, R. J., J. Langbein, A. J. M. Hewison, and S. K. Sharma. 1996. Relative roles of 

density-dependent and density-independent factors in population dynamics of 

British deer. Mammal Review 26:81–101. 

Rodewald, A. D., L. J. Kearns, and D. P. Shustack. 2011. Anthropogenic resource 

subsidies decouple predator–prey relationships. Ecological Applications 21:936–

943. 

Rohm, J. H., C. K. Nielsen, and A. Woolf. 2007. Survival of white-tailed deer fawns in 

southern Illinois. Journal of Wildlife Management 71:851–860. 

Rosenberry, C. S. 2009. Game Take Survey. Annual Job Report. Pennsylvania Game 

Commission, Harrisburg, USA. 

Saalfeld, S. T., and S. S. Ditchkoff. 2007. Survival of neonatal white-tailed deer in an 

exurban population. Journal of Wildlife Management 71:940–944. 

Schulz, J., J. Ludwig, and M. Frydendall. 1983. Survival and home range of white-tailed 

deer fawns in southeastern Minnesota. Minnesota Research Quarterly 43:15–23. 

Shaw, C. E., C. A. Harper, M. W. Black, and A. E. Houston. 2010. Initial effects of 

prescribed burning and understory fertilization on browse production in closed-

canopy hardwood stands. Journal of Fish and Wildlife Management 1:64–72. 



31 

 

Shuman, R. M., M. J. Cherry, T. N. Simoneaux, E. A. Dutoit, J. C. Kilgo, M. J. 

Chamberlain, and K. V. Miller. 2017. Survival of white-tailed deer neonates in 

Louisiana. Journal of Wildlife Management 81:834–845. 

Simard, A., J. Huot, S. De Bellefeuille, and S. D. Côté. 2014. Influences of habitat 

composition, plant phenology, and population density on autumn indices of body 

condition in a northern white-tailed deer population. Wildlife Monographs 187:1–

28. 

Sol, D., O. Lapiedra, and C. González-Lagos. 2013. Behavioural adjustments for a life in 

the city. Animal Behaviour 85:1101–1112. 

Stephens, S. E., J. J. Rotella, M. Lindberg, M. L. Taper, and J. K. Ringelman. 2005. Duck 

nest survival in the Missouri Coteau of North Dakota: landscape effects at 

multiple spatial scales. Ecological Applications 15:2137–2149. 

Therrien, J.-F., S. D. Côté, M. Festa-Bianchet, and J.-P. Ouellet. 2008. Maternal care in 

white-tailed deer: trade-off between maintenance and reproduction under food 

restriction. Animal Behaviour 75:235–243. 

Vreeland, J. K., D. R. Diefenbach, and B. D. Wallingford. 2004. Survival rates, mortality 

causes, and habitats of Pennsylvania white-tailed deer fawns. Wildlife Society 

Bulletin 32:542–553. 

Warbington, C. H., T. R. Van Deelen, A. S. Norton, J. L. Stenglein, D. J. Storm, and K. J. 

Martin. 2017. Cause-specific neonatal mortality of white-tailed deer in Wisconsin, 

USA. Journal of Wildlife Management 81:824–833. 

Warton, D. I., and F. K. C. Hui. 2011. The arcsine is asinine: the analysis of proportions 

in ecology. Ecology 92:3–10. 



32 

 

Watine, L. N., and W. M. Giuliano. 2015. Coyote predation effects on white-tailed deer 

fawns. Thesis, University of Florida, Gainesville, USA. 

White, G. C., and K. P. Burnham. 1999. Program MARK: survival estimation from 

populations of marked animals. Bird study 46:S120–S139. 

White, M., F. F. Knowlton, and W. C. Glazener. 1972. Effects of dam-newborn fawn 

behavior on capture and mortality. Journal of Wildlife Management 36:897–906. 

 

  



33 

 

Figure 1-1. A northern study area (NS; black) and a southern study area (SS; grey) of 

white-tailed deer (Odocoileus virginianus) fawn survival and cause-specific mortality in 

Pennsylvania, USA, 2015–2016. 

Figure 1-2. Locations of 29 white-tailed deer (Odocoileus virginianus)  populations 

included in 26 studies of 3–6-month-old fawn survival and cause-specific mortality 

across North America used in a meta-analysis of fawn survival, 1965–2016. 

Figure 1-3. Positive relationship (weighted by sample size) between survival rate of 3–6-

month-old white-tailed deer (Odocoileus virginianus)  fawns and percentage of 

agriculture within the study area, North America, 1992–2016. Fawn survival to 3–6 

months of age averaged 0.414 ± 0.062 (SE) in contiguous forest landscapes (no 

agriculture) and for every 10% increase in agricultural land cover, fawn survival 

increased 0.049 ± 0.014. 

Figure 1-4. Means and 95% confidence intervals for Kruskal-Wallis tests of the 

proportion (A) and mortality rate (B) of predation, human-caused, and natural deaths for 

3–6-month-old white-tailed deer (Odocoileus virginianus) fawns. We used the data in a 

meta-analysis of fawn mortality across North America, 1971–2016. Proportions do not 

sum to 1.0 because we did not graph unknown mortality causes. Proportions that are 

statistically different from each other are denoted by different uppercase letters (α = 

0.05). Mortality rates statistically different from each other are denoted by different lower 

case letters (α = 0.05). 

Figure 1-5. Linear regressions (weighted by sample size) of the association between 3–6-

month-old white-tailed deer (Odocoileus virginianus) fawn survival rate to deer density 
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(A), y = 0.496 +  0.002x, with y representing fawn survival rate and x representing deer 

density (deer/km2) and deer per forested km2 (B), y = 0.445 + 0.002x, with y representing 

fawn survival rate and x representing deer per forested km2 in North America, 1992–

2016. 
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Table 1-1. Model selection statistics for 3 models describing white-tailed deer fawn (Odocoileus virginianus) survival (S) in the 

northern study area (NS) and southern study area (SS) within 26 weeks of capture, Pennsylvania, USA, 2015–2016. 

 NS  SS 

Model ΔAICc
a wi

b −2 log-likelihood Kc  ΔAICc
a wi

b −2 log-likelihood Kc 

S(week) 0.0 0.66 148.8 26  0.0 0.60 96.5 26 

S(week + VITd) 1.3 0.34 147.9 27  0.8 0.40 95.1 27 

S(week × VIT) 52.0 0.00 142.5 52  52.7 0.00 91.5 52 

 
a Difference in corrected Akaike’s Information Criterion (AICc) value from the model with the lowest AICc value.  

b AICc weight. 

c Number of parameters. 

d Vaginal implant transmitter. 
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Table 1-2. White-tailed deer (Odocoileus virginianus) fawn (3–6 months old) survival, population density (deer/km2), land cover 

statistics, and land cover category in North America, 1992–2016. 

State  Study Sample 

size 

Survival 

rate 

Density 

(deer/km2) 

Forest (%)  Agriculture (%) Landscape 

MI Burroughs et al. (2006) 75 0.90a 19 32 54 Mixed 

MA Decker et al. (1992) 37 0.75b 7 71 14 Forest 

SD Grovenburg et al. (2012) 81 0.75c 3 2.3 83.4 Agriculture 

SD and MI Grovenburg et al. (2011) 78 0.87c  2.65 91.55 Agriculture 

MI Hiller et al. (2008) 32 0.62b 27 13.4 52.3 Mixed 

IL Rohm et al. (2006) 166 0.59d  45 45.5 Mixed 

PA Vreeland et al. (2004) 110 0.58b 8 38 40 Mixed 

PA Vreeland et al. (2004) 108 0.45b  87 0 Forest 

PA Current study (NSi) 55 0.51b  88 0.75 Forest 

PA Current study (SSj) 43 0.71b  79 15 Forest 

SC Kilgo et al. (2012)  91 0.23e 6 90 0 Forest 

LA Shuman et al. (2017) 70 0.27f 19.5 88.7 8.5 Forest 
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NC Chitwood et al. (2015) 65 0.14e 3 71 0 Forest 

MI Carstensen et al. (2009) 66 0.47f 11    

AL Jackson and Ditchkoff (2013) 14 0.26b 11    

MN Kunkel and Mech (1994) 21 0.49g 3.5    

OH Kennedy (2015) 57 0.78b 12.6    

WI Warbington et al. (2017) 89 0.65h 9.5 80 0 Forest 

WI Warbington et al. (2017) 139 0.45h 25    

 
a Survival to 127 days. 

b Survival to 180 days. 

c Survival 15 May – 31 Aug. 

d Survival to 21 May – October 1. 

e Survival to 16 weeks. 

f Survival to 12 weeks. 

g Survival May – October. 

h Survival to 110 days 
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i Northern study area. 

j Southern study area.



 

 

3
9

 

Table 1-3. Number of mortalities by cause and predator for 3–6-month-old white-tailed deer (Odocoileus virginianus) fawns and land 

cover category for 26 populations in North America, 1965–2016. 

   Cause-specific mortality  Predators  

State  Reference Number of 

mortalities 

Human  Natural Predation  Black 

bear 

Bobcat Canidb Landscape 

OK Bartush and Lewis (1981) 43 0 3 38  NPa 2 23  

MI Burroughs et al. (2006) 7 3 3 1  NP NP 1 Mixed 

MN Carstensen et al. (2009) 28 0 0 24  9 9 NP Forest 

TX Carroll and Brown (1977) 47 0 10 28  NP 0 28 Mixed 

NC Chitwood et al. (2015) 55 1 16 35  NP 5 30 Forest 

TX Cook et al. (1971) 58 0 10 48  NP 2 46  

MA Decker (1992) 7 1 1 5  NP 1 3 Forest 

SD Grovenburg et al. (2012) 23 6 5 12  NP NP 10 Agriculture 

SD & MI Grovenburg et al. (2011) 15 0 3 12  NP NP 12 Agriculture 

MI Hiller et al. (2008) 10 4 1 4  NP NP 4 Mixed 

IA Huegel et al. (1985) 13 1 2 10  NP NP 10 Agriculture 
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AL Jackson and Ditchkoff (2013) 9 0 2 7  NP 1 6 Forest 

SC Kilgo et al. (2012) 70 0 8 57  NP 6 43 Forest 

MI Kunkel and Mech (1994) 9 0 0 9  4 NP NP Forest 

SC McCoy et al. (2013) 68 2 15 29  NP 7 14 Forest 

IL Nelson and Woolf (1987) 24 6 0 13  NP NP 13 Mixed 

IL Piccolo et al. (2010) 27 2 0 25  NP NP 25 Forest 

IL Rohm et al. (2007) 64 3 5 41  NP 3 26 Mixed 

AL Saalfeld and Ditchkoff (2007) 24 0 7 15  NP NP 10  

MN Schulz et al. (1983) 7 0 4 NP  NP NP NP Mixed 

LA Shuman et al. (2017) 51 0 5 45  17 11 9 Forest 

PA Vreeland et al. (2004) 43 17 18 8  1 0 5 Mixed 

PA Vreeland et al. (2004) 55 5 11 39  15 3 13 Forest 

MO Dalton (1985) 38 2 17 18  NP 4 8  

PA Current study (NSc) 25 1 3 21  11 0 6 Forest 

PA Current study (SSd) 11 1 5 5  1 2 1 Forest 
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OH Kennedy (2015) 22 13 5 3  NP NP 3  

WI Warbington et al. (2017) 42 0 2 35  9 8 5 Forest 

WI Warbington et al. (2017) 43 4 21 15  1 1 10 Agriculture 
a NP = species was not present. 

b Canid includes coyotes and domestic dogs because it is difficult to distinguish between coyote and domestic dog predation when 

assigning cause of death.  

c Northern study area. 

d Southern study area. 
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Table 1-4. Means and 95% confidence intervals for 8 analyses of variance (each represented by a separate row) for 3–6-month-old 

white-tailed deer (Odocoileus virginianus) fawn mortality sources (proportion of mortality) and mortality rate among forested, mixed 

(i.e., both forest and agriculture cover), and agricultural landscapes in North America, 1965–2016. Mortality rates are defined as the 

proportion of mortality for each cause of death × mortality rate. Proportions do not add to 1.0 because we excluded the proportion of 

unknown mortality causes from the table. 

 Landscape type   

Analysis type 

  Cause-specific mortality 

Forested Mixed Agriculture F P 

Proportions      

  Predation 0.782 (0.678–0.860)a 0.396 (0.229–0.591)b 0.626 (0.388–0.815)a,b F2, 20 = 6.932 0.005 

  Natural deaths 0.141 (0.090–0.215)a 0.229 (0.129–0.372)a 0.249 (0.117–0.453)a F2, 20 = 1.545 0.237 

  Human-caused deaths 0.029 (0.016–0.052)a 0.257 (0.133–0.436)b 0.111 (0.041–0.268)a,b F2, 20 = 13.310 <0.001 

  Canid predationc 0.368 (0.205–0.568)a 0.337 (0.144–0.606)a 0.570 (0.256–0.837)a F2, 18 = 0.631 0.543 

Rates      

  Predation 0.412 (0.281–0.556)a 0.086 (0.034–0.198)b 0.139 (0.050–0.329)a,b F2, 15 = 8.562 0.003 
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  Natural deaths 0.072 (0.041–0.124)a 0.056 (0.021–0.138)a 0.077 (0.025–0.208)a F2, 15 = 0.151 0.862 

  Human-caused deaths 0.014 (0.007–0.026)a 0.069 (0.024–0.186)b 0.033 (0.009–0.110)a,b F2, 15 = 3.95 0.042 

  Canid predationc 0.159 (0.074–0.309)a 0.067 (0.019–0.206)a 0.113 (0.028–0.362)a F2, 15 = 1.561 0.242 

 
a,b Numbers with the same letter are not different from each other, whereas numbers with different letters are different within a row (α 

= 0.05). 

c Canid includes coyotes and domestic dogs because it is difficult to distinguish between coyote and domestic dog predation when 

assigning cause of death.  
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Figure 1-1. 

 
 



45 

 

Figure 1-2. 
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Figure 1-3.  
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Figure 1-4.  
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Figure 1-5. 
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Chapter 2  
 

Temporal Variation in White-tailed deer Fawn Survival 

Chapter 2 was written in collaboration with Duane R. Diefenbach, Christopher S. 

Rosenberry, Bret D. Wallingford, Mark A. Ternent, and Joshua B. Johnson. I have 

included this manuscript on the following pages as formatted for the Journal of Wildlife 

Management.  
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ABSTRACT Neonate survival influences population demographics, and year-to-year 

variation in survival rates is common, but our understanding of how neonate survival 

varies over longer time frames is limited. We assessed differences in current estimates of 

white-tailed deer neonate (Odocoileus virginianus) survival rates and cause-specific 

mortality from 2015 to 2016 in central Pennsylvania to estimations reported during 2000–

2001. In 2015–2016, we collared and monitored neonatal fawns until 34-weeks of age, 

mortality, or transmitter failure. We captured 55 neonates in north-central Pennsylvania 

and 43 neonates in central Pennsylvania. Predation accounted for 63.4% of the total 41 

mortalities through 34 weeks. At 26 weeks after capture, fawn survival in 2015–2016 was 

0.504 (95% CI = 0.359–0.648) in the more forested, northern study area (NS) and 0.708 

(95% CI = 0.569–0.848) in the southern study area (SS) that contained approximately 

15% more agricultural land cover. In 2000, 26-week survival estimates were 0.456 (95% 

CI = 0.360–0.556) in a predominately forested study area (Quehannah Wild Area, QWA) 

and 0.586 (95% CI = 0.488–0.677) in an agriculturally dominated study area (Penns 

Valley, PW). We detected little difference in fawn survival rates when comparing 2015–

2016 estimates to 2001–2002 survival estimates.   

KEY WORDS fawn, mortality, Odocoileus virginianus, Pennsylvania, survival, white-

tailed deer  

In large herbivore species, neonate survival is characterized by substantial year-to-year 

variation which can be more important in determining population growth rates than adult 

survival (Gaillard et al. 2000). Thus, documenting temporal variation in neonate survival 

rates may offer insights when considering large herbivore population growth. While year-
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to-year variation in neonate survival is well documented for ungulates species in 

temperate climates descriptions of variation over longer time frames are rare given the 

cost and effort of long term monitoring efforts (Kie and White 1985, Gaillard et al. 1993).  

In Pennsylvania, the Pennsylvania Game Commission (PGC) conducted a fawn 

survival study in 2000–2001 to investigate white-tailed deer (Odocoileus virginianus ) 

fawn survival from birth through the hunting season (34 weeks of age). During this study, 

Vreeland et al. (2004) investigated the association between fawn survival and intrinsic 

(i.e. mass, sex) and extrinsic (i.e. predators and habitat characteristics) factors in central 

Pennsylvania, and found no relationship between survival and sex, date of birth, mass at 

capture, or home-range-scale habitat characteristics. Predation was the greatest source of 

mortality in 2000–2001, with most deaths attributed to black bears (Ursus americanus) 

and coyotes (Canis latrans; Vreeland et al. 2004).  

Since 2000, deer population estimates decreased from 12.4 to 9.5 deer /km2 

during 2002–2005, but increased slightly or remained stable in areas delineated as 

Wildlife Management Units (WMU) across the state since 2005 (Rosenberry et al. 2016, 

Wallingford et al. 2017). Meanwhile, the statewide black bear population has increased 

by 30% (Ternent 2016) since 2000 and increasing coyote harvests since 2000–2001 

suggest an increasing abundance of the two key predators across Pennsylvania (Johnson 

2016). Given statewide changes to predator and deer communities across Pennsylvania, 

and interest from both general public and scientific communities, the PGC initiated a 

second fawn survival study in similar areas to Vreeland et al. (2004). 
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  Comparing survival rates from different areas is difficult because neonate 

survival is influenced by environmental variation (e.g. weather) and regional differences 

(i.e., vegetation structure, predator densities; Shuman et al. 2017). Although not directly 

comparable, similar ecological conditions between this study and Vreeland et al. (2004) 

provide an opportunity to document survival and cause-specific mortality over long time 

periods with reduced environmental variation between study sites. Our objectives were to 

(1) estimate current white-tailed deer fawn survival rates and cause-specific mortality in 

two landscapes with different topographic, vegetative, and physical characteristics and 

(2) assess differences in current and past fawn survival rates and mortality causes.  

STUDY AREA  

  We monitored fawn survival on two study areas in northcentral and central 

Pennsylvania (Fig. 1). The northern study area (NS, 155 km2) was located in the 

Susquehannock State Forest in Potter County and part of the Deep Valleys section of the 

Appalachian Plateaus physiographic region (Cuff et al. 1989). The NS topographic 

features were plateaus at approximately 800 m elevation dissected by steep drainages at 

approximately 220 m. A mixture of northern hardwoods and conifer forest types 

comprised 88% of the NS. Dominant tree species were red maple (Acer rubrum), sugar 

maple (Acer saccharrum), black cherry (Prunus serotina), and American beech (Fagus 

grandifolia). Agricultural land cover (row crops, hay and alfalfa fields, pastures) 

comprised <1% of the total land area. Remaining land cover was open water, fallow 

ground, etc.  In 2015 pre-hunting season deer densities in the NS were 9.2 deer/km2 (C. 

Rosenberry, Pennsylvania Game Commission [PGC], personal communication). Potential 
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fawn predator species in both study areas included black bear (Ursus americanus), coyote 

(Canis latrans), red fox (Vulpes vulpes), and bobcat (Lynx rufus).  

 The southern study area (SS, 239 km2; Fig. 1) was located in Centre, Mifflin, and 

Huntingdon counties in the Ridge and Valley physiographic region in central 

Pennsylvania (Cuff et al. 1989). The SS contained 178 km2 of Rothrock State Forest and 

approximately 6 km2 of Bald Eagle State Forest.  Topographic features consisted of long, 

parallel ridges and valleys along a northeast-southwest axis (Cuff et al. 1989). 

Agricultural land cover (row crops, hay, alfalfa, and pastures) comprised 15% of the total 

SS land area. The oak-hickory forests contained an understory layer of ericaceous shrub 

species (Vaccinium spp., Gaylussacia spp., Gaultheria procumbens, and Kalmia latifolia) 

and comprised 79% of the SS land area. Dominant tree species were red and white oak 

(Quercus spp.), red maple (Acer rubrum), black birch (Betula lenta), black gum (Nyssa 

sylvatica) and hickory (Carya spp.). In 2015, pre-hunt deer densities in the SS were 

approximately 10.3 deer/km2 (Rosenberry 2016).  

 Vreeland et al. (2004) estimated survival rates for two distinct study areas 

(Quehannah Wild Area, hereafter QWA, and Penns Valley, hereafter PV). Both QWA 

and NS were primarily public land and land cover was predominately mature hardwood 

forest. The QWA was located approximately 85 km northeast of NS. Although both PV 

and SS were located in Centre County, agricultural land cover and the amount of public 

land differed between study areas.  SS had 15% agricultural land cover in comparison to 

40% agriculture land cover in PV. PV contained significant portions of private land while 

77% of the land cover in SS was public land. 

METHODS 
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  To assist in fawn captures, we captured adult female deer from January to April, 

2015–2016 using rocket nets and single-gate clover traps (Hawkins et al. 1968, 

Carstensen et al. 2009), and inserted a vaginal implant transmitter (VIT; Vectronic 

Aerospace, Berlin, Germany) under protocols approved by The Pennsylvania State 

University Institutional and Animal Care and Use Committee (Protocol No. 47054). To 

insert a VIT, we sedated female deer with a 150 mg  intramuscular injection (IM) of 

xylazine hydrochloride and following the procedure, reversed sedation with 150 mg 

tolazoline hydrochloride given IM. We also administered 1400 mg IM of oxytetracycline 

if cuts and abrasions occurred during capture. 

 We fitted females with a global positioning system (GPS) satellite radiocollar 

(GPS Plus, Vectronic Aerospace, Berlin, Germany) linked to the VIT, so that when the 

VIT was expelled  change in ambient temperature signaled the GPS collar to transmit a 

message that a potential birth had occurred. We waited at least 6 hours after receiving 

notification of expulsion before initiating searches to ensure a social bond was 

established between mother-fawn pairs (Kilgo et al. 2012). We conducted additional 

searches 8–48 hours after the initial search if no fawns were located.  

During 10 May to 15 June in 2015 and 16 May to 7 July in 2016, we also used a 

fawn bleat (Diem 1954, Vreeland et al. 2004) to provoke postpartum maternal behaviors 

(White et al. 1972, Ozoga et al. 1982) during vehicle searches along roads and trails 

(Vreeland et al. 2004, Rohm et al. 2007, Grovenburg et al. 2012). If maternal behavior or 

an isolated doe was observed, a team of 2 to 5 people conducted a grid search of the 

immediate area. Crews in the SS also searched hay and alfalfa fields, with or without 

sightings of a doe, both on private and state forest lands.  
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We ear-tagged each captured fawn with a numbered, plastic tag in each ear 

(National Band and Tag, Newport, Kentucky) imprinted with a toll-free telephone 

number to collect a $100 reward if found. We also fitted each fawn with an expandable, 

very high frequency (VHF) radiocollar (Vectronic Aerospace or Advanced Telemetry 

Systems, Isanti, Minnesota, USA; Diefenbach et al. 2003). Fawn collar transmitters 

remaining motionless for 4 hours transmitted a signal indicating that a possible mortality 

occurred.  

We monitored survival of radio-collared neonates via ground-based telemetry 

twice daily from capture until mid-August, 1 to 7 times weekly from mid-August through 

early December, and 1 to 3 times weekly thereafter until mortality, collar failure, or the 

end of the study. We investigated all fawn mortality within 24 hours of signal detection. 

We noted vegetative disturbance, carcass condition, presence of predator scat or prints, 

and published descriptions of predator-specific kill characteristics to identify the likely 

predator species (Vreeland et al. 2004). We identified causes of mortality via information 

obtained from the mortality site, carcasses, and DNA evidence. We collected carcasses 

for necropsy at the Pennsylvania State University Animal Diagnostic Laboratory, and 

submitted DNA swabs to the East Stroudsburg University Northeast Wildlife DNA 

Laboratory for more conclusive predator identification. We classified cause of death as 

predation, human-caused, natural (excluding predation), and unknown. We conducted 

chi-square test for homogeneity (α = 0.05) to test whether causes of death differed in 

frequency between study sites. 

We used known-fate models in Program Mark (v. 6.1, White and Burnham 1999) 

to estimate weekly fawn survival through 6 months of age (26 weeks). We constructed 
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candidate models thought to influence fawn survival and ranked models using Akaike’s 

Information Criterion adjusted for sample size (AICc; Burnham and Anderson 2002). We 

decided a priori to incorporate a time variable into every model (i.e., neonate survival 

varied by week). We considered fawns at risk from a common date, i.e., entries were not 

staggered, to meet the assumption that all individuals had the same mortality risk in each 

time period (Pollock et al. 1989). We censored fawns when a transmitter with no 

evidence of mortality was recovered.  

 We developed 11 models of fawn survival to 12 weeks for both the NS and SS 

that incorporated grouping variables (year and sex), and individual covariates (mass at 

capture, days between capture date and statewide median annual fawn drop; Table 3). 

Statewide median annual fawn drop was June 1 (PGC, personal communication). Most 

mortality in many ungulate species occurs during the first 8 weeks of life (Linnell et al. 

1995, Bonar et al. 2016, Eacker et al. 2016), and covariates such as whether the fawn was 

found using a VIT (VIT fawn), mass, sex, and days between capture date and statewide 

median annual fawn drop (hereafter day) are less likely to influence fawn survival in 

fawns older than 12 weeks. Therefore, we included whether the fawn was found using a 

VIT, mass, sex, and day covariates only in models of fawn survival up to 12 weeks.  

We estimated fawn survival separately for NS and SS in which weekly survival 

varied. We report 9-, 26-, and 34-week survival from this model. We calculated survival 

rates at 9 and 34 weeks because we were interested in documenting survival and 

mortality from birth through the deer hunting seasons ending in mid-January and for 

comparison to Vreeland et al. (2004). We estimated survival to 26 weeks of age because 
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this is common in other studies (Huegel et al. 1985, Decker 1992, Kunkel and Mech 

1994).  

We evaluated 26-week and 34-week survival estimates in 2015–2016 and from 

Vreeland et al. (2004). The current study and Vreeland et al. (2004) each had one study 

area in Pennsylvania’s Ridge-and-Valley (PV and SS) and one in the Appalachian 

Plateau physiographic regions (QWA and NS). Furthermore, WMU 2G encompassed 

QWA and NS, while WMU 4D encompassed PV and SS. When discussing current and 

past fawn survival rates we evaluated study areas within similar physiographic regions 

and similar WMUs to reduce variation. For example, we discuss fawn mortality causes 

between NS and QWA but not NS and PV.  

We used data from ongoing predator monitoring efforts to determine black bear 

and coyote abundance in WMU 2G and 4D (Rosenberry and Lovallo 2003, Rosenberry et 

al. 2016). For black bear, we used population estimates from 2000–2016 in 2G and 4D 

provided the PGC who annually estimate population size using the Lincoln-Petersen 

estimator with data from statewide tagging and harvest records (Seber 1982). However, 

coyote population estimates are not available for Pennsylvania. As such, we estimated 

coyote harvest per hunter as an index of abundance (hereafter coyote abundance) to 

account for changes in hunter effort. We determined coyote abundance in WMU 2G 

where NS is located and in WMU 4D where SS is located from 2006 to 2016 using 

ongoing survey data of general hunting license purchasers stratified by license type to 

determine harvest and number of hunters collected by the PGC.   

RESULTS 
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  We captured 98 fawns: 43 fawns in SS and 55 in NS, with 42 fawns captured in 

2015 and 56 in 2016 (Table 1, Appendix C). Of the 98 radio-collared fawns, 41 died and 

16 were censored by 34 weeks. We captured 16 fawns using VITs: 4 fawns in the SS and 

12 in the NS. 

Cause-specific mortality was similar between NS and SS ( 2

3 = 5.7, P = 0.055; 

Table 2). Of the 41 fawns that died in the first 34 weeks, 32 died within the first 9 weeks 

(78.0%). Of those 41 mortalities, 22.0% died natural deaths (excluding predation), and 

85.1% of the predation occurred within 9 weeks of capture (Fig. 2).  

At 34 weeks, predation was the leading cause of death in the NS. Both predation 

and natural deaths were the leading causes of death in the SS. The source of predation 

differed between NS and SS (
2

2   = 9.0, P = 0.028; Table 2) where black bears 

accounted for the majority of predation deaths in the NS and bobcat predation was most 

prevalent in the SS. 

In the NS, survival at 9 weeks post-capture survival was 0.554 (95% CI = 0.411–

0.695). Survival at 26 weeks post-capture was 0.504 (95% CI = 0.359–0.648), and at 34 

weeks post-capture survival was 0.477 (95% CI = 0.337 – 0.621; Fig. 3). Analysis of 

survival to 12 weeks indicated fawn survival varied by week (AICc weight = 0.318, Table 

4, Fig. 3). Mass was not recorded for one fawn from the NS, and was therefore not 

included in the 12-week analysis.  Several covariates (year, day, sex, mass) were < 2 

ΔAICc of the top model, but did not improve model fit as measured by -2 log-likelihood 

(Burnham and Anderson 1998). Therefore, we determined the covariates year, day, sex, 

mass did little to further explain fawn survival when compared to the top model. Survival 
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to 12 weeks was 0.544 (95% CI = 0.400–0.680). Survival to 12 weeks in 2015 was 0.416 

(95% CI = 0.227–0.634), and in 2016 was 0.543 (95% CI = 0.351–0.724).  

The pre-hunt survival rate at 26 weeks in the NS (0.504 [95% CI = 0.359–0.648]) 

was similar to the survival rate estimated by Vreeland et al. (2004) in QWA (0.456 [95% 

CI = 0.360 – 0.556]). The post-hunt survival rate at 34 weeks in the NS (0.477 [95% CI = 

0.337 – 0.621]) was similar to the survival rate estimated by Vreeland et al. (2004) in 

QWA (0.379 [95% CI = 0.277–0.493]). 

 In SS, survival at 9 weeks was 0.761 (95% CI= 0.631–0.890).  Survival at 26 

weeks was 0.708 (95% CI = 0.569–0.848), and at 34 weeks survival was 0.604 (95% CI 

= 0.446–0.741).The analysis of survival at 12 weeks that investigated potential 

explanatory covariates found that fawn survival varied between years (AICc weight = 

0.669, Table 5). Survival of fawns in the SS at 12 weeks in 2015 was 0.534 (95% CI = 

0.298–0.757) and 0.876 (95% CI = 0.678–0.959) in 2016. Mass was not recorded for two 

fawns from the SS, and were not included in the 12-week analysis.  Models that 

incorporated effects of sex, mass at capture, days departure from median date of fawn 

drop, or combinations of these covariates had ΔAICc values > 2 (Table 5). We could not 

evaluate differences in survival between fawns captured with VITs and alternative 

methods (i.e. random searches) in the SS because only 4 fawns were found using VITs (1 

in 2015, 3 in 2016). 

The pre-hunt survival rate at 26 weeks in the SS (0.708 [95% CI = 0.569–0.848]) 

was similar to the survival rate estimated by Vreeland et al. (2004) in PV (0.586 [95% CI 

= 0.488 – 0.677]). The post-hunt survival rate at 34 weeks in the SS (0.60 [95% CI = 
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0.446 – 0.741]) was similar to the survival rate estimated by Vreeland et al. (2004) in PV 

(0.529 [95% CI = 0.427 – 0.663]).   

The statewide black bear population estimate was 15,340 bears in 2000 (95% CI = 

12,796–18,963) and 19,382 bears in 2016 (95% CI = 16,549–22,823) resulting in 0.129 

bears/ km2 in 2000 and 0.162 bears/km2 in 2016 statewide. In WMU 2G that 

encompassed the NS, the black bear populations estimate was 4,598 bears in 2000 (95% 

CI = 2,987–7,450) and 3,381 bears in 2016 (95% CI = 2,621–4,457) resulting in a density 

of 0.570 bears/km2 in 2000 and 0.419 bears/km2 in 2016 for WMU 2G. In WMU 4D that 

encompassed the SS, the black bear population estimate was 1,599 bears in 2000 (95% CI 

= 984–2,815) and 1,281 in 2016 (95% CI= 886–1,980) resulting in a bear density of 

0.225 bears/km2 in 2000 and 0.180 bears/km2 in 2016 for WMU 2D. 

 The statewide total coyote harvests was 11,697 coyotes in 2003 (95% CI = 

10,732–12,662) with 29,048 (95% CI = 27,775–30,321) coyote hunters and trappers 

resulting in 0.403 coyotes per hunter. In 2016, the statewide total coyote harvests was 

25,793 (95% CI = 23,576–28,010) with 50,777 coyote hunters and trappers (95% CI = 

48,476–53,078) resulting in 0.508 coyotes per hunter.  In WMU 2G that encompassed the 

NS, coyote harvest was 2,001 individuals in 2006 (95% CI = 1,824–2,178) with 5,007 

hunter and trappers (95% CI = 4,788–5,226) resulting in 0.400 coyote harvests per hunter 

or trapper. In 2016, coyote harvest was 2,040 (95% CI = 1,869–2,211) with 6,212 hunter 

and trappers (95% CI = 5,910–6,514) resulting in 0.328 coyote harvests per hunter or 

trapper. Estimates of coyote hunters or trappers in 2G were not available before 2006. In 

WMU 4D that encompassed the SS, coyote harvest was 680 individuals (95% CI = 617–

743) with 1,986 hunter and trappers (95% CI = 1,890–2,081) resulting in 0.342 coyote 
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harvest per hunter or trapper. In 2016, the total coyote harvest was 854 (95% CI = 784–

924) with 2,647 hunter and trappers (95% CI = 2,532–2,762) resulting in 0.323 coyote 

harvest per hunter or trapper. Similar to 2G, estimates of hunter participation were not 

available prior to 2006. 

DISCUSSION 

  Although the current study sites did not occur in the same study areas as 

Vreeland et al. (2004) and are therefore not directly comparable, current fawn survival 

rates appear similar to survival rates in 2000. Furthermore, although predator abundances 

are increasing statewide, black bear and coyote abundances are similar in the WMUs that 

encompassed the study areas from the current study and Vreeland et al. (2004) from 2000 

to 2016. Deer densities in the NS (9.2 deer/km2) and SS (10.3 deer/km2) in 2015 were 

also similar to deer densities recorded in 2000–2001 for QWA (8.1 deer/km2) and PV 

(10.8 deer/km2; Vreeland et al. 2004).  

  Similar predator abundances and deer densities we observed may help explain 

why we observed similar survival rates as Vreeland et al. (2004). Predator and prey 

density are essential to understanding predator-prey relationships (Solomon 1949, 

Holling 1965, Beschta and Ripple 2009). Thus, holding other variables constant (e.g. 

alternate food availability), predation pressure on fawns in the NS and SS may be similar 

to predation pressure observed in 2000. However, the current study could not determine 

how predator abundance, habitat composition, encounter rates, and predator foraging 

behaviors within the study areas changed over time and the potential influence these 

factors had on fawn mortality rates. 
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The current study and Vreeland et al. (2004) each had one study area in 

Pennsylvania’s Ridge-and-Valley and one in the Appalachian Plateau physiographic 

regions, thereby increasing similarities between sites that could influence neonate 

survival. However, there are important sources of variation that between the current study 

and Vreeland et al. (2004) which make direct comparisons difficult. In particular, we did 

not use the same study areas as Vreeland et al. (2004). Differences in study site 

composition could account for variation in fawn survival rates from the current study to 

2000. For example, although PV and SS were in the same physiographic region and 

WMU, PV contained 25% more agricultural land cover than SS and contained more 

public land. However, the current study caught the majority of fawns in the SS on private 

agriculture land which increases similarities between PV and SS. Furthermore, VITs 

allows studies to monitor fate from birth and can result in a lower estimation of neonate 

survival. Relying on fawn searches may result in an overestimation of fawn survival if 

you are less likely to capture fawns that die within a few days of birth (Gilbert et al. 2014, 

Chitwood et al. 2016). Vaginal implants were not readily available in 2000 but were used 

in the current study; however, we captured relatively few fawns using VITs (16 of 98 

fawns).  

We observed higher rates of predation in the more forested study area, the NS. 

Lower survival in forested landscapes compared to agricultural landscapes is common 

(see Chapter 1). Although speculative, it is possible differences in bear and coyote 

abundancies, understory cover, or predator foraging behavior was responsible for the 

higher predation rates (Shuman et al. 2017). In mature forested landscapes, less available 

hiding vegetative cover in the understory may result in higher predation risk (Gulsby et 
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al. 2017). However, coyotes forage less efficiently in mature forested landscapes, which 

contradict the current study’s findings (Gulsby et al. 2017). Furthermore, predator 

abundances were greater in the WMU encompassing the NS than in the WMU 

surrounding the SS. Thus, the greater predation in the NS could be attributed to greater 

predator abundances, although we could not estimate abundances in the current study 

areas directly.  

Model selection results indicated fawn survival in the NS was best explained by 

age in weeks. A review of ungulate neonate mortality indicated a majority of neonate 

deaths occur in the first 8 weeks of life suggesting age is an important factor for many 

ungulate neonates (Linnell et al. 1995). Predation mortalities decline after the first few 

weeks of life, presumably because older fawns are more mobile and potentially less 

susceptible to predation (Zager and Beecham 2006). While age is an important predictor 

of fawn survival, at which age fawns are most vulnerable to predation remains unclear. 

Fawn vulnerability may be greatest during 2–8 weeks of age when fawns are more active 

and draw more attention from predators, but are not fully capable of outrunning predation 

events. On the other hand, vulnerability may be greatest at < 2 weeks of age when fawns 

adopt a motionless response to stress stimuli (Lent 1974, Nelson and Woolf 1987, Rohm 

et al. 2007).  

Predation and other natural-caused deaths each accounted for 37.5% of the 

mortalities in the SS where the majority of the fawns were captured in agricultural fields. 

Similar to Vreeland et al. (2004), we observed greater proportions of natural-caused 

deaths (e.g. starvation and abandonment) in the more agricultural area (SS) in comparison 

to the more forested area (NS). Agricultural landscapes are associated with higher quality 
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deer forage (Hewitt 2011, Warbington et al. 2017) that may increase maternal nutritional 

condition with indirect benefits to neonates and potentially offset starvation and disease-

related deaths. Furthermore, North American fawn survival is generally greater in 

agricultural landscapes (see Chapter 1) suggesting the forage available in these 

landscapes may buffer fawn survival in ways other than offsetting malnutrition. 

However, the results observed by the current study and Vreeland et al. (2004) contradict 

hypotheses suggesting the frequency of natural deaths reflects the availability of nutrition 

on the landscape (Nelson and Woolf 1987). 

 In the SS, fawn survival differed between years. A review of temporal variation 

in large herbivore population dynamics indicated survival at early life stages showed 

strong year-to-year variation (Gaillard et al. 2000). White-tailed deer neonate survival 

can be sensitive to annual weather fluctuations (e.g. rainfall and winter severity) 

potentially by influencing high-quality resources available to lactating mothers or by 

producing a chilling effect on neonates (Kie and White 1985, Gaillard et al. 1997, 

Warbington et al. 2017). Environmental variation may influence pre-weaned neonates (< 

3 months old) more than weaned neonates because pre-weaned neonates are entirely 

dependent on maternal care (Gaillard et al. 2000). As such, factors we did not evaluate 

(e.g., maternal condition and weather during lactation) may have influenced 12-week 

fawn survival between years.  

 Factors that we did not evaluate such as understory density, forest structure, 

temperature, and rainfall could explain why the top models of fawn survival in the NS 

and the SS differed (Shuman et al. 2017, Warbington et al. 2017). However, the current 

study was not designed to evaluate how vegetative and abiotic differences influenced 
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fawn survival between study areas, although Vreeland et al. (2004) documented no 

association between percent herbaceous cover and habitat edge density on fawn survival.  

Variables such as sex, mass at capture, and day of birth did not explain variation 

in fawn survival in the current study or Vreeland et al. (2004) although their relationship 

to fawn survival remains unclear. For example, males are more active than females, 

which can result in greater predator detection and lower male survival (Jackson et al. 

1972); though observations of greater male fawn survival contradict this hypothesis 

(McCoy et al. 2013). Furthermore, while heavier neonates may be less susceptible to 

hypothermia, starvation, and predation in large herbivore species (Fairbanks 1993), 

neither of the top models indicated mass explained variation in fawn survival. Although a 

positive association between neonate mass and survival has been documented in red deer 

(Cervus elaphus; Guinness et al. 1978), elk (Cervus Canadensis; Singer et al. 1997), 

white-tailed deer (Kunkel and Mech 1994), caribou (Rangifer tarandus; Adams et al. 

1995), and pronghorn (Antilocapra Americana; Fairbanks 1993). Finally, neonates born 

early in the birthing season may be at greater risk of predation given the fewer number of 

alternate prey on the landscape available for predators but several studies, including the 

current study, failed to see an effect of birth date on fawn survival (Vreeland et al. 2004, 

Saalfeld and Ditchkoff 2007, Chitwood et al. 2015).  

Variation in neonate survival can explain the majority of temporal variation in 

population estimates and influence population growth more than variation in antlerless 

harvest from the preceding autumn (Raithel et al. 2007). Studies of neonate survival 

generally last 2–3 years and provide limited insights into the longer-term variation in 

neonate survival. Although the current fawn survival rates in this study are not directly 
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comparable to the survival rates in 2000 they offer insight in the temporal variation of 

fawn survival in Pennsylvania. The current study paralleled survival estimates from two 

points in time over nearly two decades, but we are limited in our ability to discuss how 

neonate survival has changed between these two points in time. Experimental studies 

with appropriate control groups would better assess how and why neonate survival rates 

respond to ongoing changes in predator populations, human-caused environmental 

variation, and potential future shifts in climate conditions, but are difficult to implement 

and costly.  
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Figure 2-1. Wildlife management units 2G and 4D (in bold) established by the 

Pennsylvania Game Commission that encompass two study areas of white-tailed deer 

(Odocoileus virginianus) fawn survival in a northern study area (NS; grey) and a 

southern study area (SS; black) Pennsylvania, USA, 2015–2016. 

 

Figure 2-2. Number of deaths of white-tailed deer (Odocoileus virginianus) fawns within 

34-weeks after capture attributed to natural causes (excluding predation), human causes 

(harvest and roadkill), black bears (Ursus americanus), coyotes (Canis latrans), and 

bobcats (Lynx rufus) in  central Pennsylvania, May–January, 2015–2016. 

 

Figure 2-3. Survival rates and 95% confidence intervals (SS = dotted lines, NS = solid 

lines) for 56 white-tailed deer (Odocoileus virginianus) fawns in north-central 

Pennsylvania (NS) and 42 fawns captured in central Pennsylvania (SS), 2015–2016. 
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Table 2-1. Number of white-tailed deer (Odocoileus virginianus) fawns captured in the 

northern study area (NS) and the southern study area (SS), Pennsylvania, May–June 2015 

and May–July 2016. 

 2015  2016  

Sex NS SS  NS SS Total 

Female 16 8  12 12 48 

Male 8 10  19 13 50 

Total 24 18  31 25 98 

 

 

 

 

  



 

 

7
6

 

Table 2-2. Cause-specific mortality to 34 weeks of age for 98 white-tailed deer (Odocoileus virginianus) fawns in northcentral (NS, n 

= 56) and central (SS, n = 42), Pennsylvania, May–January 2015–2016 and 2016–2017. 

 2015  2016     

Mortality Cause NS SS 2015 Total  NS SS 2016 Total NS 

Total 

SS 

Total 

Grand 

Total 

Humans  2a 2  1b 1c 2 1 3 4 

Naturald 2 5 7  1 1 2 3 6 9 

Predators 9 4 13  11 2 13 20 6 27 

Black Bear 6 1 7  6  6 12 1 13 

Canide 2 2 4  3  3 5 2 7 

Bobcat  1 1   1 1  2 2 

Unknown 

Predation 

1  1  3 1 4 4 1 5 

Unknown      1 1 0 1 1 

Censoredf  5 2 7  6 3 9 11 5 16 

Total Deaths 11 11 22  14 5 19 25 16 41 



 

 

7
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a Includes one hunter harvest and one roadkill. 

b Wounding loss. 

c Harvest. 

d Excludes predation. Includes starvation and abandonment. 

e Includes coyote (Canis latrans) and one instance of domestic dog (Canis familiarus).  

f Contact was lost with the transmitter or only collars were found with no associated evidence to suggest cause of death.
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Table 2-3. Models used to describe survival (S) of white-tailed deer (Odocoileus 

virginianus) fawns to 12 weeks in the northern study area (NS) and the southern study 

area (SS), central Pennsylvania, 2015–2016.  

   
Model Description k 

   
S (day) Survival varies by days 

between capture date and 

date of peak fawn drop 

within a year 

2 

S (mass) Survival varies by fawn 

mass at capture 
2 

S (VIT) Survival varies between 

fawns caught with a VIT 

and those not caught with a 

VIT 

2 

S (week) Survival varies through 

time by week 
12 

S (year) Survival varies between 

years 
2 

S (week + mass) Survival varies through 

time and by fawn mass at 

capture 

13 

S (week + day) Survival varies through 

time and by the days 

between capture date and 

date of peak fawn drop 

within a year 

13 

S (week + year) Survival varies through 

time with a constant 

difference between years 

13 

S (week + sex) Survival varies through 

time with a constant 

difference between sexes 

13 

S (week * sex) Survival varies through 

time for both sexes 
24 

S (week * year) Survival varies through 

time and between years 
24 

S (week * year * sex) Survival for both sexes 

varies through time and 

between years 

48 
 

a  K = number of parameters.  
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Table 2-4. Model selection statistics for 12 models describing white-tailed deer fawn 

(Odocoileus virginianus) survival in the northern study area (NS) within 12 weeks of 

capture, central Pennsylvania, 2015–2016. 

 

Model ΔAICc
a Wi

b Model 

likelihood 

-2log-

likelihood 

kc 

S (week) 0.0 0.26 1.00  140.7 12 

S (mass + week) 0.4 0.21 0.80 139.1 13 

S (day + week) 1.0 0.15 0.60 139.7 13 

S (sex + week) 1.3 0.13 0.52 139.9 13 

S (year + week) 1.6 0.12 0.45 140.2 13 

S (mass) 3.7 0.04 0.16 165.3 2 

S (day) 5.2 0.01 0.07 166.8 2 

S (year) 5.4 0.01 0.06 167.1 2 

S (VIT) 5.5 0.01 0.06 167.1 2 

S (week * sex) 14.5 0.00 0.01 128.8 24 

S (week * year) 15.5 0.00 0.00 129.8 24 

S (week * year * sex) 60.1 0.00 0.00 115.5 48 
a ΔAICc = difference in AICc value from the model with the lowest AICc value.  

b AICc weight. 

c k = number of parameters. 



80 

 

Table 2-5. Model selection statistics for 12 models describing white-tailed deer 

(Odocoileus virginianus) fawn survival within 12 weeks of capture in the southern study 

area (SS) in central Pennsylvania, 2015–2016. 

      

Model ΔAICc
a Wi

b Model 

likelihood 

-2log-

likelihood 

kc 

      

S (year) 0.0 0.67 1.00 88.0 2 

S (VIT) 3.6 0.12 0.16 91.7 2 

S (day) 4.8 0.06 0.09 92.9 2 

S (mass) 5.4 0.05 0.07 93.4 2 

S (week + year) 9.4 0.01 0.01 74.5 13 

S (week) 12.0 0.00 0.00 79.3 12 

S (week + sex) 13.1 0.00 0.00 78.2 13 

S (week + day) 13.7 0.00 0.00 78.8 13 

S (week + mass) 14.2 0.00 0.00 79.3 13 

S (week * year) 21.8 0.00 0.00 62.6 24 

S (week * sex) 33.3 0.00 0.00 74.1 24 

S (week * year * sex) 74.3 0.00 0.00 56.9 48 
a ΔAICc = difference in AICc value from the model with the lowest AICc value.  

b AICc weight. 

c k = number of parameters. 
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Figure 2-1. 
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Figure 2-2. 
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Figure 2-3.  
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Chapter 3  
 

Evaluation of Activity Sensors for Monitoring Large Herbivore Maternal Behaviors 

Chapter 3 was written in collaboration Duane R. Diefenbach, Bret D. Wallingford, and 

Christopher S. Rosenberry. I have included this manuscript on the following pages as 

formatted for the Journal of Wildlife Management.  
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ABSTRACT We conducted a pilot study to evaluate the performance of a behavioral 

monitoring bio-logger (separation sensors) and detail temporally dynamic patterns of 

mother-fawn spatial relationships in white-tailed deer (Odocoileus virginianus). 

Separation sensors were developed to study mother-offspring behaviors and monitor the 

amount of time study-tagged individuals are within 130 m of each other.  No previous 

published work has detailed the effectiveness of this sensor to study variation in spatial 

relationships among individuals. We monitored the spatial behaviors of 5 mother-fawn 

pairs including 3 sets of twins from parturition until fawn mortality or censorship 

resulting in 5 mothers with 8 total fawns. Using the separation sensor, mothers with twins 

increased the amount of time spent near their fawn immediately after monitoring began; 

although we did not observe this pattern in the one mother we monitored who had only 

one fawn and maternal behavior varied greatly among individuals. The information 

provided by activity sensors would be enhanced if mother-fawn pairs were both equipped 

with GPS location data. These techniques and technologies may be valuable to research 

studying female attentiveness as a measure of maternal behavior to examine ecological 

questions such as maternal favoritism related to the Trivers-Willard theory. 

KEY WORDS activity sensors, maternal behaviors, Odocoileus virginianus, 

Pennsylvania, white-tailed deer  

Bio-logger technology is being used to better understand the behavioral responses of 

wildlife to environmental change (Ropert-Coudert and Wilson 2005, Cooke et al. 2013). 

In changing habitats, wildlife can respond by modifying behaviors (e.g., dispersal rates). 

In addition to the capabilities of global positioning systems (GPS), sensors that monitor 

motion, bursts of activity, and interactions with conspecifics provide insights regarding 



86 

social interactions in large mammals (Williams et al. 2014, Ditmer et al. 2015). 

Developing predictive tools that incorporate behavior to understand species response to 

changing environments is useful for adaptive management approaches (Holling 1978, 

Buchholz 2007, Cooke et al. 2013).  

  Bio-loggers are often limited in their ability to monitor mother-offspring 

behavior because of the cost, size, and weight of deploying sensors on neonates, even in 

large herbivores. Understanding mother-offspring behavior could be important, however, 

because neonates have the most variable survival in large herbivore populations and 

neonate survival is directly related to maternal care (Linnell et al. 1995, Gaillard et al. 

1998). Sensors designed to monitor mother-offspring social interactions have been 

developed but little information is available about the use or limitations associated with 

these technologies in free-ranging large herbivores. Previous studies investigating the 

spatial relationship of mother-offspring pairs historically rely on radio-telemetry and 

visual observations (Ozoga et al. 1982, Huegel 1985, Schwede et al. 1992). Relying on 

radio-telemetry may insufficiently record precise movement and locations, especially in 

rough topography and wooded terrains (Schwede et al. 1992). Most behavioral 

observations in free-ranging herbivores are limited to the daytime and may not be 

representative of nocturnal activity (Huegel 1985). To our knowledge, no published 

research has described the use of separation sensors and how capable they are of 

monitoring individual maternal behaviors over-time.  

In large herbivores, successful protection of young should represent cautious 

associations between mother and young because interactions between mother-offspring 

pairs may draw attention to the location of the neonate and increase likelihood of 
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predation (Lent 1974, Schwede et al. 1993). In white-tailed deer (Odocoileus 

virginianus), spatial relationships in mother-fawn pairs have been noted to be of crucial 

importance to pre-weaned fawns (< 3 months of age) that are entirely dependent on 

maternal care (Ozoga and Verme 1986, Schwede et al. 1994, Costelloe and Rubenstein 

2015). As a proxy for maternal attentiveness, previous investigations have evaluated the 

percentage of time mother-fawn pairs spent in contact and the number of instances a 

mother initiated contact with her fawn. However, the percentage of time in contact may 

be a better measure of maternal attentiveness than the number of contacts between 

mother-offspring pairs when evaluating maternal care over time (Lent 1974). Large 

herbivore mothers will decrease the number of instances they initiate contact with their 

offspring as offspring age and begin to follow the mother, but the percentage of time the 

mother is in contact with her offspring and potentially providing maternal care may vary 

as the mother alters the length of contact (Lent 1974).  

To better understand the capability of new activity sensor technologies in 

monitoring maternal behaviors, we evaluated the performance of a social interaction 

sensor using white-tailed deer mothers and their fawns in two free-ranging deer 

populations in Pennsylvania. Specifically, we used wildlife monitoring GPS collars 

equipped with activity sensors that detect the mortality status and presence (or absence) 

of collared fawns at pre-defined intervals. Our objective was to evaluate the ability of 

separation sensors to monitor the percentage of mother-fawn contact (i.e., the amount of 

time a mother spent near her fawn) over time in weeks as a proxy for maternal 

attentiveness.  

STUDY AREAS 
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We monitored the spatial relationship between mother-fawn pairs in two study areas in 

Pennsylvania, hereafter termed the northern study area (NS) and southern study area 

(SS). The NS was 155 km2 located in the Susquehannock State Forest in the Deep 

Valleys section of the Appalachian Plateaus physiographic region in north-central 

Pennsylvania (Cuff et al. 1989). The topography was a high, flat plateau at approximately 

800 m elevation dissected by steep drainages with the lowest elevation at approximately 

220 m. A mixture of northern hardwoods and conifer forest types comprised 88% of the 

NS based on the USDA National Agricultural Statistics Service Cropland Data Layer 

2015. Dominant tree species were red maple (Acer rubrum), sugar maple (Acer 

saccharrum), black cherry (Prunus serotina), and American beech (Fagus grandifolia). 

Agricultural land cover (row crops, hay and alfalfa fields, pastures) comprised <1% of 

the total NS land area. Remaining land cover was open water, roads, etc. Pre-hunting 

season deer densities in the NS were 9.2 deer/km2 in 2015.  

 The SS was 239 km2 located in Centre, Mifflin, and Huntingdon counties in the 

Ridge and Valley physiographic region in central Pennsylvania (Cuff et al. 1989). The 

topography consisted of long, parallel ridges and valleys along a northeast-southwest 

axis. Agricultural land cover (row crops, hay and alfalfa fields, pastures) comprised 15% 

of the total land area. The oak-hickory forest type usually contained an understory layer 

of ericaceous shrub species (Vaccinium spp. , Gaylussacia spp., Gaultheria procumbens, 

and Kalmia latifolia) and comprised 79% of the land area. Dominant tree species were 

red and white oaks (Quercus spp.) along with red maple, black birch (Betula lenta), black 

gum (Nyssa sylvatica) and hickory (Carya spp.). Pre-hunting season deer densities in the 

SS were approximately 10.3 deer/km2  in 2015. Potential fawn predator species in both 
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study areas included black bear (Ursus americanus), coyote (Canis latrans), red fox 

(Vulpes vulpes), grey fox (Urocyon cinereoargenteus) and bobcat (Lynx rufus).  

METHODS 

Field Study 

We captured adult female deer from January to April, 2015–2016 using rocket nets and 

single-gate clover traps (Hawkins et al. 1968, Carstensen et al. 2009), and inserted a 

vaginal implant transmitter (VIT; Vectronic Aerospace, Berlin, Germany) under 

protocols approved by The Pennsylvania State University Institutional and Animal Care 

and Use Committee (Protocol No. 47054). To insert a VIT, we sedated female deer with a 

150 mg  intramuscular injection (IM) of xylazine hydrochloride and following the 

procedure, reversed sedation with 150 mg tolazoline hydrochloride administered IM. 

Also, we administered 1400 mg IM of oxytetracycline if cuts and abrasions occurred 

during capture.  

We fitted females with a GPS satellite radiocollar (GPS Plus, Vectronic 

Aerospace, Berlin, Germany) linked to the VIT, so that when the VIT was expelled the 

change in ambient temperature caused the VIT to signal the GPS collar to transmit a 

message that a potential birth had occurred. The GPS Plus collars were also equipped 

with UHF-ID tags capable of monitoring and communicating with other UHF-ID tags in 

other collars.  

Upon notification of a VIT expulsion event, a team of 2 to 5 people conducted a 

grid search of the area where the mother was located at the time of VIT expulsion. We 

waited at least 6 hours after receiving notification of expulsion before initiating searches 

to ensure a social bond was established between mother-fawn pairs (Kilgo et al. 2012). 
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We conducted additional searches 8–48 hours after the initial search if no fawns were 

located.  We marked fawns with a numbered, plastic tag in each ear (National Band and 

Tag, Newport, Kentucky) and fitted each fawn with an expandable, very high frequency 

(VHF) radiocollar (Vectronic Aerospace) that was also equipped with a unique UHF-ID 

tag capable of communicating with GPS Plus collars.  

We used separation sensors that monitored whether other UHF-ID tags were 

within a detection range at pre-defined intervals (Vectronic Aerospace). We enabled 

separation sensors to sense the presence of other UHF-ID tags every ten-minutes (the 

minimum amount of time) at the manufacturer standard of 130 m. For example, the 

mother’s collar searched for a fawn’s collar every ten minutes and either indicated 

“TRUE” (i.e., their fawn was within 130 m) or “FALSE” indicating the mother was not 

within 130 m of her fawn. We enabled sensors via remote command and linked to UHF- 

ID tags as soon as we successfully captured and collared fawns found using VITs. We 

monitored fawns until death or until a transmitter with no evidence of mortality was 

recovered. Collar transmitters remaining motionless for 4 hours transmitted a signal 

indicating a possible mortality. 

Data Analysis 

We calculated the percentage of time mother-fawn pairs spent in contact rather 

than the number of contacts between mother-fawn pairs. To calculate the percentage of 

time a mother spent near her fawn within a week we divided the number of 10-minute 

intervals when a fawn was within 130 m by the total number of 10-minute time periods in 

a week and multiplied by 100. We calculated the percentage of time a mother spent near 

her fawn each day for the first seven days of monitoring by dividing the number of 10-
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minute intervals when a fawn was within 130 m by the total number of 10-minute time 

periods within a day and multiplying by 100.  

As mothers with twins must balance time in contact with two fawns we 

investigated maternal attentiveness when a mother had twins in an additional two ways. 

First, we first looked at the percentage of time a mother was near both twins at the same 

time each day for the first week. We also investigated the percentage of time in a mother 

spent in contact with at least one fawn to indicate how much time a mother with twins 

spent on potential mothering activities regardless of whether she was caring for one or 

both fawns. We calculated the total time spent near at least one of her fawns by summing 

the number of times she was recorded with each fawn and subtracting the number of 

times she was with both at the same time. 

RESULTS 

Sensor Performance 

We collared 3 mother-fawn pairs in 2015 and 4 in 2016 with the assistance of 

VITs and GPS Plus collars. We determined that two of the fawns caught near a VIT 

expulsion location were likely not related to the VIT mother and excluded separation data 

from these mother-fawn pairs. We determined these two mothers were not related to the 

fawn we caught near the parturition site because the separation sensors indicated that the 

mothers spent either no time or <10% of their time with the fawns we captured, but the 

fawns did not die from starvation or abandonment. As such, we successfully studied 

behavioral relationships of 5 mother-fawn pairs including 3 sets of twins resulting in 5 

VIT mothers with 8 total fawns (Table 1). 
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 The results we present concerning the percentage of time a mother spent with her 

fawn are not representative of the actual age of the fawn. Separation sensors do not 

account for the first few days of life because of the time allowed for mother-fawn 

bonding, the capture effort, and delay in remotely linking mother-fawn UHF-ID tags. In 

the sample all fawns were caught within one day of the birth event; however, the delay in 

linking mother-fawn UHF-ID tags accounted for a 1 to 7 day delay before separation 

sensors began monitoring mother-fawn association. The delay in remote linking 

individuals averaged 3 days when excluding doe 75 and her fawns 6305 and 6298. A 7-

day delay in remotely linking doe 75 and her fawns was due to a failure of the collar to 

acknowledge the initial satellite command.  

Maternal behaviors  

We observed weekly trends in the percentage of time a doe spent near her fawn. 

Mothers 53a and 53b produced one fawn, but the fawn of doe 53b died at 10 days of age 

(Table 1, Fig. 1). As such, when discussing weekly trends in mother-fawn behaviors all 

but one of the study- tagged mothers had twins. Mothers with twins generally increased 

the amount of time spent with their fawns each week (Fig. 2).  

All eight fawns lived for the entirety of the first week of monitoring (Table 2, Fig. 

3). The percentage of time a doe spent with at least one fawn when twins were produced 

averaged 55.8% during the first week although there was variation among the three 

individual mothers that produced twins (Table 3). Doe 63 spent an average of 45.9% of 

her daily time with at least one fawn while doe 55 spent an average of 87.3% of her time 

with at least one fawn (Table 3). For the mothers with twins, we determined that the 

amount of time the mother spent near both fawns at the same time varied among 
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individuals. Two mothers (doe 75 and doe 63) spent <10% of their time daily with both 

fawns at the same time while doe 55 spent a daily average of 36.9% of her time close to 

both fawns at the same time (Table 3). 

DISCUSSION  

 We found that separation sensors collected data sufficiently detailed to detect 

individual variation in maternal attentiveness. Although the devices that we employed 

enhanced current knowledge of maternal behaviors, they were not without limitations. 

Much of the data available from these sensors (i.e., distance between individuals, contact 

periods, etc.) could be obtained for two individuals if they both were fitted with GPS 

collars. However, there are currently no GPS collars commercially available for 

monitoring neonate movements and behaviors because of cost, size, and weight 

limitations. As such, these sensors can provide a cost-effective alternative to studying 

intra- and inter-species interactions as long as their limitations are recognized.  

One assumption of these sensors is that a mother within 130 m indicates maternal 

care behavior is occurring, which may not be true. We can conclude that mother-fawn 

pairs are near one another, but we cannot conclude that the mother was providing direct 

care to the fawn during this time. However, the pilot study did detect variation in the 

spatial relationship between mother-fawn pairs over time which has previously been used 

to study variation in white-tailed deer maternal behaviors (Ozoga and Verme 1986).  

Small sample sizes limited the ability to infer how maternal behaviors influenced 

fawn survival and to investigate factors that influence maternal behavior. A benefit to 

these sensors, however, is their ability to address some important ecological questions 

concerning variation in maternal behaviors. The Trivers-Willard theory suggests parental 
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investment in offspring is unequal between the sexes and females would be expected to 

favor male offspring when parental investment is long-term (Trivers and Willard 1973). 

Sheldon and West (2004) found studies using behavior to measure the quality of a mother 

were more likely to support the Trivers-Willard hypothesis than studies that used 

morphological or physiological measures of maternal condition. Used in unity with 

measures of body condition (e.g. mass) and physiological condition (e.g. glucocorticoid 

stress levels) separation sensors provide an opportunity to more fully understand how the 

interaction of behavior, morphological, and physiological factors affect maternal 

investment.  

Both maternal effects (the direct influence of a maternal phenotype on the 

offspring phenotype) and maternal behaviors are likely contingent on environmental 

variation and can influence population demography through offspring growth, survival, 

and fitness (Kunkel and Mech 1994, Bernardo 1996, Monteith et al. 2009). The 

relationship between a mother’s physical condition and its influence on offspring survival 

is better understood than how maternal behaviors affect offspring survival. For example, 

mothers in poor physical condition are more likely to give birth to smaller, weaker young 

and result in an increased likelihood of mortality (Cook et al. 1971, Kunkel and Mech 

1994). Studies of maternal behaviors often address hypotheses of maternal investment 

(i.e., Trivers-Willard) but stop short of addressing whether maternal investment 

influenced offspring survival. Separation sensors provide a measure of maternal 

attentiveness that could be used as a predictor of offspring survival. Furthermore, 

provided a large enough sample size, examining how habitat type, deer density, predator 
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density, and maternal condition (e.g. mass, age) influences maternal behavior could 

reveal how maternal behavior might respond to habitat and community change.  

We observed consistent weekly patterns in maternal behavior. Schwede et al. 

(1994) reported that mothers remained closest to their fawn during the first 2 weeks, but 

enhanced fawn seclusion during weeks 3–6. We observed a similar pattern in doe 53a and 

her fawn 5911 where there was a slight plateau of association time between weeks 3 to 7 

and increased at week 8 of monitoring.  However, in the mothers with twins we did not 

observe this pattern. Mothers with twins exhibited a general increasing trend each week 

from the beginning of monitoring, although there was individual variation. Additionally, 

Huegel (1985) observed a third pattern of maternal associations where mothers spent 

approximately 20% of their time each week with their fawns until the fawn reached 5 

weeks of age. We did not observe this pattern in any of the mother-fawn pairs. Temporal 

patterns of mother-young associations may differ between sexes possibly due to 

increased activity patterns of males around 8 weeks of age although we did not observe 

any differences between sexes (Schwede et al. 1994, Therrien et al. 2008).  

Little information exists on the variation of maternal behavior in free-ranging 

white-tailed deer herds during the first two weeks of life when many studies record high 

mortality rates (Rohm et al. 2007, see Chapter 2). We did not observe a clear pattern 

among individuals concerning the amount of time a mother spent with her fawn during 

the first week of monitoring. Also, we detected no differences between mothers with 

twins and mothers with a single fawn in the average amount of time they spent near at 

least one fawn (i.e., time spent potentially providing care) during the first week. While 

some mothers limited the time they spent with at least one of their fawns (i.e., time spent 
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potentially providing care), others spent almost 90% of their time each day near at least 

one of their fawn during the first week. The bedding location of each fawn may help 

explain some of the variation in the amount of time they spent with each fawn. Fawns 

choose their bedding location within the context of their mother’s home range (Huegel et 

al. 1986).  As such, mothers that spent a significant amount of time with both fawns 

simultaneously may not be displaying greater levels of maternal attentiveness in 

comparison to mothers who spent little time with both fawns simultaneously. Rather, a 

greater amount of time spent near both fawns simultaneously may be a result of fawns 

that chose to bed down near each other. However, we are limited in the inferences about 

the cause of variation in the amount of time mothers spent with their fawns.  

 No studies have quantified white-tailed deer maternal attentiveness to the 

accuracy discussed here despite the availability of behavioral monitoring using bio-

loggers. The results suggest that maternal behavior is variable among individuals, but 

small sample size limits the ability to accurately describe this behavior. Maternal 

behaviors may influence the survival of fawns and quantifying maternal behavior as a 

source of variation in early survival rates could be useful to wildlife managers and when 

testing ecological theories. 
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Figure 3-1. The percentage of time two white-tailed deer (Odocoileus virginianus) mother-fawn pairs spent within 130 m of their fawn 

each week following the beginning of monitoring in Pennsylvania, 2015–2016. Doe 53b and her male fawn (6275) were only 

monitored for one full week because fawn 6275 died at 10 days and only full weeks of monitoring are graphed. Doe 53a and her male 

fawn (5911) were monitored for 23 full weeks. Monitoring began approximately 1–7 days after birth. 

 

Figure 3-2. The percentage of time white-tailed deer (Odocoileus virginianus) mothers spent within 130 m of each fawn each week 

when twins were produced for three individual mothers in Pennsylvania, 2015–2016. Only full weeks are graphed for (a) doe 63 and 

two female fawns 6103 and 6107, (b) doe 75 and male fawn 6298 and female fawn 6305, (c) doe 55 with two male fawns 6311 and 

6297 and (d) all fawns graphed together where similar colors indicate sibling  relationship. Monitoring began approximately 1–7 days 

after birth. 

 

Figure 3-3. The percentage of time a white-tailed deer (Odocoileus virginianus) mother spent within 130 m of her fawn(s) during the 

first 7 days of monitoring in Pennsylvania, 2015–2016. Similar marker shapes indicate twins. Monitoring began approximately 1–7 

days after birth. 
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Table 3-1. White-tailed deer (Odocoileus virginianus) mother-fawn pairs and the percentage of time spent within 130 m of each other 

from the beginning of monitoring until a fawn died or the collar fell off in white-tailed deer in central Pennsylvania, 2015–2016. 

Doe ID Fawn ID Sex 
Weeks 

monitored 

 Time period (weeks)a 

1 2 3 4 5–8 9–16 

53a 5911 Male 23  49.0 45.0 30.1 37.9 31.4 66.6 

63 6103 Female 46  21.9 23.8 20.0 21.7 32.3 68.9 

63 6107 Female 36  26.7 24.6 19.5 26.1 34.0 71.4 

53b 6275 Male 1  41.5      

55 6311 Male 31 57.8 24.6 49.1 52.6 47.9 78.4 

55 6297 Male 1 67.8      

75 6305 Female 10 16.0 28.3 29.3 50.4   

75 6298 Male 2 19.4 22.4     

a A delay between the actual birth event and time when separation sensors began collecting data (1–7 days) means the beginning of 

monitoring does not indicate the age of the fawn. 
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Table 3-2. Percentage of time a white-tailed deer (Odocoileus virginianus) mother spent 

within 130 m of her fawn (i.e., association) each day during the first week of monitoring 

in central Pennsylvania, 2015–2016. 

Doe ID 
Fawn 

ID 

Day 

1a 2 3 4 5 6 7 

53a 5911 73.1 39.8 44.4 48.6 56.9 53.4 36.8 

63 6103 13.9 16.7 21.1 25.7 29.9 26.3 14.6 

63 6107 34.8 40.9 21.5 27.8 29.2 9.0 29.2 

53b 6275 47.0 44.4 57.6 26.4 45.8 34.0 25.4 

55 6311 58.9 47.2 51.7 60.4 49.3 69.4 68.1 

55 6297 57.8 57.6 58.0 81.2 61.1 85.4 69.4 

75 6305 15.3 14.6 26.4 21.5 6.9 8.3 15.3 

75 6298 23.7 12.5 4.9 11.8 17.4 29.4 37.5 

a Not a full 24-hour period. Percentage calculated from the remainder of the day once a 

mother-fawn pair was connected.  

 

 



104 

 

Table 3-3. Percentage of time within a day that 3 white-tailed deer (Odocoileus 

virginianus) mothers with twins spent within 130 m of at least one fawn, with each of her 

fawns, and with both fawns at the same time in central Pennsylvania, 2015–2016.  

  Dayb 

  1a 2 3 4 5 6 7 

Doe 75         

 Percentage of time spent 

with at least one fawn 

 

34.0 27.1 31.2 33.3 24.3 37.8 52.1 

 Percentage of time with 

fawn 6305 

 

15.3 14.6 26.4 21.5 6.9 8.4 15.3 

 Percentage of time with 

fawn 6298 

 

23.7 12.5 4.9 11.8 17.4 29.4 37.5 

 Percentage of time with 

both fawns at the same 

time 

 

0.0 0.0 0.0 0.0 0.0 0.0 0.7 

Doe 55          

 Percentage of time spent 

with at least one fawn 

 

86.7 93.8 88.8 85.4 75.0 97.2 84.0 

 Percentage of time with 

fawn 6311 

 

58.9 41.2 51.7 60.4 49.3 69.4 68.1 

 Percentage of time with 

fawn 6297 

 

57.8 57.3 58.0 81.3 61.1 85.4 69.4 

 Percentage of time with 

both fawns at the same 

time 

 

30.0 11.1 21.0 50.0 35.4 57.6 53.5 

Doe 63         

 Percentage of time spent 

with at least one fawn 

 

40.4 50.0 38.9 53.5 59.0 35.4 43.8 

 Percentage of time with 

fawn 6107 

 

34.9 41.0 21.5 27.8 29.2 9.0 29.2 

 Percentage of time with 

fawn 6103 

 

14.0 16.7 20.1 25.7 29.9 26.4 14.6 
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 Percentage of time with 

both fawns at the same 

time 

9.3 7.6 2.3 0.0 0.0 0.0 0.0 

a Not a full 24-hour period. Percentage calculated from the remainder of the day once a 

mother-fawn pair was connected.  

b A delay between the actual birth event and the time when separation sensors began 

collecting data (1–7 days) means the beginning of monitoring does not indicate the exact 

age of the fawn. 

 

 

 



106 

 

Figure 3-1.  
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Figure 3-2.  
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Figure 3-3.  
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Appendix A: 

 Fawn Survival Studies used in Meta-Analysis Regressions 

 

Location of 26 studies of 3–6 month old white-tailed deer (Odocoileus virginianus) fawn survival and when data (X) were included in 

each of three regression analyses in the meta-analysis.  Three studies described their two study areas in enough detail to treat each 

study area as a separate population: the current study, Vreeland et al. (2004), and Warbington et al. (2017). 

     Regression 

State Study Density (deer/ km2)a Density (deer per forested km2)b Land coverc 

Oklahoma Bartush and Lewis 1981       

Michigan Burroughs et al. 2006 X X X 

Minnesota Carstensen et al. 2009  X     

Texas Carroll and Brown 1977       

North Carolina Chitwood et al. 2015 X X X 

Texas Cook et al. 1971       

Missouri Dalton 1985       

Massachusetts Decker et al. 1992 X X X 
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South Dakota Grovenburg et al. 2012 X X X 

South Dakota & 

Minnesota 
Grovenburg et al. 2011     X 

Michigan Hiller et al. 2008 X X X 

Iowa Huegel et al. 1985       

Alabama Jackson and Ditchkoff 2013 X     

Ohio Kennedy 2015 X     

South Carolina Kilgo et al. 2012 X X X 

Minnesota Kunkel and Mech 1994 X     

South Carolina McCoy et al. 2013       

Illinois Nelson and Woolf 1987       

Illinois Piccolo et al. 2012       

Illinois Rohm et al. 2006     X 

Alabama Saalfeld and Ditchkoff 2007       

Minnesota Schulz 1983       

Louisiana  Shuman et al. 2017 X X X 

Pennsylvania Vreeland et al. 2004 X X X 

Pennsylvania Vreeland et al. 2004 X X X 

Pennsylvania Current Study (NSd) X X X 

Pennsylvania Current Study (SSe) X X X 
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Wisconsin Warbington et al. 2017 X X X 

Wisconsin Warbington et al. 2017 X     

Total populations: 29 17 12 14 
a  Relationship (weighted by sample size) of fawn (3–6 months old) survival to deer density (deer/km2). 

  
b  Relationship (weighted by sample size) of fawn (3–6 months old) survival to deer density per forested km2. 

c  Relationship (weighted by sample size) between fawn (3–6 months old) survival rate and percentage of agriculture within the 

study area. 

d Northern study area. 

e Southern study area. 
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Appendix B:  

Fawn Survival Studies used in Meta-Analysis Analyses of Variance 

List of 26 studies of 3–6 month old white-tailed deer (Odocoileus virginianus) fawn survival and mortality and when data (X) were 

included in 2 non-parametric kruskal-wallis and/or 9 analyses of variance (ANOVA).  Three studies described their two study areas in 

enough detail to treat each study area as a separate population: the current study, Vreeland et al. (2004), and Warbington et al. (2017). 

  Kruskal-Wallis   ANOVA 

Study KW1a KW2b   1c 2d 3e 4f 5g 6h 7i 8j 9k 

Bartush and Lewis 1981 X 
           

Burroughs et al. 2006 X X 
 

X X X X X X X X X 

Carstensen et al. 2009  X X 
 

X X X X X X X 
  

Carroll and Brown 1977 X 
  

X 
 

X 
 

X 
 

X X 
 

Chitwood et al. 2015 X X 
 

X X X X X X X X X 

Cook et al. 1971 X 
           

Dalton 1985 X 
           

Decker et al. 1992 X X 
 

X X X X X X X X X 

Grovenburg et al. 2012 X X 
 

X X X X X X X X X 

Grovenburg et al. 2011 X X 
 

X X X X X X X X X 
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Hiller et al. 2008 X X 
 

X X X X X X X X X 

Huegel et al. 1985 X 
  

X 
 

X 
 

X 
 

X X 
 

Jackson and Ditchkoff 

2013 
X X 

 
X X X X X X X X X 

Kennedy 2015 X X 
          

Kilgo et al. 2012 X X 
 

X X X X X X X X X 

Kunkel and Mech 1994 X X 
 

X X X X X X X 
  

McCoy et al. 2013 X 
  

X 
 

X 
 

X 
 

X X 
 

Nelson and Woolf 1987 X 
  

X 
 

X 
 

X 
 

X X 
 

Piccolo et al. 2012 X 
  

X 
 

X 
 

X 
 

X X 
 

Rohm et al. 2006 X X 
 

X X X X X X X X X 

Saalfeld and Ditchkoff 

2007 
X 

           

Schulz 1983 X 
    

X 
 

X 
    

Shuman et al. 2017 X X 
 

X X X X X X X X X 

Vreeland et al. 2004 X X 
 

X X X X X X X X X 

Vreeland et al. 2004 X X 
 

X X X X X X X X X 

Current Study (NSl) X X 
 

X X X X X X X X X 

Current Study (SSm) X X 
 

X X X X X X X X X 

Warbington et al. 2017 X X 
 

X X X X X X X X X 

Warbington et al. 2017 X X 
 

X X X X X X X X X 
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Total populations: 29 19 

 

23 18 24 18 24 18 23 21 16 
a  Kruskal-Wallis test of the mean proportion of fawns killed by 3 mortality sources: human, natural excluding predation, and 

predation. 

b  Kruskal-Wallis test of the mean rate of fawns killed by 3 mortality sources: human, natural excluding predation, and predation.  

c  Proportion of predation-caused deaths among forested, mixed, and agricultural landscapes. 

d Predation rate among forested, mixed, and agricultural landscapes. 

e  Proportion of human-caused deaths among forested, mixed, and agricultural landscapes. 

f   Rate of human-caused deaths among forested, mixed, and agricultural landscapes. 

g   Proportion of natural deaths among forested, mixed, and agricultural landscapes. 

h  Rate of natural deaths among forested, mixed, and agricultural landscapes. 

i   Proportion of black bear, bobcat, and coyote predation. 

j Proportion of coyote-related deaths among forested, mixed, and agricultural landscapes. 

k  Coyote predation rate among forested, mixed, and agricultural landscapes. 

l Northern study area. 

m Southern study area.  
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Appendix C:  

Fawn Characteristics 

Individual characteristics of white-tailed deer (Odocoileus virginianus) fawns captured in a northern study area (NS) and a southern 

study area (SS) from 2015–2016 in Pennsylvania, USA. 

Fawn 

id 

Collar 

id
a
 

Study 

area 

Date 

captured 

Days from 

peak
b
 Sex Fate

c
 Fate date 

Mass 

(kg) 

9-week 

survival 

26-week 

survival 

34-week 

survival 

8125 5906 SS 8-Jun-2015 7 M Survived 

 

4.20 Yes Yes Yes 

8195 6106 SS 5-Jun-2015 4 F Natural  8-Nov-2015 3.19 No No No 

8233 6110 SS 9-Jun-2015 8 M Censord 8-Jul-2015 4.72 Censor Censor Censor 

8243 6140 SS 4-Jun-2015 3 M Survived 

 

3.20 Yes Yes Yes 

8339 6120 SS 29-May-2015 3 F Bobcat 1-Jul-2015 3.20 No No No 

8345 6122 SS 16-May-2015 16 F Natural  19-May-2015 3.48 No No No 

8347 5915 NS 2-Jun-2015 1 F Canid 7-Apr-2015 3.15 No No No 

8369 5907 NS 12-Jun-2015 11 F Bear 1-Aug-2015 6.50 No No No 

8395 5912 SS 5-Jun-2015 4 M Survived 

 

3.10 Yes Yes Yes 
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8441 6112 SS 1-Jun-2015 0 F Humane 7-Dec-2015 4.67 Yes  Yes No 

8459 5902 SS 3-Jun-2015 2 F Humanf 1-Aug-2015 6.74 No No No 

8469 5124 SS 4-Jun-2015 3 M Natural  6-Jun-2015 4.00 No No No 

8615 6114 SS 2-Jun-2015 1 F Survived 

 

4.68 Yes Yes Yes 

8619 6127 NS 3-Jun-2015 2 F Natural  7-Jun-2015 4.55 No No No 

8621 6104 SS 9-Jun-2015 8 F Canid 24-Jun-2015 4.21 No No No 

8631 5909 NS 12-Jun-2015 11 F Survived 

 

5.86 Yes Yes Yes 

8655 6123 NS 5-Jun-2015 4 F Censord 27-Jun-2015 5.11 Censor Censor Censor 

8665 6103 NS 24-May-2015 8 F Survived 

 

3.31 Yes Yes Yes 

8666 6105 NS 20-May-2015 12 M Bear 15-May-2015 3.80 No No No 

8679 5905 NS 26-May-2015 6 M Bear 1-Jun-2015 5.05 No No No 

8683 5900 SS 2-Jun-2015 1 M Natural 5-Jun-2015 2.93 No No No 

8837 5919 NS 1-Jun-2015 0 F Survived 

 

5.73 Yes Yes Yes 

8841 6119 NS 4-Jun-2015 3 M Survived 

 

3.51 Yes Yes Yes 

8851 6111 NS 22-May-2015 10 M Censord 6-Jul-2015 4.82 Censor Censor Censor 

8853 6109 NS 23-May-2015 9 F 

Unknown 

Predation 20-Jun-2015 2.98 No No No 
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8854 6117 NS 28-May-2015 4 M Canid 10-Jun-2015 5.02 No No No 

8857 6113 NS 24-May-2015 8 F Censord 27-May-2015 6.80 Censor Censor Censor 

8859 5911 NS 1-Jun-2015 0 M Survived 

 

4.21 Yes Yes Yes 

8861 5903 NS 27-May-2015 5 F Natural  7-Jan-2015 4.38 No No No 

8863 5901 NS 3-Jun-2015 2 F Survived 

 

8.47 Yes Yes Yes 

8867 6125 NS 2-Jun-2015 1 M Censord 24-Jun-2015 5.68 Censor Censor Censor 

8869 5917 NS 2-Jun-2015 1 M Censorg 2-Jun-2016 1.48 Censor Censor Censor 

8907 6118 SS 2-Jun-2015 1 M Bear 14-Nov-2015 4.29 Yes No No 

8951 5908 NS 4-Jun-2015 3 F Canid 1-Oct-2015 5.74 Yes No No 

8961 6116 SS 10-Jun-2015 9 M Natural 14-Dec-2015 7.60 Yes Yes No 

8967 5918 SS 10-Jun-2015 9 M Censord 16-Jun-2015 N/A Censor Censor Censor 

8995 6136 SS 7-Jun-2015 6 M Survived 

 

3.12 Yes Yes Yes 

9109 6139 NS 15-Jun-2015 14 F Survived 

 

8.20 Yes Yes Yes 

9137 6107 NS 24-May-2015 8 F Survived 

 

3.48 Yes Yes Yes 

9139 6115 NS 26-May-2015 6 F Bear 6-Jul-2015 3.96 No No No 

9151 6121 NS 4-Jun-2015 3 F Bear 25-Jun-2015 3.66 No No No 

9159 5883 NS 7-Jun-2015 6 F Bear 25-Jun-2015 5.87 No No No 
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11819 ATS SS 29-May-2016 3 F Unknownh 29-Nov-2016 5.01 Yes Yes No 

11931 ATS SS 15-Jun-2016 14 M 

Unknown 

Predation 22-Jul-2016 3.69 No No No 

12057 6311 NS 29-May-2016 3 M Survived 

 

3.70 Yes Yes Yes 

12097 6283 NS 18-May-2016 14 F Survived 

 

4.22 Yes Yes Yes 

12114 6284 SS 14-Jun-2016 13 F Survived 

 

N/A Yes Yes Yes 

12167 6314 SS 23-May-2016 9 M Survived 

 

2.98 Yes Yes Yes 

12177 ATS NS 10-Jun-2016 9 F Survived 

 

6.72 Yes Yes Yes 

12205 ATS NS 27-May-2016 5 F Natural  9-Jun-2016 5.25 No No No 

12206 ATS SS 1-Jun-2016 0 M Survived 

 

5.90 Yes Yes Yes 

12229 ATS SS 24-Jun-2016 8 M Survived 

 

3.65 Yes Yes Yes 

12236 6300 SS 6-Jun-2016 5 F Censord 25-Jul-2016 5.53 Censor Censor Censor 

12244 6313 NS 18-May-2016 14 F Canid 7-Jun-2016 2.14 No No No 

12311 6305 SS 27-May-2016 5 F Censord 19-Aug-2016 2.84 Yes Censor Censor 

12314 ATS SS 1-Jun-2016 0 M Survived 

 

5.04 Yes Yes Yes 

12327 ATS NS 21-May-2016 11 F 

Unknown 

Predation 4-Oct-2016 3.93 No No No 

12334 ATS SS 26-May-2016 6 F Survived 

 

3.97 Yes Yes Yes 
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12350 ATS SS 29-May-2016 3 F Humani 9-Dec-2016 3.89 Yes Yes No 

12351 ATS SS 2-Jun-2016 1 M Censord 11-Jan-2017 5.95 Yes Yes Censor 

12352 6298 SS 27-May-2016 5 M Bobcat 22-Jun-2016 3.25 No No No 

12359 ATS SS 21-Jun-2016 20 F Survived 

 

3.24 Yes Yes Yes 

12370 ATS NS 28-May-2016 4 M Canid 18-Jun-2016 4.26 No No No 

12378 6299 NS 9-Jul-2016 38 M Censord 12-Aug-2016 3.22 Censor Censor Censor 

12380 ATS NS 13-Jun-2016 12 M Survived 

 

4.75 Yes Yes Yes 

12387 ATS SS 29-May-2016 3 F Survived 

 

3.97 Yes Yes Yes 

12389 ATS NS 23-May-2016 9 F Bear 15-Jul-2016 3.27 No No No 

12401 ATS SS 15-Jun-2016 14 M Survived 

 

5.20 Yes Yes Yes 

12407 6310 SS 10-Jun-2016 9 M Survived 

 

4.69 Yes Yes Yes 

12425 ATS NS 21-May-2016 11 M Bear 31-May-2016 3.47 No No No 

12433 ATS NS 19-May-2016 13 F Censord 29-Sep-2016 4.49 Yes Censor Censor 

12437 6293 NS 23-May-2016 9 M 

Unknown 

Predation 14-Jul-2016 5.37 No No No 

12495 ATS NS 2-Jun-2016 1 M 

Unknown 

Predation 8-Jun-2016 5.11 No No No 

12571 ATS SS 29-May-2016 3 M Survived 

 

3.62 Yes Yes Yes 
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12598 6304 NS 31-May-2016 1 M Survived 

 

5.59 Yes Yes Yes 

12610 ATS NS 25-May-2016 7 M Censord 9-Jul-2016 2.82 Censor Censor Censor 

12623 6307 NS 16-May-2016 16 F Censord 22-May-2016 3.30 Censor Censor Censor 

12630 6275 NS 22-May-2016 10 M Bear 4-Jun-2016 3.62 No No No 

12667 6277 NS 17-May-2016 14 M Censord 7-Nov-2016 4.03 Yes Censor Censor 

12668 6290 NS 6-Jun-2017 15 F Bear 9-Jun-2016 5.96 No No No 

12696 ATS NS 8-Jun-2016 7 F Censord 11-Jul-2016 7.10 Censor Censor Censor 

12714 6296 SS 9-Jun-2016 8 F Survived 

 

3.14 Yes Yes Yes 

12771 ATS SS 1-Jun-2016 0 M Survived 

 

4.56 Yes Yes Yes 

12819 ATS SS 18-Jun-2016 17 F Natural 9-Jul-2016 4.80 No No No 

12858 ATS SS 29-May-2016 3 M Survived 

 

4.36 Yes Yes Yes 

12880 6312 SS 31-May-2016 1 F Survived 

 

3.79 Yes Yes Yes 

12901 ATS SS 10-Jun-2016 9 F Survived 

 

4.51 Yes Yes Yes 

12931 6287 NS 23-May-2016 9 M Survived 

 

3.34 Yes Yes Yes 

12946 ATS SS 13-Jun-2016 12 M Survived 

 

4.84 Yes Yes Yes 

13053 ATS NS 23-May-2016 9 M Survived 

 

3.27 Yes Yes Yes 

13214 6297 NS 29-May-2016 3 M Bear 12-Jun-2016 3.84 No No No 
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13485 ATS NS 6-May-2016 4 M Survived 

 

5.60 Yes Yes Yes 

13611 ATS NS 10-Jun-2016 9 M Humanj 17-Oct-2016 N/A Yes No No 

13736 ATS NS 6-Jun-2016 5 F Canid 24-Jun-2016 2.15 No No No 

16012 ATS NS 1-Jun-2016 0 F Bear 19-Dec-2016 4.23 Yes Yes No 

16016 ATS NS 1-Jun-2016 0 M Survived 

 

3.33 Yes Yes Yes 

16024 6301 NS 2-Jun-2016 1 M Censord 10-Jun-2016 3.04 Censor Censor Censor 

99902 ATS NS 16-Jun-2016 15 M Survived   8.80 Yes Yes Yes 
a Collars from Advanced Telemetry Systems (ATS) were not assigned a collar ID. 

b Peak fawn birth in Pennsylvania was June 1 (Pennsylvania Game Commission, personal communication). 

c Survived- indicated the fawn survived all time periods within the study. 

d Collar was shed and recovered before 34 weeks of monitoring. 

e Only a gut pile was found near collar and was likely an unreported harvest. 

f Roadkill mortality. 

g VHF signal never came on air. 

h Fawn didn't appear malnourished, diseased, and no signs of predation.  

i Unrecovered harvest attempt. 
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j Reported harvest. 

 


