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In contrast with other Odocoileus species, Columbian black-tailed deer (Odocoileus hemionus 

columbianus) population dynamics are not well understood throughout the species’ range. 

Concerns over apparent long-term population declines have prompted efforts to fill basic 

knowledge gaps including estimates of vital rates (fecundity, recruitment and survival) and cause-

specific mortality. The Oregon Department of Fish and Wildlife completed an extensive 

Columbian black-tailed (black-tailed) deer radio-collaring study in Oregon’s south Cascade range 

from 1994 – 2000, with the goal of better understanding and anticipating the effects of different 

harvest management strategies on deer herds in the region. I utilized this historical data to 

conduct an in-depth investigation of seasonal sex- and age-specific survival rates and cause-

specific mortality rates for marked black-tailed deer. 

 I used known-fate data for 293 male and female radio-collared black-tailed of 3 age 

classes (yearling, 2-year old, adult) to estimate seasonal survival and investigate a variety of 

explanatory factors including sex, age class, temporal effects (seasonal, annual and trends across 

season and year), and time-dependent large-scale regional climate covariates. Variation in 

survival rates for this population was best explained by an interaction between sex and age class, 

with decreased probability of survival with increasing age class. The age effect was most 

pronounced in males, and although female survival in the older age classes was higher compared 



 

to male survival as predicted, yearling males had higher survival rates than yearling females. 

There was strong support for temporal variation in survival between summer and winter seasons, 

with winter survival best modeled as constant across years and summer survival variable across 

years. Winter survival was generally higher than summer except in 1997 when winter and 

summer rates were similar. Despite annual variation in summer survival rates, large-scale climate 

indices (Southern Oscillation Index, Pacific Decadal Oscillation, and Palmer Drought Severity 

Index) did not explain any temporal variation in survival rates within seasons. Low survival rates 

during the summer season, particularly for older males, resulted in low estimates of annual 

survival in some years. Annual estimates for males ranged from 0.47 – 0.76 for yearlings, 0.29 – 

0.60 for 2-year olds and 0.14 – 0.40 for adults across the 6 years of this study. Annual estimates 

for females were generally higher than for males but were some of the lowest documented for the 

species, ranging from 0.47 – 0.76 for yearlings, 0.46 – 0.75 for 2-year olds and 0.44 – 0.74 for 

adults.  

 I used the nonparametric cumulative incidence function estimator (NPCIFE) to generate 

annual and seasonal cumulative incidence functions for four competing risks: harvest, predation, 

other low-incidence sources of anthropogenic or natural mortality, and mortality due to unknown 

sources. Annual and seasonal risk functions were pooled across all years of the study to maximize 

sample size. As predicted in this system with limited antlerless harvest, cumulative risk of harvest 

across the entire annual cycle (365 days) was significantly higher for males (0.16, 95% CI = 0.11 

– 0.21); a 16% annual cumulative risk compared to just 3% for females (0.03, 95% CI = 0.01 – 

0.05). In addition, cause-specific mortality by male age class during the period of highest hunting 

pressure (general Cascade rifle season) suggested that 2-year-old males had over twice the 

cumulative risk of legal harvest with 22% of this age class killed by hunters during the general 

rifle season (0.22, 95% CI = 0.12 – 0.33) compared to 10% of adults (0.10, 95% CI = 0.04 – 

0.15). Most yearling males survived the harvest season as cumulative legal harvest risk for 



 

yearling males was low (0.02, 95% CI = -0.01 – 0.06) relative to 2-year-olds and adults. Cougars 

(Puma concolor) were the primary predator of marked black-tailed deer and there was no 

significant difference in annual cumulative predation risk between the sexes (males: 0.05, 95% CI 

= 0.02 – 0.08; females: 0.05, 95% CI = 0.03 – 0.08), with only 5% risk of predation each year for 

both males and females. There was strong evidence that cumulative predation risk for females 

was higher in winter (0.04, 95% CI = 0.02 – 0.06) compared to summer (0.01, 95% CI = -0.002 – 

0.02), and an increase in cumulative risk from February to May provides supportive evidence that 

females are more susceptible to predation during these months.  

 High survival rates of yearling males with dramatic declines in survival once many of 

these deer became 2-year olds or older suggest that harvest may have had an additive effect and 

been the primary cause of low survival rates observed for males. Observed variability in summer 

survival resulted in variable, and in some years very low, annual survival rates for adult females; 

a strong contrast to the generally stable annual survival rates reported for other populations of 

mule deer. The highest estimates of annual survival for yearling males and for females of all age 

classes (0.74) in 1997 are comparable to the low range of estimates observed in other populations, 

but in other years estimates are much lower than what has been previously reported for black-

tailed deer. These low survival rates might suggest a mechanism resulting in population decline 

over time, but more information on other vital rates (fecundity, fawn survival, and recruitment), 

carrying capacity of the system and population size is necessary to understand the population 

dynamics of black-tailed deer in this region during the 1990’s.  

Properties of the data relative to male age classes in particular (low sample sizes, high 

censoring rates) decreased precision of these estimates and might have resulted in biased 

estimates. Adult females had consistently sufficient sample sizes over the course of the study to 

generate more precise, reliable estimates of survival, particularly in the latter 3 years of the study; 

these estimates should therefore be viewed with more confidence. Cause-specific mortality rates 



 

should be viewed as minimums due to the high number of unknown mortalities (40% of total) in 

the study population, but they suggest that hunting is the primary source of mortality for adult 

males and predation has the highest impact on seasonal female mortality rates. Given the 

historical nature of these results, my estimates should be used as a baseline and foundation for 

comparison with results from current black-tailed deer research in Oregon. These results have 

raised potential questions regarding harvest levels on male black-tailed deer in addition to 

possible resource constraints affecting both sexes on seasonal ranges, and can therefore focus new 

research to address these concerns.  
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INTRODUCTION 

The use of regulated hunting to manage wildlife populations in North America evolved from 

early 20th century origins into 3 (theoretically) simple approaches that attempt to use harvest to 

either increase, maintain, or decrease wildlife populations (Smith and Coggin 1984). To do this, 

harvest mortality must be less than natural population growth, equal it, or exceed it, respectively; 

thus, lower rates of harvest are used to promote increases in population size, harvest rates that 

equal annual population growth should maintain a population at its present size, and higher rates 

of harvest should reduce population size (Smith and Coggin 1984). These approaches are not 

mutually exclusive for many species given that changes in harvest regulations over time are often 

necessary to maintain stable populations (Bolen and Robinson 2003). In addition, the use of 

harvest to manage populations can be inexact, particularly when there are gaps in our 

understanding of species population dynamics (Connolly 1981b) and/or these dynamics shift over 

time in the face of environmental change (e.g., habitat degradation or loss, climate change, etc.; 

for examples see Anderson et al. 2012 and Post and Forchhammer 2008). A well-known example 

is the case of white-tailed deer (Odocoileus virginianus), which experienced substantial post-

colonial population decline from overexploitation but then exhibited an exceptional rebound due 

to the combined effects of harvest regulation and favorable anthropogenic habitat change 

(Demarais et al. 2000, Bolen and Robinson 2003). Current harvest management of white-tailed 

deer in the Midwest and eastern United States revolves around controlling overabundant 

populations (Connelly et al. 2005), ultimately aiming to balance the substantial economic and 

ecological benefits and costs that have resulted from overpopulation of this species (Demarais et 

al. 2000). The history of white-tailed deer serves as evidence that managing for some 

demographically balanced wildlife populations without harvest can be difficult due to a long 
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history of anthropogenic influence that has resulted in altered, often simplified ecosystems and/or 

changes in trophic connections between species (Bolen and Robinson 2003).  

Natural resource managers strive to develop harvest strategies that will achieve one or 

more population objectives while simultaneously promoting hunter satisfaction through high-

quality hunting opportunities (Carpenter 2000, Bolen and Robinson 2003, Connelly et al. 2005). 

Fundamental components of modern harvest management necessary for successful management 

of wildlife populations include estimation of population size and/or composition, identification of 

population goals, predicted impacts of harvest on population dynamics, and the development of 

harvest regulations to meet these population targets (Strickland et al. 1994). In some situations it 

is not total harvest levels per se that are important, but rather the focus of harvest pressure on 

specific areas to promote redistribution of herds or flocks on the landscape; a particularly 

effective management tool to mitigate animal damage on private lands (Carpenter 2000). 

However, this requires striking a difficult balance between placating the hunting public, which 

may have restricted access to private lands or federal refuge areas where animals move to avoid 

pressure, and satisfying the private landowner experiencing animal damage, while making sure 

animals are available for harvest during the hunting season (Lacey et al. 1993, Carpenter 2000). 

Harvest management can also be geared toward balancing or manipulating the sex and age 

structure of a population (Carpenter 2000), which necessitates careful planning on the part of the 

wildlife manager to avoid unintended or unforeseen consequences on population dynamics. 

The predominant harvest regime for ungulates in the western states is heavily male-

biased with conservative antlerless regulations (Carpenter 2000, Connelly et al. 2005). However, 

over- or under-harvest of male ungulates can contribute to a cascade of consequences for 

population composition and growth due to skewed sex-age ratios; examples include reduced 

female fecundity (Ginsberg and Milner-Gulland 1994), delayed conception dates and lengthening 
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of the rut (i.e., breeding season, Noyes et al. 1996), delayed parturition dates and disrupted birth 

synchrony (Mysterud et al. 2002, Milner et al. 2007) and apparent reductions in recruitment 

(Bishop et al. 2005b, Milner et al. 2007). In addition, overly conservative harvest of female (doe) 

deer in populations that experience the effects of density dependence can negatively impact male 

(buck) growth rates, ultimately resulting in less opportunity for harvest of mature males 

(McCullough 2001). These examples of unstable sex- or age-biased harvest regimes can 

ultimately affect the quantity and quality of hunter opportunities over time.  

The sole establishment and subsequent accomplishment of harvest management 

objectives cannot exclusively maintain healthy ungulate populations without understanding the 

underlying population dynamics and the factors that drive population change. The soundness of 

wildlife management decisions and predictive power diminishes in the absence of information on 

population dynamics and the environmental and behavioral factors that act on them (McNay and 

Voller 1995, Forrester and Wittmer 2013). Estimation of basic vital rates (i.e., fecundity, 

survival) and the factors that influence them, including changes in carrying capacity of landscapes 

due to human development (Bolen and Robinson 2003) and other sources of non-hunting 

mortality (i.e., predation), is crucial for a comprehensive understanding of how factors interact to 

regulate or limit populations (Loison and Langvatn 1998). Ultimately, reliable estimates of sex- 

and age-related survival rates are necessary to accurately predict how harvest levels will affect 

target populations (White and Bartmann 1998, Bender et al. 2004). 

 
Study species 

The mule deer (Odocoileus hemionus) is a wide-ranging western North American cervid that is 

currently differentiated into several subspecies, including the Sitka (Odocoileus hemionus 

sitkensis) and Columbian (Odocoileus hemionus columbianus) black-tailed deer subspecies 

endemic to the greater Pacific Northwest (Geist 1998). The range of the Columbian black-tailed 
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deer encompasses all of western Oregon from the Pacific Ocean to the eastern crest of the 

Cascade Range (Cowan 1956). The Cascade crest is identified as the general boundary that 

separates the range of Columbian black-tailed deer from that of Rocky Mountain mule deer 

(Odocoileus hemionus hemionus), which occur throughout eastern Oregon. Columbian black-

tailed deer play a substantial role in ecosystem structure and function (Kie and Czech 2000). They 

can have a profound effect on vegetation disturbance regimes and nutrient cycling on the 

landscape through the direct and indirect effects of browsing (Cowan 1945, Hobbs 1996). The 

scope of habitat requirements necessary for the Columbian subspecies to complete their life 

history requirements meet the habitat requirements of many other species, making deer effective 

ecological indicators of early and mid-successional forest management (Hanley 1996). Effective 

modern management of Columbian black-tailed deer populations is tied to the long-term 

maintenance of quality habitat in undeveloped landscapes (Kie and Czech 2000). It is also 

fundamentally rooted in the species’ value as a consumptive natural resource managed through 

harvest (Connolly 1981b).  

 
Columbian black-tailed deer management in Oregon 

Columbian black-tailed deer (hereafter referred to as black-tailed deer; not to be confused with 

the Sitka subspecies) are highly valued as an economically, recreationally and culturally 

important big game species in Oregon. Black-tailed deer hunting provides a source of 

considerable annual economic profit on both local community and regional scales (Oregon 

Department of Fish and Wildlife 2008). Studies adjusted for inflation estimated an annual net 

economic benefit of between $34.9 million and $60.1 million dollars in 2007 from black-tailed 

deer hunting alone (Oregon Department of Fish and Wildlife 2008). Conversely, agricultural, 

silvicultural and residential damage constitute a substantial negative impact of black-tailed deer 
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on Oregon’s economy, accounting for an estimated $3.2 million in damages from 2002 to 2006 

(Oregon Department of Fish and Wildlife 2008). 

Oregon Department of Fish and Wildlife (ODFW) biologists manage black-tailed deer 

within Wildlife Management Units (WMUs), which are spatial zones designated in the 1950’s 

(Mace et al. 1995) based on political and geographical boundaries such as county lines, major 

highways and watersheds. Harvest regulations are primarily founded on population data acquired 

through field surveys, hunter harvest and hunter success rates (Oregon Department of Fish and 

Wildlife 2008); a practice not uncommon in big game management (Carpenter 2000). The 

foremost component of the black-tailed deer harvest regime is a general hunting season (i.e., 

unlimited tags) for both archery and centerfire firearms (Oregon Department of Fish and Wildlife 

2008). Currently, general seasons are restricted to male harvest only, and antlerless harvest is 

administered through controlled hunts (i.e., limited tags) that show a pattern of continual decline 

in tag allocation over the past several decades except in areas experiencing significant agricultural 

depredation (Oregon Department of Fish and Wildlife 1994 − 2014). Additional hunting 

opportunities occur through controlled muzzleloader and youth hunts in select WMUs (Oregon 

Department of Fish and Wildlife 2008). 

In addition to providing recreational opportunities for the public and an avenue for 

addressing property damage caused by black-tailed deer, ODFW directs harvest management to 

maintain populations at or near established “benchmark” buck:doe and fawn:doe ratios (Oregon 

Department of Fish and Wildlife 2008). State-conducted population surveys annually estimate 

these indices, which the Department uses to monitor annual and long-term trends in black-tailed 

deer populations over time. Benchmarks are established through the best available information on 

population trend and damage data, and black-tailed deer are managed according to these informal 

population targets primarily due to a lack of accurate annual estimates of population size 
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(compared to the more rigorously established Management Objectives implemented for Rocky 

Mountain mule deer and elk; Oregon Department of Fish and Wildlife 2008). Black-tailed deer 

populations are notoriously difficult to survey and few statistically valid methods exist for 

estimating black-tailed deer abundance and density across the landscape (see Brinkman et al. 

2011 for Sitka black-tailed deer). However, techniques are currently in the development phase for 

widespread implementation in western Oregon. Other vital rates like survival, fecundity or 

recruitment are also difficult to estimate for Columbian black-tailed deer, due in part to the 

densely vegetated habitat that they typically occupy and their secretive behavioral traits (Oregon 

Department of Fish and Wildlife 2008). Therefore, in addition to abundance and density 

estimates, information on vital rates (i.e., survival) and other life history attributes (i.e., 

movement ecology, habitat use) are not currently available to biologists managing Oregon’s 

black-tailed deer populations. 

Black-tailed deer experienced apparent widespread decline in the late 1980’s in Oregon 

(Oregon Department of Fish and Wildlife 2008). This decline was initially identified through 

decreases in hunter harvest, lower hunter success rates and depressed population survey estimates 

(Oregon Department of Fish and Wildlife, unpublished data). Historically, periods of relatively 

high apparent deer numbers corresponded with optimal harvest opportunities and little observed 

apparent impact on population demographics (Oregon Department of Fish and Wildlife 2008). It 

was believed that direct impacts of legal harvest were localized and not responsible for long-term, 

widespread population declines, presumably because of selective hunting pressure on males 

(Oregon Department of Fish and Wildlife 2008). Suspected causes of the apparent black-tailed 

deer population decline in Oregon are believed to be the result of a combination of reduction in 

quality and quantity of habitat, increased predation rates and increased disease rates (Oregon 

Department of Fish and Wildlife 2008). However, isolating a single source of mortality or other 



8 
 

 

barrier to population growth as a limiting factor of deer populations is difficult (Connolly 1981b, 

Kie and Czech 2000, Ballard et al. 2001). In general, confounding of limiting factors occurs 

because they do not operate on an independent basis, and multiple factors usually change the 

dynamics of populations (i.e. birth or death rate) in a parallel fashion (Connolly 1981b). In the 

absence of a valid population estimator, gathering information on vital rates and relative mortality 

rates for black-tailed deer populations is an important first step for making educated short- and 

long-term management decisions to effectively address the decline of black-tailed deer. 

 
Survival and cause-specific mortality in mule and black-tailed deer    

Survival rates are one of the most influential parameters affecting population dynamics (White 

and Garrott 1990, Loison and Langvatn 1998), and are most informative in the context of gender- 

and age-specific variation and in relation to variation in population density and environmental 

conditions (Loison and Langvatn 1998). Relatively little is known about fundamental Columbian 

black-tailed deer biological parameters and population dynamics compared to other Odocoileus 

species (Forrester and Wittmer 2013), due in part to the inherent difficulties in studying them 

(Pamplin 2003, Oregon Department of Fish and Wildlife 2008). Deer populations that exist in 

close proximity can exhibit marked differences in life-history attributes (Dapson et al. 1979). 

Spatial inferential references made from studies of local deer populations may therefore be 

limited due to location-specific differences in population demographics, behavior, and 

environment (Loison and Langvatn 1998). Alternatively, similar responses in some deer 

populations to environmental variation over large geographical areas suggest there can be large-

scale environmental factors that impact spatially distinct populations in similar ways (Unsworth 

et al. 1999). 

Certain facets of Columbian black-tailed deer ecology have been investigated including 

recruitment (Gilbert and Raedeke 2004), movements, home range and/or habitat use 
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(McCullough 1964, Miller 1970, Loft et al. 1984), population dynamics (Hatter and Janz 1994, 

McCullough 2001, Gilbert et al. 2007) and neonatal survival and habitat selection (Bowyer et al. 

1998, Pamplin 2003, McCoy et al. 2014). However, reported estimates of annual survival rates of 

adult male and female black-tailed deer are only available for some regions of Washington 

(McCorquodale 1999, Bender et al. 2004), California (O’Bryan and McCullough 1985, Forrester 

et al. 2015, Marescot et al. 2015) and British Columbia (McNay and Voller 1995). It is important 

to recognize that for unstudied black-tailed deer populations, differences in harvest regulations, 

local weather patterns, habitat conditions, geographical study area characteristics (e.g. studies 

conducted on islands vs. the mainland) and type and density of major predators may be associated 

with detectable variability in vital rates and behavioral strategies. 

Black-tailed deer females appear to have higher annual survival rates compared to males 

(Connolly 1981b, McCorquodale 1999). A weighted mean for adult female annual survival across 

21 studies of mule and black-tailed deer was 0.84 (CV = 0.06), with little explained variation 

accounted for by sample sizes or duration of study (Forrester and Wittmer 2013). Annual survival 

for black-tailed deer females was 0.74 and 0.80 in two Washington studies (McNay and Voller 

1995, McCorquodale 1999), and annual survival rates for three harvested populations of black-

tailed males in Washington were very similar at 0.50, 0.52 and 0.50 (McCorquodale 1999, 

Bender et al. 2004). Based on tooth-age data collected from harvested black-tailed deer in 

Oregon, males rarely survive longer than 9 years, while females can live up to 15 years (Jackson 

2013). Mule and black-tailed deer males have higher annual mortality rates in part due to 

selective harvest through hunting (Connolly 1981a). In addition, diminished body condition in 

mature males after the breeding season decreases chances of survival through winter when forage 

quality is low (Connolly 1981a). In addition to increased activity as adults during the rut 

(Connolly 1981a), young males are also thought to be at greater risk for mortality factors (e.g., 
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disease, starvation, accidents) associated with higher metabolic rates compared to young females 

(Taber and Dasmann 1954). Long-term studies (> 3 years) in regions that experience large annual 

fluctuations in environmental conditions have shown that adult female mule deer exhibit 

markedly less variation in annual survival rates compared to young age classes (Gaillard et al. 

1998, 2000, Unsworth et al. 1999, Forrester and Wittmer 2013, Monteith et al. 2014). 

Mortality factors that affect mule and black-tailed deer include hunting, poaching, 

predation, starvation, disease, and human-influenced or natural accidental death (Kie and Czech 

2000). Documented examples of non-harvest, human-influenced sources of mortality include 

vehicle collisions (Reed 1981), entanglement in barbed-wire fencing (Mackie 1981), and 

drowning in water development structures (Rautenstrauch and Krausman 1989). Natural 

accidents include wounding or antler entanglement that occasionally occur in the course of 

dominance battles during the rut (Anderson 1981). On a small scale, black-tailed deer succumb to 

diseases such as pneumonia, parapoxvirus and fibropapilloma (Oregon Department of Fish and 

Wildlife 2008). Black-tailed deer herds are also afflicted with seasonally variable outbreaks of 

hemorrhagic diseases such as adenoviral hemorrhagic disease (Oregon Department of Fish and 

Wildlife 2008). 

Cause-specific mortality for hunted populations of mule, black-tailed, and white-tailed 

males were similar in several studies, with hunting accounting for 55% to 79% of annual 

mortalities (Bender et al. 2004).  Harvest (legal and illegal) was the leading cause of mortality for 

black-tailed deer in southern Washington (McCorquodale 1999), and harvest was suggested to be 

an additive source of mortality for males when a 60% increase in annual survival rates followed 

the elimination of a late-season hunt (McNay and Voller 1995). A review of the published 

literature detailing survival and cause-specific mortality cited predation as the leading proximate 

cause of mortality for all age classes of mule and black-tailed deer (Forrester and Wittmer 2013). 
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Predation as a primary mortality source was statistically significant overall for females, which 

experienced a wide range of predation mortality relative to other sources (between 22% and 66% 

of total mortality; Forrester and Wittmer 2013). After accounting for harvest, predation can be a 

major factor influencing mule deer male mortality (Bender et al. 2004, Bishop et al. 2005b). 

Cougars (Puma concolor) are identified as major predators of adult deer (Ballard et al. 2001), 

including the leading cause of mortality in adult female mule deer and the second highest 

mortality factor for adult males in northeastern Oregon (Mathews and Coggins 1997). Twelve 

studies that reported adult female black-tailed and mule deer causes of mortality identified 

cougars as the predominant predator (for review see Forrester and Wittmer 2013).    

 
Weather and climate as influential factors on survival 

In addition to food, water, and cover, climate is identified as one of the fundamental limiting 

factors of black-tailed deer distribution (Wallmo 1981). Annual climate patterns have direct 

effects on survival as well as indirect effects through trophic interactions (Mysterud et al. 2008), 

and the interaction of weather and forage production has predictive ability for mule deer 

population trends (Peek et al. 2002). It is suggested that direct effects on deer are secondary in 

importance to the indirect effects of climate on forage production (Connolly 1981b). Potential co-

occurrence of these effects is exemplified by observed reductions in overwinter mule deer fawn 

survival in southwest Idaho, which were correlated with a temporal progression of below-average 

summer precipitation to above-average winter precipitation (Bishop et al. 2005a). A severe winter 

with considerably higher than average snowfall in Washington’s Klickitat Basin resulted in an 

atypical number of malnutrition deaths among adult female black-tailed deer and was associated 

with an 11% decrease in annual survival from average (McCorquodale 1999). Starvation and 

malnutrition resulting from deep and prolonged snowpack was also reported for black-tailed deer 

in western Oregon (Hines 1975). Local weather effects on survival are variable depending on age 
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class in mule and black-tailed deer (Forrester and Wittmer 2013). In drought-susceptible habitats, 

potential direct and indirect effects of climate are stronger in the young age class and the female 

sex class, which can be negatively affected by dry conditions during periods of parturition and 

lactation (Lawrence et al. 2004).  

Compared to local weather variables such as snowfall and precipitation, a broader 

interpretation of observed temporal variations in local environments is afforded through the use 

of indices that track large-scale climate patterns, such as the El Niño Southern Oscillation 

(ENSO) and the North Atlantic Oscillation (NAO; Stenseth et al. 2003). Large-scale climate 

patterns (e.g., the Southern Oscillation Index, a metric for ENSO) have not been linked to 

variability in summer or winter mule deer survival (Forrester and Wittmer 2013). There are 

exceptions, however; for example, population dynamics of mule deer in southern California were 

strongly associated with both ENSO and local rainfall (Marshal et al. 2002). The detection of 

strong associations between large-scale climate patterns and ecological processes of interest 

likely require local weather conditions that are highly variable on an annual basis (e.g. rainfall in 

arid environments; Marshal et al. 2002). Direct observed correlations between local weather and 

regional climate events such as El Niño (Marshal et al. 2002) lend support for climate indices to 

be used as a proxy for primary productivity in some systems. Nutrition and body condition of 

individual ungulates entering winter are directly influenced by forage quality during summer 

months (Cook et al. 2004, 2013, Couturier et al. 2009, Monteith et al. 2014), and fat stores 

accumulated on summer and intermediate ranges play a critical role in overwinter survival (Short 

1981). Nutritional condition additionally has a seasonal carry-over effect, suggesting that 

temporal lags in the response of ungulate life history strategies to nutrition may be as important as 

nutrition within a given season (Monteith et al. 2013).  Thus, the use of regional indices that 
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reflect local variation in rainfall may increase our understanding of annual changes in ungulate 

survival rates. 

The number of mechanisms through which climate variability can affect animal 

populations is considerable (Mysterud et al. 2008), and isolating climate as a factor responsible 

for biological variability in populations is difficult due to the number of non-climatic variables 

(e.g., land use change or invasive species establishment) that may interact with and confound 

climate effects (Parmesan 2005). Nevertheless, the use of annual climatic indices as a proxy for 

resource availability has the ability to provide some insight into possible associations of black-

tailed deer vital rates with their environment. In addition to gaining a more thorough 

understanding of this relationship, the potential exists to provide a general baseline for addressing 

the effects of climate change on Oregon’s deer populations in the future. The current predicted 

trend of climate change in Oregon over the next 35 years will result in warmer, drier summers 

due to reduced annual snowpack in addition to increases in heavy precipitation events (Oregon 

Department of Fish and Wildlife 2012).  By 2040, it is predicted that early spring snowpack in the 

Cascade Mountains will decline by as much as 40 percent (Payne et al. 2004), further stressing 

systems that are limited by water in the summer. Effects experienced by black-tailed deer may 

include adaptations generally predicted for highly mobile animals; in particular, a response to 

long-term shifts in habitat suitability with rapid alterations in home range or spatial and temporal 

migration patterns (Oregon Department of Fish and Wildlife 2012, Parmesan 2005). Due to 

predicted earlier arrival of spring conditions (Oregon Department of Fish and Wildlife 2012), 

black-tailed deer populations could eventually experience the phenomenon of “trophic mismatch” 

already documented in northern ungulate populations, in which the natural temporal correlation 

between reproduction and the period of highest forage quality is disrupted (Post and 

Forchhammer 2008). The role of climate effects on black-tailed deer populations, established 
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through trends in past and present associations with survival rates and other life-history attributes, 

must be taken into consideration to effectively predict both the possibility and magnitude of 

impacts that climate change may have on these populations. 

Black-tailed deer studies are relatively scarce compared to the existing body of literature 

for mule and white-tailed deer. The range of Columbian black-tailed deer spans a diversity of 

habitat types (Cowan 1956, Franklin and Dyrness 1988), underscoring the need for research on 

localized populations that may exhibit differences in life history traits and responses to hunting 

pressure compared to others (Connolly 1981b). Knowledge gaps in regional black-tailed deer 

biology and the detection of an apparent population decline prompted ODFW to instigate a 6-year 

study in Oregon’s southern Cascades in 1994. The aim of the study was to investigate black-tailed 

deer vital rates, causes of mortality and movements with the intent to better inform wildlife 

biologists responsible for the maintenance or restructuring of harvest regulations for these 

populations. The objective of my thesis research was to estimate age- and sex-specific survival 

rates and cause-specific mortality for radio-marked deer from this study to provide historical 

context for newly initiated research and ultimately, current deer management in Oregon.  
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INTRODUCTION 

Effective management for population objectives of wild ungulates at localized scales stresses the 

importance of building a comprehensive knowledge base of demography and life history 

attributes across the variable environmental, spatial, and temporal range of a species (Albon et al. 

1992). Relatively little is known about Columbian black-tailed deer (Odocoileus hemionus 

columbianus; hereafter referred to as black-tailed deer) survival rates and cause-specific mortality 

compared to other Odocoileus species (Forrester and Wittmer 2013), and quantification of these 

life history parameters has received only limited attention for populations occurring in Oregon 

(e.g., Pamplin 2003). Recurring observations of low buck:doe and fawn:doe ratios became a 

concern to Oregon Department of Fish and Wildlife (ODFW) biologists managing black-tailed 

deer in southwestern Oregon in the early 1990’s (D.H. Jackson, Oregon Department of Fish and 

Wildlife, personal communication). The primary response to this issue constituted changes in 

harvest regulations; in particular, reductions in the amount of annual antlerless hunting 

opportunities. However, changes in harvest management did not translate to desired changes in 

observed deer ratios (D.H. Jackson, Oregon Department of Fish and Wildlife, personal 

communication), and the knowledge gap in regional black-tailed deer biology provided an 

impetus for ODFW to initiate a radio-telemetry study in 1994. The main objective of the ODFW 

South Cascades Black-Tailed Deer Study (SCBTD Study) was to collect behavioral and life 

history data on black-tailed deer, including estimation of survival rates, cause-specific mortality 

and movement patterns.  Accomplishing this objective would contribute to the goal of verifying 

the efficacy of different (primarily harvest related) management strategies in the region. 

Establishment of an understanding of relative life history traits for black-tailed deer sex and age 

classes would be a first step in teasing apart complex interactions between observed vital rates 

and mortality sources with rates of harvest. Acquisition of this type of information additionally 
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holds potential to inform biologists currently managing Oregon’s black-tailed deer populations by 

providing a basis of comparison for an ongoing radio-telemetry study taking place in some of the 

same geographical areas in southwest Oregon. The present study, which utilizes GPS technology 

to gather fine-scale spatiotemporal information on habitat use, home range and migratory 

patterns, is designed to determine current vital rates and primary sources of mortality for black-

tailed deer. Estimated survival and cause-specific mortality rates from the 1990’s SCBTD Study 

can therefore provide a historical baseline for comparison to the results of this current research 

effort. 

In addition to gender- and age-specific variation, the consideration of environmental 

conditions constitutes one of the most informative factors influencing survival rates (Loison and 

Langvatn 1998). The use of indices that track large-scale climate patterns offer the potential for a 

broad interpretation of observed temporal variations in local environments (Stenseth et al. 2003). 

The Palmer Drought Severity Index (PDSI) is a widely-used measure of local long-term drought 

intensity, calculated as a standardized index of abnormally wet or dry conditions based on 

measures of past and current weather patterns (Palmer 1965). The index has been used in focused 

investigations of drought-related climate influence on ungulate survival (Wakelin 2001, 

Lawrence et al. 2004, Brown et al. 2006). Although a noted limitation of the PDSI lies in its 

primary application for semiarid environments (Heim 2002), it has been utilized as a proxy for 

primary productivity (and therefore prey availability) in studies of northern spotted owl 

reproductive success and survival in regions of the Pacific Northwest including the Oregon Coast 

Range and Southern Oregon Cascades (Glenn et al. 2011a, b).  The Southern Oscillation Index 

(SOI) and Pacific Decadal Oscillation (PDO) are region-wide climate indices that reflect warm 

and cool climate patterns in 6-18 month and 20-30 year phases, respectively. Specific to the 

Pacific Northwest, positive SOI values associated with la Niña signal colder winters with higher 
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precipitation, whereas negative values associated with El Niño signal warmer, drier winters 

(University of Washington 2009). Conversely, patterns of winter air temperature and  

precipitation in the Pacific Northwest manifest in positive PDO values associated with higher 

temperatures and lower rainfall, and negative values associated with cooler temperatures and 

lower rainfall (Mantua et al. 1997). Concerning mule (Odocoileus hemionus hemionus) and 

black-tailed deer, the indirect effects of climate on forage production (as influenced by winter and 

spring precipitation) may be more important to survival than direct effects (Connolly 1981b), and 

consideration of climate indices in both a temporally specific and lagged context is warranted. 

The objectives of my research were to estimate survival and cause-specific mortality rates 

from the SCBTD Study conducted by ODFW during the 1990’s, while also investigating the 

biological and environmental factors associated with variation in survival of radio-marked black-

tailed deer. I evaluated the effects of sex, age, year, season and large-scale climate patterns on 

deer survival. In addition to reporting proportions of proximate mortality sources for sex-age 

classes of marked black-tailed deer, I estimated cause-specific mortality rates to compare relative 

competing risk functions for major sources of mortality. 

  
STUDY AREA 

This study was conducted in the Cascade Mountain Range of southwestern Oregon (Figure 1), 

and encompassed approximately 12,595 km2 with elevations that ranged from 119 m in the 

Umpqua Valley to 2,891 m at the summit of Mount McLoughlin. The study area (Figure 2) is 

bound by Interstate 5 to the west, the Lane County/Douglas County line to the north, the crest of 

the Cascades to the east and the Oregon-California state line to the south (excepting an 

approximately 9 km2 area of winter range in California extending 4 km south of the 

Oregon/California border that included 6 capture location sites; Figure 3).  
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Most deer captures for this study occurred in the Umpqua and Rogue River National 

forests administered by the United States Department of Agriculture Forest Service, as well as 

lands administered by the United States Department of the Interior Bureau of Land Management. 

A small number of captures occurred on privately owned land in the western half of the study 

area. Data collection encompassed areas under the management jurisdiction of two adjacent 

ODFW Watershed Districts, the borders of which are specified by the agency and comprise all or 

part of several Wildlife Management Units (WMUs). WMUs are the primary spatial units in 

which harvest regulations are designated; boundaries are based on easily recognizable political 

and geographical boundaries such as county lines, major highways and watersheds. Deer captures 

occurred within the Dixon and Rogue WMU’s and portions of the Indigo, Evans Creek and Keno 

WMU’s (Figure 2). Geographically oriented north to south, deer were captured in portions of the 

North Umpqua watershed, the South Umpqua watershed, the Rogue watershed, and tributaries of 

the Rogue River east/southeast of Central point (Figure 3). The North Umpqua and South 

Umpqua capture areas represent deer populations managed by the Umpqua Watershed District 

based in Roseburg; the Rogue River and Rogue River tributary capture areas represent deer 

populations managed by the Rogue Watershed District based in Central Point. 

A majority of the study area lies within the Western Cascades physiographic province; a 

region characterized by rugged mountains in the eastern extent that give way to more moderately-

sloped terrain in the west (Franklin and Dyrness 1988). In general, the province constitutes a 

latitudinal gradient of increasingly drier, warmer climate from north to south (Franklin and 

Dyrness 1988), and associated changes in plant community distribution and composition 

(Ohmann and Spies 1998). Average elevation within this region is 1,500 m. Mid-elevations 

(750−1,400 m) are located within the mixed-conifer vegetative zone, where grand fir (Abies 

grandis) is the major climax species (Franklin and Dyrness 1988). Other prominent tree species 
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include Douglas fir (Pseudotsuga menziesii), sugar pine (Pinus lambertiana), ponderosa pine 

(Pinus ponderosa) and California incense cedar (Calocedrus decurrens); Douglas fir is the most 

abundant tree species but decreases from north to south as Pinus species occurrence increases. A 

characteristic feature of mixed-conifer forests is the “gap phase” structure, in which small 

openings within mature stands create favorable conditions for early seral plant species. Larger 

scale disturbances, such as those created by fire or logging, often regenerate as brush 

communities dominated by Ceanothus species. Understory vegetation in the mixed-conifer zone 

is diverse in both species and extent of coverage, and includes giant chinkapin (Castanopsis 

chrysophylla), western hazelnut (Corylus cornuta californica), Pacific yew (Taxus brevifola), 

vine maple (Acer circinatum) and salal (Gaultheria shallon). Higher elevations (1,400−1,600 m) 

are cooler, though not necessarily wetter, than the mixed-conifer zone and increasingly dominated 

by white fir (Abies concolor) and Shasta red fir (Abies magnifica shastensis) communities 

(Franklin and Dyrness 1988). Low elevations (< 750 m), located at the western edge of the 

Cascade Range (Rogue River and Umpqua valleys), exhibit the warmest and driest conditions and 

consist of a mosaic of oak (Quercus) woodlands and coniferous forests as well as grasslands, 

chaparral and riparian communities. 

Monthly temperatures near the northern boundary of the study area for 1971 – 2000 

averaged 2.0°C in January and 19.7°C in July (Toketee Falls National Weather Service 

Cooperative Observer (COOP) station, elevation 628 m; Oregon Climatic Service 2013). Average 

annual precipitation was 124.1 cm, and average annual snowfall was 87.9 cm. Data from the 

same time period indicate that monthly temperatures near the southern boundary of the study area 

(Howard Prairie Dam COOP station, elevation 1,393 m) averaged -1.6°C in January and 16.8°C 

in July; average annual precipitation was 82.7 cm and average annual snowfall was 339.5 cm 

(Oregon Climatic Service 2013). 
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METHODS 

Radio-marking and data collection 

Oregon Department of Fish and Wildlife research personnel captured black-tailed deer from 

March 1994 through September 1999. Capture protocols specified selective radio-marking in 

order to distribute collars evenly between sex and age classes across the study area. Collapsible 

Clover traps (McCullough 1975) were the primary capture method, baited with alfalfa during 

winter months and salt during late spring and summer. Chemical immobilization methods 

included the use of Palmer cartridge-fire rifles (Cap-Chur, Powder Springs, GA) and 2cc 

pneudarts (Pneu-Dart, Inc., Williamsport, PA) to deliver an intra-muscular injection of 4.4mg/kg 

Telazol (Zoetis Inc., Florham Park, NJ) and 2.2mg/kg Xylazine (Kreeger 1996). Deer were darted 

after being located with spotlights from vehicles at night, or from stationary blinds set up near 

bait and/or water sources. Helicopter drive-netting was also used for some captures (Beasom et al. 

1980), and these operations occurred February through March 1994, 1995 and 1996 in the 

southern half of the study area.  

 Captured deer were physically restrained, assigned a unique identification number and 

both ears were marked with colored, uniquely numbered Rototags (Nasco, Modesto, CA). Age 

class was determined through examination of tooth growth and wear (Robinette et al. 1957). Deer 

were classified as male or female fawns (< 1 year old), yearlings (1−2 years old) or adults (> 2 

years old) and all age and sex classes were fitted with Model MOD-500 Very High Frequency 

(VHF) transmitters with motion-sensitive mortality sensors (Telonics, Inc., Mesa, AZ). Radio 

transmitters for females were mounted on butyl collars, and transmitters for males were mounted 

on expandable Kydex collars (Keister et al. 1988) to account for physiological changes in the 

neck that occur during the rut. Radio-collars transmitted in “live” mode at a pulse rate of 60 beats 
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per minute (bpm) and switched to a 120 bpm “mortality” mode if the collar remained motionless 

for 4 hours. 

 Radio-collared deer were monitored a minimum of 1 time per month during winter 

months and migration periods and as frequently as weekly throughout the rest of the year, 

although monitoring frequency varied widely by individual due to temporal and logistic 

constraints. Ground-based signal checks (live/dead status) were conducted using TR-2, TR-4, and 

TR-5 radio-telemetry receivers, vehicle-mounted omnidirectional antennas and hand-held RA-

2AK Adcock “H-type” and RA-23K “flexible H-type” antennas (Telonics, Inc., Mesa, AZ). 

Aerial monitoring was usually required during winter and migration periods because snow and 

deer movements either prohibited or reduced the efficiency of ground-based monitoring methods. 

Fixed-wing aircraft flights occurred 1−5 times per month using strut-mounted directional 

antennas (Gilmer 1981). Location coordinates were estimated for radio-collared deer an average 

of once every 1−3 months using ground-based triangulation or aerial techniques (Gilmer 1981, 

White and Garrott 1990), and the DOS-based program LOCATE (Pacer Computing, 

Tatamagouche, NS, Canada) was used to generate error polygons for location estimates made by 

triangulation. Recovery of radio-collars transmitting in “mortality” mode occurred within 48 

hours of detection unless travel conditions prevented immediate recovery. 

Cause of mortality was assigned to dead deer though examinations of carcass condition, 

field necropsies, and evidence surrounding the mortality site (e.g. condition and removal of the 

collar, tracks, blood, scat and signs of a struggle). To account for uncertainty, mortalities were 

classified into “conservative” and “suspected” categories based on the quantity and quality of 

available evidence. Conservative causes of mortality were those known with 100% certainty, 

based on irrefutable evidence as to the cause of death. Suspected causes were recorded when the 

evidence was suggestive but could not be considered conclusive. For example, if the collar of a 



23 
 

 

legal male (i.e., defined within regulations to be permitted for harvest within the given hunting 

season) was not recovered until one week after the close of rifle season, the presence of bullet-

induced wounds on the deer hide combined with evidence of systematic field dressing indicate 

‘unknown harvest’ as the conservative cause of mortality. Because it cannot be established 

whether the kill actually occurred during the legal season, ‘legal harvest’ can only be recorded as 

the suspected cause. When the condition of the carcass, lack of physical evidence, or inability to 

find the carcass made a determination of cause of death impossible, the mortality was classified 

as “cause unknown”. 

Using the radio-collared deer data collected as outlined above, I estimated survival rates 

using known-fate survival models (Kaplan and Meier 1958, White and Burnham 1999) and 

calculated cause-specific mortality (CSM) rates using the nonparametric cumulative incidence 

function estimator (NPCIFE; Heisey and Patterson 2006). The practicality of using these 

independent analyses to estimate survival and CSM parameters lies in the associated, yet distinct 

data attributes that they measure: known-fate analysis examines sources of variation in rates of 

survival, while NPCIFE modeling informs on the relative risks of factors that contribute to 

mortality (Blomberg et al. 2013).   

 
Survival analysis 

Of the several approaches to modeling survival rates of marked animals, known-fate models are 

appropriate when detection probability is 1.0 ; therefore, they are widely used in radio-marking 

studies where the fate of marked individuals is identified at the beginning and end of each 

survival interval (White and Burnham 1999). Known-fate models allow for censoring of animals 

that die, emigrate from the study area or experience transmitter failure, and accommodate 

staggered entry of individuals into the sample (Kaplan and Meier 1958, Pollock et al. 1989). To 

avoid poor precision in survival estimates, the number of marked individuals at any given time 
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interval should be ≥ 20 (Pollock et al. 1989). This extends to any sub-grouping of marked 

animals; e.g., if survival estimates are generated for males and females, each sex class should 

have at least 20 individuals in the sample at any point in time. For long-lived species such as deer, 

estimating survival rates on small temporal scales (e.g., weekly) is not necessarily biologically 

relevant (with the exception of fawn studies, for example, where mortality in the first several 

weeks of life is high; Cook et al. 1971, Nelson and Woolf 1987, Pamplin 2003, Kilgo et al. 2012, 

2014). However, weekly or monthly survival rates are useful for investigating relationships 

between survival and temporally variable environmental conditions, and can be used to derive 

estimates for longer time scales of interest (e.g., hunting seasons or migration periods spanning 

several weeks). Despite the sizeable total number of deer marked throughout the duration of the 

Southwest Oregon Black-tailed Deer Study, the data presented two challenges in determining an 

appropriate survival interval length. First, for each time period I needed to achieve minimum 

sample sizes for not only males and females, but males and females within 3 separate age classes 

(6 total sub-groupings of deer). Second, the timespan between signal checks (i.e. sampling 

occasions) varied among and within individual monitoring histories; therefore, it was difficult to 

establish standard sampling occasions on reasonably small temporal scales in which the fate of all 

marked deer were known exactly. To strike a balance between intervals with sample sizes as large 

as possible to increase precision and yet were still temporally informative, I chose to split the 

study into 6 “winter” and 6 “summer” survival intervals, reflecting biologically relevant stages in 

a deer’s annual life cycle. 

Winter and summer intervals lasted from 12 Nov − 31 May and 1 Jun − 11 Nov, 

respectively, spanning the time period from the first capture event on 20 Mar, 1994 to the 

conclusion of the study on 30 Jun, 2000. These intervals encompassed the majority of time deer 

were on winter vs. summer ranges. I used known-fate models implemented in Program MARK 
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(White and Burnham 1999) to estimate black-tailed deer survival rates S(t) for two seasons per 

year across the 6 years of the study, resulting in 12 seasonal survival intervals. To facilitate 

annual age turnover at the time of year that black-tailed deer give birth (Anderson 1981, Pamplin 

2003), I considered “biological” year (1 Jun − 31 May) rather than calendar year (Pac and White 

2007) as a relevant annual unit of measure. I selected the months of May and October as the 

beginning and end of each season, during which deer status was determined. Marked deer entered 

the sample during the first May or October sampling occasion at which their fate was known 

following capture. Right-censoring occurred for deer that lost their collar, experienced transmitter 

failure or permanent signal loss (e.g., deer “disappears” between monitoring occasions and is 

never found again), beginning with the first interval in which their fate became unknown. I 

excluded deer from analysis that lost their collar, experienced collar failure, permanent signal loss 

or died within the first 14-day period following capture. This follows common protocol for 

studies involving physical capture (Nelson and Mech 1984, McNay and Voller 1995, Bender et 

al. 2004), whereby marked deer enter the “at risk” population a set number of days following 

capture to account for capture-related mortality (e.g., capture myopathy, adverse reactions to 

drugs or behavioral changes that make the animal more susceptible to mortality events such as 

predation). To estimate winter survival rates independent of the effects of hunting, hunting 

mortality was included in the summer season and an additional 11 days were added onto the 

October sampling occasion to accommodate the range of annual closing dates for the general 

Cascade rifle season. Two legal mortalities from the November muzzleloader season fell within 

winter survival rate estimations, but these constituted a very small proportion of overall known 

legal harvest mortality compared to numbers from the October general Cascades rifle season (n = 

29). I took the product of winter and summer survival rates within “biological” years to estimate 
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annual survival and calculated variance estimates using a 1st-order Taylor expansion (i.e., the 

Delta method; Powell 2007, Appendix B, Cooch and White 2015). 

 
Model selection and interpretation 

Starting with a preliminary a priori  model set I used a sequential modeling approach to advance 

competitive models to successive stages of analysis rather than the generation of a model set 

containing all possible combinations of all covariates of interest (Doherty et al. 2010). I chose this 

stage-based method of model building to reduce my overall model set and to avoid creating many 

models with uninformative parameters (Arnold 2010), while still retaining the ability to detect 

weaker, but potentially biologically important effects. Initially I determined the best temporal 

structure on survival rates, including the potential effect of annual variation. At each subsequent 

stage I incorporated a new suite of a priori models representing an individual or population-level 

covariate (sex, age, climate; see Covariates and Predicted Effects on Survival Rates). I retained 

the intercept-only model (null hypothesis of constant survival over time) and the most general 

model that reflected different estimates for each season/year interval for comparison at each 

modeling stage. I used an information-theoretic approach to evaluate models using the Akaike 

Information Criterion adjusted for small sample sizes (AICc; Hurvich and Tsai 1989, Sugiura 

1978), and considered models with ∆AICc values < 2 to have substantial support to be 

competitive with the top-ranked model in terms of best describing the data (Burnham and 

Anderson 2002). I also examined evidence ratios (the ratio of AICc weight between two models) 

to assess relative model likelihood. I disregarded models within 2 AICc that contained only 1 

additional parameter and had a deviance approximating that of the top model (i.e., “uninformative 

parameters”; Arnold 2010). 
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I evaluated the direction and effect size of covariates from the best-supported models 

(i.e., within 2 AICc) through examination of beta (�̂�) estimates and associated 95% confidence 

intervals (CIs). I interpreted the strength of effects according to whether the 95% CIs on 

coefficients overlapped zero, with non-overlap of zero suggestive of strong effects on survival 

rates.  

 
Covariates and predicted effects on survival 

I evaluated the effects of time, age, sex, and regional climate covariates on black-tailed deer 

survival rates and developed an a priori model set to test predictions based on previous black-

tailed deer and mule deer research. 

Time– In addition to the fully time dependent model reflecting a year by season 

interaction, I explored several temporal constraints on the data based on the prediction that 

survival probability of radio-marked black-tailed deer would exhibit temporal variation among 

seasons reflective of different energetic constraints, food resources, habitat use (winter vs. 

summer), and for males the hunting season (Nelson and Mech 1986). Given the long-term nature 

of this study, I investigated annual variation in survival and therefore tested for annual and 

seasonal main effects, and also the additive effects of both season and year. I also tested for a 

linear time effect on annual variation of each season and across years with no seasonal effect, and 

the model with constant survival across years and seasons was included for comparison.   

Age– Because the previous researchers classified deer as adults at ≥ 2 years of age, I 

could not incorporate exact age as a continuous individual covariate. However, I knew the age of 

individuals captured as fawns or yearlings with certainty. I therefore classified deer into one of 

four categories at capture: fawn, yearling, 2-year-old (extrapolated from known-aged deer), and 

adult. Individuals transitioned in age class at each May sampling occasion (providing they 
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survived) until they became adults; at this point they retained adult status until death, censoring or 

survival to the end of the study (Melis et al. 2013). All fawn captures occurred between October 

and May, at which point they were reclassified as yearlings when they officially entered the 

sample. Consequentially, no deer entered the seasonal sample as fawns, so I investigated age-

effects relative to 3 age classes: yearlings, 2-year olds, and adults. Given the difficulties of 

exactly aging deer caught as 2-year olds or older, the adult class potentially contained some 

unknown number of 2-year-olds; for this reason, the 2-year-old age class based on known-aged 

deer likely did not include all the 2-year-old deer in my sample. To determine whether the inexact 

aging of deer caught as adults detracted from my ability to determine age-related survival 

differences, I ran an identical analysis that excluded deer classified as adults at capture to 

determine whether patterns in age-specific survival rates based on only known-age deer (those 

captured as fawns or yearlings) changed compared to estimates from the entire dataset. I found 

negligible differences in my estimates, so to maximize sample size I proceeded with the analysis 

using all available individuals, including those captured as adults. Because of the inclusion of an 

adult category with an unknown age distribution, it was difficult to make predictions about the 

effect of age on survival. Senescence is strongly associated with decreased survival in female 

black-tailed deer (Marescot et al. 2015), and high, stable survival rates are typical of prime-aged 

mule and black-tailed females (Forrester and Wittmer 2013). Therefore, different outcomes from 

the survival analysis were possible given different proportions of ages in the adult female age 

class. The same principle governing hypotheses about adult female survival relative to other 

female age classes also applies to males. Mature males are subject to more substantial biological 

stressors compared to younger ones, due in large part to energy expenditures that occur during 

and after the rut (Robinette 1966, Geist 1981, Long et al. 2013); therefore, survival rates may be 

affected by relative proportions of true ages in the adult age class. Yearlings are generally 
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believed to be more susceptible to predation, other natural sources of mortality, and accidents 

(including anthropogenic-caused) compared to older individuals (Gaillard et al. 2000, Pac and 

White 2007). However, documented evidence of hunter preference for older males in the 

presence of legal yearling (i.e., visible antler) harvest regulations (Pac and White 2007), in 

addition to the 1990’s general harvest restriction in Oregon of at least one forked antler, led me to 

hypothesize that yearling males might have higher survival compared to 2-year-olds and adults 

(antler growth and bifurcation is partially dependent on nutrition, but in general a large 

percentage of yearlings are “spikes” during their first year; Anderson 1981). Thus, I did not have 

many specific predictions regarding the effect of age on survival, but considered that consistent 

(additive) effects of age on both sexes or different effects relative to sex (an interaction) could be 

possible.       

Sex– Gender was modeled as an individual covariate on survival rates and I predicted 

higher overall survival rates for females compared to males because of male-biased harvest 

management and differences in behavior between the sexes (Taber and Dasmann 1954; Connolly 

1981a, b; Nelson and Mech 1986; McCorquodale 1999).  

Regional Climate– I  predicted that large-scale climate (measured by 3 indices) would 

have both direct and temporally lagged effects on survival probabilities, with warmer, drier 

winters (negative SOI values, positive PDO values) having positive direct effects on survival 

rates and colder, wetter winters (positive SOI values, negative PDO values) having negative 

direct effects on survival (Connolly 1981b, Kie and Czech 2000). Using PDSI as a proxy for 

primary productivity (Glenn et al. 2011b), I predicted that a seasonal lag following wetter winters 

could positively influence survival due to earlier spring vegetation emergence (Connolly 1981b). 

Following this, a 1-year lag could also positively affect survival because higher-quality and 

duration of spring and summer forage resulting from a wet winter promotes improved body 
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condition going into the following winter (or vice versa; Mech et al. 1987).  To test these 

predictions I measured the effects of 3 climatic variables (PDSI, SOI and PDO), each operating 

on different spatial and temporal scales, as time-dependent covariates to determine whether these 

factors better predicted temporal variation in the data. I used monthly data for Oregon Climate 

Division 3 to calculate an averaged PDSI value (National Oceanic and Atmospheric 

Administration 2015a) and averaged SOI and PDO values (National Oceanic and Atmospheric 

Administration 2015b, University of Washington 2015) for each of the 12 seasonal survival 

intervals. In addition to using index averages corresponding directly to the temporal duration of 

each survival interval, I tested for indirect effects of large-scale climate patterns on survival by 

lagging values by one season for PDSI and one year for PDSI, SOI, and PDO. 

 
Cause-specific mortality analysis 

Because of the male-biased hunting regulations in effect during this time period, I expected 

hunting to be a primary source of mortality for 2+ aged males; with yearlings experiencing the 

lowest hunting mortality due to the harvest restriction of one forked antler or better. I predicted 

that predation would be the greatest proximate cause of mortality for black-tailed females of all 

age classes (McNay and Voller 1995, Forrester and Wittmer 2013), be highest in winter (Nelson 

and Mech 1986), and that cougars (Puma concolor) would be the primary predator (Matthews 

and Coggins 1997, Bleich and Taylor 1998, Lawrence et al. 2004, Forrester and Wittmer 2013).  

I used the nonparametric cumulative incidence function estimator (NPCIFE; Heisey and 

Patterson 2006) to generate rates of annual and seasonal cause-specific mortality rates Mk(t) using 

the wild1 package (Sargeant 2011) in Program R (R Version 3.1, www.r-project.org, accessed 12 

Nov 2014).  As with the known-fate survival analysis, I used a staggered-entry approach because 

deer entered the study at different times (Heisey and Fuller 1985, Heisey and Patterson 2006). 

The NPCIFE uses a competing risks framework to estimate both daily and cumulative risk (total 

http://www.r-project.org/
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risk across a specified time period) of mortality as a cumulative incidence function (CIF) from 

different sources, taking into account that mortality attributed to a given source precludes 

mortality attributed to other sources (i.e., assignments of cause-specific mortality are mutually 

exclusive). I pooled factors to achieve sufficient sample sizes (Monteith et al. 2014) for 4 

competing risks: harvest (legal, illegal and unknown legality), predation (cougar, bobcat [Lynx 

rufus] and unknown), natural/anthropogenic sources (roadkill, disease and other natural), and 

unknown cause. The  inclusion of deer that die due to an “unknown” cause can be misleading 

because the category is representative of several sources of mortality rather than a distinct one 

(Bishop et al. 2009). There is also the potential for an “unknown” category to skew the 

distribution of known competing risks. However, excluding deer that died due to an unknown 

cause of death can bias survival and risk functions upward when they represent a substantial 

portion of the total sample, so I chose to include it as a separate 4th category in the CSM analysis. 

To avoid the inherent uncertainty associated with “suspected” causes of mortality, I only included 

deer with documented “conservative” known causes in my analysis. I pooled annual and seasonal 

risk functions across all years of the study to moderate adverse effects from the early portion of 

the study when the risk set (i.e. sample size of marked deer) was lowest, which minimized 

variance inflation even as the risk set increased over time (Pollock et al. 1989, Heisey and 

Patterson 2006). To estimate seasonal CSM rates, I partitioned the year into three discrete time 

periods and subdivided the data to include only exposure days falling within each time period of 

interest (Heisey and Patterson 2006). I defined seasons as summer (1 Jun − 27 Sep), hunting (28 

Sep − 11 Nov) and winter (12 Nov − 31 May). The hunting season designation coincided with the 

annually variable opening and closing dates of the black-tailed deer general Cascade rifle season. 

A small number of legal hunting mortality (e.g. archery and  muzzleloader; n = 3), illegal harvest 

and harvest of unknown legality (n = 9) occurred outside of this window, but I chose to focus my 
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analysis on the time period during which black-tailed deer undergo the highest amount of hunting 

pressure. Because harvest primarily affected males, I compared annual and seasonal cumulative 

incidence functions for males and females, pooling age classes to increase sample size. I also 

generated hunting season CIFs for 3 male age classes: yearlings, 2-year-old and adults. 

I evaluated whether differences existed in CIF estimates for the three mortality risks by 

assessing 95% CI overlap of my estimates. Due to the temporal restrictions of the monitoring data 

for the known-fate subset, the cause-specific mortality (CSM) analysis represents a larger subset 

with a different composition of marked deer relative to the known-fate survival analysis. In 

addition, the NPCIFE is calculated on the scale of daily intervals (Heisey and Patterson 2006), 

and was therefore not directly comparable to seasonal survival rates from the known-fate 

estimates (e.g. Blomberg et al. 2013). However, I assumed both subsets of data where 

characteristic of the entire radio-marked population.  

 
RESULTS 

Capture, radio-marking, and monitoring 

A total of 420 black-tailed deer were captured and radio-marked between March 1994 and 

September 2000 (see Figure 3 for distribution of captures across study area). A total of 353, 46, 

and 21 deer were captured through the use of clover traps, chemical immobilization methods and 

drive-net operations, respectively. Captures by sex and age class include 200 males (fawn: n = 58; 

yearling: n = 80; adult: n = 62) and 220 females (fawn: n = 61; yearling: n = 94; adult: n = 65). A 

total of 21 deer lost their radio-collars (n = 2), experienced collar malfunction or permanent signal 

loss (n = 6) or died (n = 13) within the 14-day time period between capture and entry into the “at 

risk” sample population, and were therefore excluded from the analysis.  
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Survival models and estimates 

Two hundred ninety-three marked deer (males: n = 132; females: n = 161) met the data 

requirements for inclusion in the known-fate survival analysis. The 128 deer excluded from 

analysis were either censored before the 14-day post-capture period or were not monitored 

frequently enough for me to construct known fate encounter histories at the biannual (i.e., 

seasonal) temporal scale. Based on age at time of entry into the sample used for the survival 

analysis, 69 males entered the sample as yearlings, 20 as 2-year-olds and 43 as adults of unknown 

age. Eighty-nine females entered the sample as yearlings, 23 as 2-year-olds and 43 as adults of 

unknown age. The number of 2-year-olds in this sample reflects the number of known-age deer 

(i.e., fawn or yearling at capture) that survived from a younger age class. Individuals that entered 

the sample specifically as 2-year-olds are generally winter captures that transitioned in age class 

when they entered the sample during the subsequent summer interval. 

Black-tailed deer survival rates (S) were best modeled by a constant effect of winter 

season across all years, annual variation in the effect of summer season, and an interaction 

between sex and age [S(W, Smr*Yr + sex*age); Table 1]. There were no other competitive 

models (i.e., < 2 AICc; Table 1). The best-approximating model was ~4 times as likely as the 

second-ranked model [S(W, Smr + sex*age)], which was similar but did not include the 

interaction between summer season and year. The best model was ~5.5 times more likely than the 

third-ranked model [S(W, Smr*Yr + sex+ age)], which only included the additive effects of sex 

and age. Based on the best model, survival had a strong positive relationship to winter season 

(�̂�winter = 0.84, 95% CI = 0.23 to 1.46; Table 2), but the direction and magnitude of summer 

season effects were variable by year (�̂�summer = -0.81to 1.02). Only model covariates for summer 

season in 1997 and 1999 had 95% CIs that did not overlap zero, suggesting a strong positive 

effect of these two years on summer survival for black-tailed deer relative to summer in other 
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years (Table 2). There was also a strong sex-age interaction effect on seasonal survival (�̂�sex*age = 

0.65, 95% CI = 0.10−1.19), indicating that as yearlings, males were more likely to survive 

compared to females, but by the time they reach 2 years of age, male survival is much lower than 

for females and the differential survival by sex continues through the adult age class (Table 2).  

 Estimates of winter survival varied from a high of 0.86 (95% CI = 0.77−0.92) for 

yearling males to a low of 0.61 (95% CI = 0.49−0.72) for adult males (Table 3, Figure 4), with 

estimates for females of all age classes similar to the high winter survival rates for yearling males 

(Table 3, Figure 5). Estimates of summer survival for males ranged from 0.54 − 0.88 (�̅� = 0.71, 

SE = 0.047) for yearlings, 0.37−0.79 (�̅� =0.56, SE = 0.059) for 2-year-olds, and 0.23−0.65 (�̅� = 

0.40, SE = 0.060) for adults (Table 3). Estimates of summer survival for females ranged from 

0.54−0.88 (�̅� =0.71, SE = 0.048) for yearlings, 0.53−0.87 (�̅� =0.70, SE = 0.049) for 2-year-olds, 

and 0.51−0.87 (�̅� = 0.69, SE = 0.050) for adults (Table 3). 

 Annual survival rates for each sex-age class were calculated as the product of the summer 

and winter seasonal rates associated with a biological year and a 1st order Taylor expansion (i.e., 

the Delta method; Appendix B, Cooch and White 2015) was used to estimate standard errors 

(e.g., annual survival in 1994 = summer 1994*winter 1995, annual survival in 1995 = summer 

1995*winter 1996, etc.). For males, annual survival rates ranged from 0.47−0.76 (�̅� = 0.61, SE = 

0.041) for yearlings, 0.29−0.60 (�̅� = 0.43, SE = 0.045) for 2-year olds, and 0.14−0.40 (�̅� = 0.25, 

SE = 0.037) for adults (Table 4, Figure 6). For females, annual survival rates ranged from 

0.47−0.76 (�̅� = 0.61, SE = 0.042) for yearlings, 0.46−0.75 (�̅� = 0.60, SE = 0.042) for 2-year-

olds, and 0.44−0.74 (�̅� = 0.59, SE = 0.043) for adults (Table 4, Figure 7). Survival rate estimates 

for males and females are plotted with 95% confidence intervals (Figure 6, Figure 7). 
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Cause-specific mortality rates 

The ODFW research staff was able to determine a definitive cause of mortality for 112 of 188 

black-tailed deer (60%; 63 males, 49 females), with the deaths of 76 other deer (40%; 37 males, 

39 females) categorized as unknown. I estimated seasonal and total cause-specific mortality for 

each sex-age class relative to the following sources: harvest, predation, roadkill, disease and other 

natural causes, and unknown (Table 5). Harvest (legal, n = 32; illegal, n = 6; unknown legality, n 

= 17) was the primary source of known mortality for all deer (49%; Table 5), with predation 

(34%, n = 38) the secondary source of known mortality. Cougars accounted for 67% of all 

confirmed predation mortalities (n = 25), bobcats accounted for 14% (n = 5), and remaining 

deaths (19%) were attributed to unknown predator (n = 7). Roadkill (10%, n = 11), confirmed 

disease (3%, n = 3) and other natural causes (4%, n = 5), accounted for the remaining known 

mortality sources (Table 5). 

 Hunting was the major single source of mortality for male black-tailed deer (except 

fawns), with legal harvest accounting for 68% of 2-year-old known mortalities (n = 15) and 43% 

of adult known mortalities (n = 12; Table 5). Including harvest of unknown legality, these 

proportions increase to 86% (n = 19) and 64% (n = 18) for 2-year-olds and adults, respectively. 

Legal harvest comprised 30% of yearling male mortality (n = 3). One yearling and 2 adult males 

were confirmed illegal kills. Seven percent of all female mortality was from legal harvest (n = 2), 

which increases to 25% when combined with harvest of unknown legality (n = 7; Table 5). One 

2-year-old and 2 adult females were confirmed illegal kills. Predation was the only source of 

mortality for male fawns (n = 2); among other male age classes the proportion of predation was 

highest for yearlings at 30% (n = 3), compared to 9% for 2-year-olds (n = 2) and 21% for adults 

(n = 6; Table 5). Predation was the primary single mortality source for all age classes of females, 

comprising 100% of fawn mortality (n = 4), 71% of yearling mortality (n = 5), 60% of 2-year-old 
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mortality (n = 6) and (34%) of adult mortality (n = 10; Table 5). Adult females experienced the 

most roadkill incidents of any sex-age class (n = 5). 

 I generated annual cumulative incidence functions for 380 radio-marked black-tailed 

deer. Cumulative annual risk of harvest (pooled across legal, illegal, and unknown legality) was 

higher for males (0.16, 95% CI = 0.11 – 0.20) compared to females (0.03, 95% CI = 0.007 – 0.05; 

Table 6, Figure 8); however, cumulative annual risk of predation was nearly equal between the 

sexes (males: 0.05, 95% CI = 0.02 – 0.08; females: 0.05, 95% CI = 0.03 – 0.08; Table 6, Figure 

9). Thus, the probability that a male deer died due to hunting mortality before the end of the 

biological year was 16% vs. 3% for females. The cumulative annual risk of death from all “other” 

sources (pooled due to low sample sizes; including roadkill, disease and other natural mortality) 

was 2% (0.02; 95% CI = -0.001 – 0.03) for males, and 3% (0.03; 95% CI = 0.01 – 0.05) for 

females (Table 6, Figure 10).  

 In addition to annual CIFs, daily mortality risk was also summarized as cumulative risk 

by season for both sexes. The probability that a female died due to predation by the end of the 

winter season was 4% (0.04, 95% CI = 0.02 – 0.06) vs. < 1% by the end of summer (0.007; 95% 

CI = -0.002 – 0.02; Table 7, Figure 11). Conversely, cumulative predation risk for males was 

more comparable between seasons (winter: 0.01, 95% CI = 0.0005 –0.03; summer: 0.02, 95% CI 

= 0.0007 –0.01), with the probability of death due to predation by the end of the winter and 

summer seasons ranging from 1 to 2% (Table 7, Figure 11). Cumulative risk of death from 

sources pooled into the “other” category were 0.02 (95% CI = -0.001 – 0.04) for males in winter 

(no mortality in this category during summer); 0.02 (95% CI = 0.003 – 0.03) for females in 

winter; and 0.02 (95% CI = 0.003 – 0.03) for females in summer (Table 7, Figure 11). There was 

some risk of harvest mortality in both winter and summer seasons from illegal harvest (n = 3) and 

harvest of unknown legality (n = 6), and a small number of legal archery or muzzleloader 
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harvests (n = 3) that occurred outside of the designated hunting season boundaries for this 

analysis (Table 7, Figure 11).    

During the time period covering the variable opening and closing dates of the general 

Cascades rifle season (28 Sep – 11 Nov), cumulative risk of legal harvest for 2-year old males 

(0.22, 95% CI = 0.12 – 0.32) was twice as high compared to adult males (0.09, 95% CI = 0.04 – 

0.15; Table 8, Figure 12). Thus, by the end of the hunting season 2-year old males had a 22% 

probability of dying due to harvest relative to a 9% probability of hunting mortality for adult 

males. Cumulative risk of harvest from pooled illegal and unknown legality sources was 0.05 

(95% CI = -0.005 – 0.10) and 0.04 (95% CI = -0.009 – 0.08) for 2-year old and adult males, 

respectively. For yearling males, the cumulative risk of dying due to hunting was only 2% for 

legal harvest (0.02; 95% CI = -0.009 – 0.06) and 2% for illegal harvest and harvest of unknown 

legality combined (0.02; 95% CI = -0.009 – 0.06; Table 8, Figure 12). During this time period, 

which encompassed antlerless hunts, cumulative risk of legal harvest for females pooled across 

all age classes was <1% (0.005; 95% CI = -0.003 – 0.01), although cumulative risk of harvest 

from pooled illegal harvest and harvest of unknown legality was higher (0.01; 95% CI = -0.001 – 

0.03; Table 8, Figure 12). 

 
DISCUSSION 

Survival 

This study documents some of the first sex- and age-specific survival rates for Columbian black-

tailed deer in Oregon. In general, I observed strong variation in survival rates relative to sex and 

age class and by season (winter vs. summer). The long time-series associated with this study also 

allowed us to document variation in summer survival rates across years. Females of all age 

classes had similar survival rates across both seasons and all years; whereas yearling male 
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survival rates were comparable to those of females, survival of 2-year-old and adult males was 

markedly lower in both seasons compared to females and yearling males.    

 Sex and age were important explanatory factors for black-tailed deer survival in this 

study, and observed differences in survival rates between the age classes for males were 

considerable, with substantially lower survival of the older age classes compared to yearlings. 

This pattern in males may reflect the possibility that harvest mortality is additive and thereby 

decreasing annual survival rates above what would be expected through natural mortality alone. 

A study of black-tailed deer populations in Washington managed under different harvest regimes 

suggested that harvest was a substantial source of additional male mortality compared to other 

non-harvest sources (Bender et al. 2004). It has also been proposed that the highest potential for 

male harvest to become an additive source of mortality is for deer during the time of year when 

body condition is at its best, and mortality due to natural causes is low (i.e., males coming out of 

summer; Pac and White 2007). The plausibility of this scenario for deer populations in southwest 

Oregon would be dependent on whether summer range conditions were good during this time, 

resulting in high carrying capacity and no natural population decreases occurring through density-

dependent mechanisms (Bartmann et al. 1992). In addition, higher yearling male survival rates 

compared to 2-year-olds and adults may reflect the fact that harvest regulations at the time largely 

protected this age class from hunting pressure, as predicted. Two-year-olds are likely the first age 

class to experience substantial hunting pressure as “legal” deer, which could explain a drop in 

survival probability of up to 20% compared to yearlings during the summer survival interval, 

which includes the hunting season in this study. A further drop in survival probability from 2-year 

olds to adults may be due to sustained harvest rates and possibly other biological factors that 

affect mature and senescent male deer. Older mature males expend more energy during the late-

fall rut compared to younger age classes (Geist 1981) and make larger movements during and 
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post-rut (Robinette 1966, Long et al. 2013), which may predispose them to higher mortality rates. 

Although most literature directly compares variability between fawn (< 1 year old) with adult 

female survival (Unsworth et al. 1999, Bishop et al. 2009, Forrester and Wittmer 2013, Monteith 

et al. 2014), my results suggest that adult female black-tailed deer experienced similar variation in 

annual survival compared to yearlings, inconsistent with patterns generally observed in ungulates 

(Gaillard et al. 2000). Seasonal survival rates of yearling males were similar to or slightly higher 

than those of females of all age classes, which was also unexpected based on previous research 

(Taber and Dasmann 1954, Pac and White 2007).  However, I did observe higher survival rates 

for 2-year old and adult females compared to males of the same age class, consistent with 

predictions. 

 This study also suggests strong seasonal differences in black-tailed deer survival across 

sex and age classes, consistent with results observed for white-tailed deer (Nelson and Mech 

1986) and my initial hypotheses based on the nature of the data structure (i.e. hunting mortality 

contained within summer season). All of my top models identified seasonal differences between 

winter and summer months as an important source of variation in black-tailed deer survival, with 

the best-approximating model distinguishing winter survival consistent between years and 

summer survival varying annually. A constant winter effect across years suggests stability in 

survival rates despite environmental variation that occurred over the course of the study. In 

particular, the 1994-95 winter produced lower than average precipitation in association with El 

Niño, and the 1995-96 and 1996-97 winters were years of abnormally high precipitation in the 

region (National Oceanic and Atmospheric Administration 2015a). High winter survival rates 

across the 3 female age classes and yearling males suggest that winter environmental conditions 

had relatively mild direct effects on deer herds in this region. 
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 Differences between seasonal survival rates for males can likely be explained by the 

large majority of harvest mortality accounted for during the summer season in this study.  In fact, 

harvest constituted the primary single source of mortality for the 2-year-old and adult age classes. 

Though winter survival rates were high and constant for females, female summer survival rates 

were more variable over the six year study (e.g., adults: range 0.52 − 0.87) and cannot be 

explained by hunting mortality, which was low. Adult female mule deer in California similarly 

experienced higher variability and lower mean survival during summer months (winter: 0.87 – 

1.0, summer: 0.76 – 1.0; Monteith et al. 2014).   

 The magnitude of seasonal variation observed in this study may also be a function of 

one or more environmental, biological or behavioral factors; for example, highest adult female 

mule deer mortality rates have been associated with the months of the year corresponding to 

parturition and lactation (Lawrence et al. 2004). It may be that females in southwest Oregon were 

experiencing physiological stress associated with the time of year when energy and metabolic 

demands are highest; the effects of which amplify as forage quantity and quality decreases (Klein 

1965, Anderson et al. 1972). Survival and cause-specific mortality for adult black-tailed deer 

females have been associated with seasonal movement behavior (McNay and Voller 1995). There 

was a wide observed range of migratory movements for radio-marked deer of both sexes in this 

study (Jackson and Orr 2001), and tradeoffs for survival between resident and migratory 

strategies can vary in association with annual environmental conditions (Nicholson et al. 1997). 

However, the movement data on the deer in my study was not collected at a fine enough temporal 

scale to develop accurate seasonal home ranges or movements between summering and wintering 

areas.  

 In general, none of the large-scale regional weather covariates (SOI, PDO and PDSI) 

explained any temporal variation in survival rate probabilities. This result is consistent with a 
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recent evaluation of the relationship of regional weather (measured by the SOI) with mule and 

black-tailed deer survival rates across multiple studies (Forrester and Wittmer 2013). Although 

the study area represents a latitudinal gradient of increasingly warmer and drier climate from 

north to south (Franklin and Dyrness 1988) and annual deviations from normal in local weather 

were observed over the course of the study, this environmental variation may not have been 

enough (as in desert environments; e.g. Marshal et al. 2002) to affect seasonal survival as I 

initially predicted. Also, the time series (6 years) or spatial grain may not have been adequate to 

detect patterns between regional climate and seasonal survival compared to longer-term wildlife 

survival studies conducted in the Pacific Northwest (e.g., Glenn et al. 2011a). Differences 

between winter and summer survival may be the result of one or more small-scale environmental 

drivers that I could not test for with this dataset (e.g., local precipitation). Cross-seasonal effects 

of environmental conditions may serve as an explanation for why summer survival rates were 

lower than winter rates. Lags in environmental effects on populations have been inferred for mule 

deer in Colorado, Idaho, Montana (Unsworth et al. 1999, Hurley et al. 2014), New Mexico 

(Bender et al. 2007), California (Monteith et al. 2014) and for white-tailed deer (Odocoileus 

virginianus) in South Dakota (Monteith et al. 2009). However, patterns expected from such lags 

were not consistent in my results, at least on a seasonal scale if wetter winters are predicted to 

result in better foraging conditions during the subsequent summer as I observed both the highest 

(1997) and lowest (1996) summer survival rates for both sexes after the wettest winter intervals.  

 Estimates of annual survival of yearling and 2-year-old males from this study were 

within the range of average annual survival rates for three harvested populations of male black-

tailed deer (>1.5 years of age) in Washington (low 50% range; (McCorquodale 1999, Bender et 

al. 2004).  However, low summer survival rates for adult males during two years (1995/1996, 

1996/1997) resulted in extremely low estimates of annual survival during these 
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years. Annual estimates of adult female survival rates in this study ranged from 0.44 – 0.74 and 

are most comparable to low survival rates observed for female black-tailed deer in California 

(0.77 for deer aged 2 – 7 years; Marescot et al. 2015). However, the upper limit of my estimates 

is 10% lower than the weighted mean of 0.84 from 21 studies of mule and black-tailed females 

(Forrester and Wittmer 2013). The maximum annual survival rate for females in the study was 

observed for yearlings and while no comparable age-specific rates exist for yearling black-tailed 

deer in other regions, some of my estimates fall within the lower range of annual estimates 

reported for adult black-tailed females in Washington (0.71 − 0.93; McCorquodale 1999) and 

Vancouver Island (0.73 − 0.95; McNay and Voller 1995). Due to annual variation in summer 

survival rates, particularly during 1995/1996 and 1996/1997, adult female survival was variable 

across years, inconsistent with annual rates typically reported in the literature for longer-term 

studies (Bartmann et al. 1992, Unsworth et al. 1999, Gaillard et al. 2000). 

 The impetus for this study was concern over an apparent decline in population 

numbers, and these results suggest that low survival rates may be one of the mechanisms resulting 

in population declines. Very high rates of adult male mortality (through hunting, for example) can 

have significant consequences for herd population dynamics, but in general the trajectory of 

population growth is less affected by high male mortality rates compared to females 

(McCorquodale 1999). While some annual survival rates observed during this study did fall 

within the lower ranges of other black-tailed deer studies, some of my estimates fell below the 

lowest values reported in the literature for both black-tailed and mule deer (Bartmann et al. 1992, 

Bender et al. 2007, Forrester and Wittmer 2013, Monteith et al. 2014). Even my highest annual 

estimates for adult females are consistent with similar low rates observed for a declining 

population (Marescot et al. 2015). However, without additional information to model fecundity 

and recruitment rates specific to this population, the factors that affect these vital rates, and 
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estimates of deer abundance and density on the landscape (e.g., Gilbert and Raedeke 2004), the 

effects of the survival rates observed in this study on long-term population trends can only be 

hypothesized. 

 There are several attributes of the data itself to take into consideration when evaluating 

the results of this survival analysis. Although a large total number of marked deer were included 

in this analysis, the number of individuals entering a survival interval for a given sex-age class by 

season and across years was often very low, particularly for males. Small sample sizes increase 

sampling variance, thereby reducing parameter precision (Edwards 1992). To boost sample size, 

fate histories for individuals marked after the start of an interval could have begun during that 

interval, rather than the first interval for which they were alive from the interval start (generally 

next interval after capture interval; e.g., Unsworth et al. 1999, Pac and White 2007, Keller et al. 

2013). However, this approach represents an acknowledged tradeoff that can positively bias 

survival rate estimates (Unsworth et al. 1999, Pac and White 2007). In addition to low precision, 

small sample sizes reduce the confidence that estimates are representative of the entire population 

as they could represent atypical groups of animals. For example, the possibility exists that a high 

proportion of marked deer in the analysis just happened to die by chance or due to some inherent 

difference in the sample of individuals captured and radioed in that age class, which can result in 

estimates that do not reflect rates associated with the larger population. Coefficients of variation 

(CVs) for the summer season ranged from lows of 6% for adult females and male yearlings to 

highs of 45% for male adults (Table B). In some intervals, however, female sample size was low 

for some age classes, yet estimates were consistent with estimates for other age classes with 

adequate sample sizes. This may be a real reflection of high relative survivability characteristic to 

female deer, and while precision of those estimates with small sample sizes was poor, they may 

not have been biased. Females (particularly 2-year-olds and adults) had better sample sizes for 
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each seasonal survival interval (n ≥ 20) compared to males and sample sizes generally increased 

over time. Thus, precision of estimates for females was higher for the older age classes and higher 

as the study progressed, so adult female survival rates may be the most reliable survival rate 

estimates from this study.  

In addition to small sample sizes, it is also possible that my sample of radio-collared deer 

was not representative of the entire population because of trapping bias. When traps that 

incorporate bait attractants are used to capture deer, winter weather variables can result in 

disproportionate numbers of younger deer caught relative to deer available on the landscape; 

particularly fawns (Hiller et al. 2010). The proportion of young in the population, the social 

structure within populations that may force young deer into lower-quality habitat and/or the 

foraging inexperience of young deer in low-forage conditions may predispose them to trapping as 

they seek out food and nutrient resources during poor environmental conditions (Hiller et al. 

2010). The highest numbers of deer caught in traps during my study were yearlings, but 

assessments of deer body condition, local habitat and environmental characteristics and 

demographic variables (deer density) were not available to investigate whether a trapping bias 

existed. However, yearlings had the highest survival rates for both males and females which 

would tend to discount a resource-driven trapping bias for animals in poor condition.  

Finally, there was a large amount of censoring of individuals due to lost signals, dropped 

collars, etc., and more males were censored compared to females (males: 14 − 52% over all 

intervals, �̅� = 35%; females: 6 – 43% over all intervals; �̅� = 24%). In addition to decreasing 

overall sample size within survival intervals, an important assumption of censoring is that it is 

random (Pollock et al. 1989), and when censoring rates become very high, uncertainty is 

introduced in terms of the individual characteristics or mechanisms that may have led to 

censoring of those animals. 
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Cause-specific mortality 

Assessing the probability of mortality relative to different sources is important for understanding 

the range of mechanisms that result in observed survival rates. Interval-specific (e.g., daily) risk 

of death by a given cause for a given time period lends insight into the underlying temporal 

structure of cause-specific mortality, especially when marked animals enter the sample at 

different times (Heisey and Fuller 1985). As predicted, legal harvest was the primary source of 

mortality for 2-year-old and adult males, and the steep increase in daily harvest risk for males 

coincided with the general rifle season in the study area. Daily and cumulative risk of harvest for 

females was much lower, corresponding with male-biased harvest regulations in effect during this 

study (Oregon Department of Fish and Wildlife 2008). The daily risk of harvest for both sexes 

outside of the designated hunting season (particularly for adult males) is attributed to the small 

number of legal harvests that occurred as late as December (i.e. muzzleloader), in addition to 

illegal harvest and harvest deaths that could not be definitively assigned a legal or illegal 

designation. Cumulative risk of legal harvest across the entire hunting season was more than 

twice as high for 2-year-olds males compared to adults (22% vs. 9%). Due to inexperience, 2-

year-old males may be more susceptible to harvest compared to older adults  (Nelson and Mech 

1986). Resource managers believed that because of selective hunting pressure on males, direct 

impacts of legal harvest were localized and not responsible for long-term, widespread population 

declines of black-tailed deer in Oregon (Oregon Department of Fish and Wildlife 2008). 

However, results from both my survival and CSM analyses suggest that this might not be the case 

in southwest Oregon. High mortality risk of male 2-year olds and adults to legal harvest relative 

to yearlings, in addition to significantly higher annual harvest risk for males compared to other 

known sources of mortality, supports my hypothesis that harvest could be an additive source of 

mortality for black-tailed males >2 years old. My study suggests that hunting pressure on adult 
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males (>2 years old) was high during the 1990’s and contributed to low observed survival rates of 

adult males during this study. However, there is uncertainty in how annual survival rates of males 

(largely driven by harvest) and resulting buck:doe ratios affect long-term population trends 

(White et al. 2001). It is interesting to note that consistent with higher survival rates, harvest risk 

for yearlings did not begin to accumulate until the end of the hunting season period. This may be 

a reflection of hunter behavior in that standards for large or “trophy quality” males may decrease 

as the season draws to a close, when hunters may choose to shoot legal males of any size rather 

than miss opportunities waiting for a bigger animal. 

As predicted, predation was the primary single source of mortality for all age classes of 

females and cougars were the primary predator of marked deer in this study, consistent with other 

research (Ballard et al. 2001, Marescot et al. 2015). Proportionally more females died from 

known predation compared to males, but daily and cumulative risk exhibited similar annual 

patterns for both sexes. Similar predation risk for both sexes lends support to the hypothesis that 

hunting could be an additive source of mortality in males. Predation risk varied between the sexes 

by season, but only varied across seasons for females. The observed time frame for highest 

predation on Vancouver Island female black-tailed deer occurred February − June (McNay and 

Voller 1995), and predation risk by cougars peaked in February and March for adult female mule 

deer in Idaho (Hurley et al. 2011). Female predation risk during winter season in this study 

showed an increase from February through May, consistent with these other studies and my 

prediction that predation effects would be more profound during winter months. This elevated 

risk period for females suggests increased vulnerability during months corresponding with late 

gestation and parturition (Knopff et al. 2010). Interestingly, risk functions leveled out for both 

sexes during late autumn and winter (males: December – late March; females: mid-November – 

mid-February), and these time periods occurred after migration took place for a majority of 
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marked deer (i.e., they were on their established winter ranges). One of the potential mechanisms 

for decreased risk of predation during the period of time immediately following migration could 

be that predator avoidance is one of the benefits of migration (Fryxell et al. 1988, Hebblewhite 

and Merrill 2009); however, it was unexpected that both sexes would experience a lag in 

predation risk for such an extended period of time.  

There was weak evidence that annual cumulative risk of death to “other” (i.e., not related 

to harvest or predation) sources of mortality was higher for females compared to males. Although 

females suffered higher mortality due to collisions with cars compared to males and accounted for 

100% of confirmed natural mortality (disease, etc.), total relative numbers of these mortalities 

were small, and similar to percentages reported for other studies of mule and black-tailed deer 

across their range (Forrester and Wittmer 2013). 

Most of my results regarding cause-specific mortality in black-tailed deer in southwestern 

Oregon are consistent with other studies of mule and black-tailed deer (McNay and Voller 1995, 

Bleich and Taylor 1998, Bender et al. 2004b, Lawrence et al. 2004, Forrester and Wittmer 2013). 

However, the high number of unknown causes of mortality (40% of total deaths) presents a 

source of bias in my CIF estimates. Unknown mortalities do not contribute any information 

regarding the distribution of cause-specific mortality in a sample (Bishop et al. 2009), and are 

typically either excluded from cause-specific mortality analyses, or included as their own 

category under the assumptions that Mk(t) will be more accurately representative and that risk 

estimates should be interpreted conservatively (Blomberg et al. 2013). I chose to include the deer 

that died due to unknown causes as a separate category so that overall mortality estimates would 

not be negatively biased (i.e., excluding that quantity of dead deer would overestimate survival). 

However, I did not know how the mortalities classified as “unknown” were apportioned among 

the known causes I investigated, and proportions of mortality sources in the unknown category 
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may be different than what I observed in deer with known fates. Given the relatively similar 

distribution of unknown mortalities between winter and summer months, the spatial heterogeneity 

of the study area, the numerous factors that affect mortality and factors that affect assessments of 

mortality, there are too many uncertainties to make any strong arguments about what sources 

could proportionally (or disproportionally) comprise the unknown mortality category. Thus, in 

light of this uncertainty, cause-specific mortality rates from this study should be viewed as 

minimum levels of risk associated with hunting, predation and other sources of natural mortality, 

and suggestive of the relative relationships between differential causes of mortality in black-tailed 

deer. 
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Table 1. Model selection results for all a priori models investigating survival probability (S) of 
radio-marked Columbian black-tailed deer (Odocoileus hemionus columbianus) in southwest 
Oregon, 1994−2000 relative to age, sex, season, linear time trends within seasons and years, and 
regional climate indicesa. Models are ranked according to Akaike Information Criterion adjusted 
for small sample sizes (AICc). Delta AICc (∆AICc), Akaike weight (wi), number of parameters 
(K), and deviance are also listed for each model. Model set also includes the intercept-only (null 
model) of constant S over time [S(.)] and the most general model with survival variation by 
season and year [S(t)]. 
 
 

  Modela AICc ∆AICc wi K Deviance   

 

 

S(W, Smr*Yr + sex*age) 733.44 0.00 0.65 10 713.20 

 

 

S(W, Smr + sex* age) 736.18 2.74 0.17 5 726.11 

 

 

S(W, Smr*Yr + sex+ age) 736.90 3.46 0.12 9 718.70 

 

 

S(W, Smr + sex+ age) 738.68 5.24 0.05 4 730.64 

 

 

S(W, Smr*Yr + sex) 741.35 7.91 0.01 8 725.19 

 

 

S(W, Smr*yr*age + sex) 744.62 11.18 0.00 9 726.42 

 

 

S(W, Smr*Yr + age) 749.72 16.29 0.00 8 733.57 

 

 

S(sex*age) 750.66 17.22 0.00 4 742.61 

 

 

S(SOI + sex*age) 751.56 18.12 0.00 5 741.50 

 

 

S(PDSI lag1 + sex*age) 751.57 18.13 0.00 5 741.51 

 

 

S(W, Smr*Yr) 751.73 18.30 0.00 7 737.61 

 

 

S(PDSI + sex*age) 751.96 18.52 0.00 5 741.89 

 

 

S(PDO + sex*age) 752.03 18.59 0.00 5 741.96 

 

 

S(W, Smr) 752.10 18.66 0.00 2 748.08 

 

 

S(SOI lag1 + sex*age) 752.48 19.04 0.00 5 742.41 

 

 

S(PDSI lagSeas + sex*age) 752.52 19.08 0.00 5 742.45 

 

 

S(sex + age) 752.61 19.17 0.00 3 746.58 

 

 

S(PDO lag1 + sex*age) 752.67 19.24 0.00 5 742.61 

 

 

S(W-T, Smr*Yr) 754.22 20.78 0.00 7 740.10 

 

 

S(W-T) 754.69 21.26 0.00 2 750.68 

 

 

S(W, Smr*Yr*age) 755.44 22.01 0.00 8 739.29 

 

 

S(W, Smr + Yr) 755.70 22.26 0.00 7 741.58 

 

 

S(Yr*age + W, Smr) 756.25 22.82 0.00 8 740.10 

         



50 
 

 

Table 1 (Continued) 

        

 

S(Yr*age + sex) 757.39 23.95 0.00 8 741.23 

 

 

S(sex) 758.76 25.32 0.00 2 754.75 

 

 

S(Smr-T) 759.24 25.80 0.00 2 755.23 

 

 

S(Yr*Seas) 761.24 27.81 0.00 12 736.90 

 

 

S(Smr, W*Yr) 761.50 28.06 0.00 7 747.37 

 

 

S(age) 765.92 32.48 0.00 2 761.91 

 

 

S(.) 769.57 36.13 0.00 1 767.56 

 

 

S(Yr-T) 770.99 37.56 0.00 2 766.98 

   S(Yr) 771.69 38.25 0.00 6 759.60   

 
aModel notation: Winter season (W); Summer season (Smr); Biological year: June – May (Yr); a 
linear time trend within season (W-T, Smr-T) or year (Yr-T); males vs. females (sex) age effects 
with differences between yearlings, 2-year olds, and adults (age); the Palmer Drought Severity 
Index (PDSI); the Southern Oscillation Index (SOI); the Pacific Decadal Oscillation (PDO); a 
temporal lag in climate covariates by 1 season (lagSeas) and 1 year (lag1) 
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Table 2. Covariate coefficients (�̂�), standard errors (SE) and 95% confidence limits (LCL, UCL) 
from the best-approximating model estimating survival as a function of constant winter season 
effects, annually variable summer season effects, and an interaction between sex and age [S(W, 
Smr*Yr + Sex*Age)] for Columbian black-tailed deer (Odocoileus hemionus columbianus in 
southwest Oregon, 1994 – 2000. 
  

Covariate �̂� SE LCL UCL 
 

Intercepta 1.700 0.577 0.57 2.83 

Winter 0.850 0.314 0.24 1.46 

Summer (1994) 0.001 0.779 -1.53 1.53 

Summer (1995) -0.543 0.439 -1.40 0.32 

Summer (1996) -0.814 0.500 -1.79 0.17 

Summer (1997) 1.018 0.508 0.02 2.01 

Summer (1998) 0.126 0.406 -0.67 0.92 

Sex -0.662 0.677 -1.99 0.66 

Age -0.695 0.210 -1.11 -0.28 

Sex* Age 0.646 0.277 0.10 1.19 

    
aIntercept reflects females during Summer (1999). 
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Table 3. Winter and summer (Smr) season survival rate estimates (S), 95% confidence limits (LCL, UCL), coefficient of variation (CV) and 
sample size (n) for radio-collared Columbian black-tailed deer (Odocoileus hemionus columbianus) in southwest Oregon, 1994−2000. 
Estimates are based on the best model including the constant seasonal effects for winter, but annual variation in summer survival, and an 
interaction between sex and age [S(W, Smr*Yr + sex*age] for male (M) and female (F) yearlings (Yrlg), 2-year-olds (2 YO) and adults (Ad). 
 

   
M Yrlg 

    
M 2 YO 

    
M Ad 

  Season S LCL UCL CV n S LCL UCL CV n S LCL UCL CV n 
 

Winter 
 

0.86 
 

0.77 
 

0.92 
 

0.05 
 

59 
 

0.76 
 

0.68 
 

0.83 
 

0.05 
 

37 
 

0.61 
 

0.49 
 

0.72 
 

0.1 
 

63 
Smr 94 0.73 0.37 0.93 0.21 4 0.58 0.24 0.85 0.31 1 0.41 0.13 0.75 0.45 2 
Smr 95 0.61 0.4 0.79 0.17 12 0.44 0.28 0.62 0.21 5 0.28 0.15 0.47 0.29 8 
Smr 96 0.55 0.31 0.76 0.23 4 0.38 0.2 0.59 0.27 10 0.23 0.1 0.43 0.37 6 
Smr 97 0.88 0.73 0.96 0.06 10 0.79 0.61 0.9 0.09 7 0.65 0.43 0.82 0.13 19 
Smr 98 0.76 0.57 0.88 0.11 2 0.61 0.44 0.75 0.13 17 0.44 0.27 0.61 0.2 17 
Smr 99 0.73 0.55 0.86 0.11 3 0.58 0.43 0.71 0.13 23 0.41 0.27 0.56 0.19 24 

                

   
F Yrlg 

    
F 2 YO 

    
F Ad 

  Season S LCL UCL CV n S LCL UCL CV n S LCL UCL CV n 
 

Winter 
 

0.86 
 

0.78 
 

0.92 
 

0.04 
 

81 
 

0.86 
 

0.8 
 

0.9 
 

0.03 
 

79 
 

0.85 
 

0.79 
 

0.9 
 

0.03 
 

154 
Smr 94 0.73 0.36 0.93 0.21 1 0.72 0.37 0.92 0.21 1 0.71 0.36 0.91 0.22 9 
Smr 95 0.61 0.4 0.78 0.17 15 0.6 0.43 0.75 0.14 4 0.59 0.41 0.75 0.15 28 
Smr 96 0.54 0.31 0.76 0.23 1 0.53 0.33 0.73 0.2 18 0.52 0.31 0.72 0.21 18 
Smr 97 0.88 0.73 0.95 0.06 12 0.88 0.75 0.94 0.06 11 0.87 0.73 0.94 0.06 34 
Smr 98 0.75 0.57 0.87 0.1 4 0.74 0.6 0.85 0.08 29 0.73 0.59 0.84 0.09 39 
Smr 99 0.73 0.55 0.85 0.11 5 0.72 0.59 0.82 0.08 20 0.71 0.57 0.82 0.09 53 
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Table 4. Annual survival rate estimates (S) and standard errors (SE) for radio-collared Columbian black-tailed deer (Odocoileus hemionus 
columbianus) in southwest Oregon, 1994−2000. Estimates are representative of the biological year for Columbian black-tailed deer (1 Jun – 31 
May) and are the product of seasonal survival rates (Annual Syear i = Summeryear i* Winteryear i+1) from the best model including  
the constant seasonal effects for winter, but annual variation in summer survival, and an interaction between sex and age [S(W, Smr*Yr  
+ sex*age]. Estimates are for yearlings (Yrlg), 2-year-olds (2 YO) and adults (Ad) of the male (M) and female (F) gender classes. 
 

 
M Yrlg M 2 YO M Ad F Yrlg F 2 YO F AD 

Year S SE S SE S SE S SE S SE S SE 

1994−95 
 

0.63 0.144 0.44 0.141 0.25 0.119 0.63 0.145 0.62 0.132 0.60 0.134 

1995−96 0.53 0.105 0.34 0.075 0.17 0.060 0.53 0.100 0.51 0.077 0.50 0.083 

1996−97 0.47 0.119 0.29 0.083 0.14 0.059 0.47 0.117 0.46 0.095 0.44 0.097 

1997−98 0.76 0.071 0.60 0.068 0.40 0.074 0.76 0.066 0.75 0.050 0.74 0.056 

1998−99 0.65 0.091 0.46 0.071 0.27 0.068 0.65 0.084 0.64 0.060 0.62 0.065 

1999−00 0.63 0.091 0.44 0.066 0.25 0.062 0.63 0.086 0.62 0.059 0.60 0.062 
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Table 5. Total number (% of totala) of mortalities for radio-collared Columbian black-tailed deer (Odocoileus hemionus columbianus)  
in southwest Oregon, 1994−2000 for fawn (Fwn), yearling (Yrlg), 2-year-old (2 YO) and adult (Ad) males (M) and females (F) assigned to the 
following categories: hunting (H; split into legal, illegal, and unknown legality), predation, roadkill, disease and other natural mortality. The 
“Unknown” column denotes the number of deer for which a cause of mortality could not be determined.  
 

    

Cause of Mortality 

    All H−Legal H−Illegal H−Unk. Predation Roadkill Disease Natural Total Unknown 
 

M Fwn − − − 2 (100%) − − − 2 4 

M Yrlg 3 (30%) 1 (10%) 1 (10%) 3 (30%) 2 (20%) − − 10 16 

M 2 YO 15 (68%) − 4 (18%) 2 (9%) 1 (5%) − − 22 5 

M Ad 12 (43%) 2 (7%) 6 (21%) 6 (21%) 1 (4%) 1 (4%) − 28 12 

Total M 30 3 11 13 4 1 − 62 37 
 

F Fwn − − − 4 (100%) − − − 4 3 

F Yrlg − − − 5 (71%) 1 (14%) − 1 (14%) 7 11 

F 2 YO − 1 (10%) 1 (10%) 6 (60%) 1 (10%) − 1 (10%) 10 5 

F Ad 2 (7%) 2 (7%) 5 (17%) 10 (34%) 5 (17%) 2 (7%) 3 (11%) 29 20 

Total F 2 3 6 25 7 2 5 50 39 
 

Grand 
Total 32 (29%) 6 (5%) 17 (15%) 38 (34%) 11 (10%) 3 (3%) 5 (4%) 112 76 

 
 

aSome percentages do not add to 100% due to rounding.  
 



55 
 

 

Table 6. Cumulative incidence functions (CIFs) and 95% confidence limits (LCL,UCL) for a 365 
day annual period for male and female radio-collared Columbian black-tailed deer (Odocoileus 
hemionus columbianus) in southwest Oregon, 1994−2000. Hazard rate estimates were calculated 
for the following sources of mortality: harvest (pooled legal, illegal, and unknown legality), 
predation (pooled known and unknown predators), “other” (causes of lower occurrence including 
roadkill, disease and other natural mortality) and unknown (cause of mortality could not be 
determined). 
 

 

Mortality 
Source CIF LCL UCL 

Males 
 

Harvest 0.158 0.112 0.205 

 

Predation 0.047 0.018 0.077 

 

Other 0.017 -0.001 0.034 

 

Unknown 0.132 0.089 0.175 
 

Females Harvest 0.026 0.007 0.045 

 

Predation 0.054 0.030 0.078 

 

Other 0.033 0.014 0.052 

 

Unknown 0.095 0.063 0.126 
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Table 7. Cumulative incidence functions (CIFs) and 95% confidence limits (LCL,UCL) across 
two seasonal periods (winter vs. summer) for male and female radio-collared Columbian black-
tailed deer (Odocoileus hemionus columbianus) in southwest Oregon, 1994−2000.  Winter season 
is designated from 12 Nov – 31 May (201 days), and summer season is designated from 1 Jun – 
27 September (119 days). Seasonal periods reflect mortality risks independent of the general 
hunting season, when black-tailed deer experienced highest legal harvest mortality. Hazard rate 
estimates were calculated for the following sources of mortality: harvest (pooled legal, illegal, 
and unknown legality), predation (pooled known and unknown predators), “other” (causes of 
lower occurrence including roadkill, disease and other natural mortality) and unknown (cause of 
mortality could not be determined).  
 

 

Mortality 
Source CIF LCL UCL 

 

 

Winter 
   Males Harvest 0.032 0.007 0.057 

 

Predation 0.017 0.000 0.034 

 

Other 0.017 -0.001 0.036 

 

Unknown 0.102 0.061 0.143 

     Females Harvest 0.005 -0.003 0.013 

 

Predation 0.039 0.019 0.059 

 

Other 0.018 0.003 0.032 

 

Unknown 0.046 0.022 0.071 

     
 

Summer 
   Males Harvest 0.004 -0.003 0.011 

 

Predation 0.019 0.001 0.037 

 

Unknown 0.037 0.013 0.061 

     Females Predation 0.007 -0.002 0.016 

 

Other 0.017 0.003 0.031 

 

Unknown 0.042 0.022 0.062 
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Table 8. Cumulative incidence functions (CIFs) and 95% confidence limits (LCL,UCL) during 
the 45 day hunting season (28 Sep – 11 Nov each year) for yearling, 2-year-old (2 YO) and adult 
males, and all age classes pooled for female radio-collared Columbian black-tailed deer 
(Odocoileus hemionus columbianus) in southwest Oregon, 1994 – 2000. Hazard rate estimates 
were calculated for the following sources of mortality: legal harvest, “other” harvest (illegal and 
unknown legality), predation (pooled known and unknown predators), “other” (causes of lower 
occurrence including roadkill, disease and other natural mortality) and unknown (cause of 
mortality could not be determined). 
 

 

Mortality 
Source CIF LCL UCL 

Males 
 

Yearling       

 

Legal harvest 0.024 -0.009 0.058 

 

Other harvest 0.024 -0.009 0.057 

 

Predation 0.012 -0.011 0.036 

 

Unknown 0.024 -0.009 0.057 

 

 

2 YO       

 

Legal harvest 0.222 0.120 0.325 

 

Other harvest 0.048 -0.005 0.100 

 

Unknown 0.016 -0.015 0.047 

 

 

Adult 
   

 

Legal harvest 0.095 0.039 0.151 

 

Other harvest 0.035 -0.009 0.078 

 

Predation 0.026 -0.011 0.063 

 

Other 0.009 -0.008 0.025 

 

Unknown 0.009 -0.020 0.037 

Females 
 

All ages 
   

 

Legal harvest 0.005 -0.003 0.014 

 

Other harvest 0.013 -0.001 0.026 

 

Predation 0.013 -0.001 0.026 

 

Unknown 0.010 -0.002 0.022 
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Figure 1. Regional topography of the South Cascades Black-Tailed Deer Study area. 
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Figure 2. Location and study area boundaries of the South Cascades Black-Tailed Deer Study. 
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Figure 3. Distribution of capture locations from the South Cascades Black-Tailed Deer Study. 
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Figure 4. Summer (May  ̶  Oct) and Winter (Nov  ̶  Jun) seasonal survival rate estimates (S) and 95% confidence intervals for male yearling (M 
Yrlg), 2-year-old (M 2 YO), and adult (M Ad) radio-marked Columbian black-tailed deer (Odocoileus hemionus columbianus) in southwest 
Oregon, 1994−2000. Estimates were derived from the best approximating known-fate model including the constant seasonal effects for winter, 
but annual variation in summer survival, and an interaction between sex and age [S(W,Yr*Smr, sex*age]. The grey boxes highlight winter 
season estimates. 
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Figure 5. Summer (May  ̶  Oct) and Winter (Nov  ̶  Jun) seasonal survival rate estimates (S) and 95% confidence intervals for female yearling 
(F Yrlg), 2-year-old (F 2 YO), and adult (F Ad) radio-marked Columbian black-tailed deer (Odocoileus hemionus columbianus in southwest 
Oregon, 1994−2000. Estimates were derived from the best approximating known-fate model including the constant seasonal effects for winter, 
but annual variation in summer survival, and an interaction between sex and age [S(W,Yr*Smr, sex*age]. The grey boxes highlight winter 
season estimates. 
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Figure 6. Annual survival rate estimates (S) and 95% confidence intervals for male yearling (M Yrlg), 2-year-old (M 2 YO), and adult (M Ad) 
radio-marked Columbian black-tailed deer (Odocoileus hemionus columbianus in southwest Oregon, 1994−2000. Estimates represent the 
biological year for Columbian black-tailed deer (1 Jun – 31 May) and are the product of seasonal survival rates (Annual Syear i = Summeryear i* 
Winteryear i+1) from the best-approximating model including the constant seasonal effects for winter, but annual variation in summer survival, 
and an interaction between sex and age [S(W,Yr*Smr, sex*age]. 
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Figure 7. Annual survival rate estimates (S) and 95% confidence intervals for female yearling (F Yrlg), 2-year-old (F 2 YO), and adult (F Ad) 
radio-marked Columbian black-tailed deer (Odocoileus hemionus columbianus in southwest Oregon, 1994−2000. Estimates represent the 
biological year for Columbian black-tailed deer (1 Jun – 31 May) and are the product of seasonal survival rates (Annual Syear i = Summeryear i* 
Winteryear i+1) from the best-approximating model including the constant seasonal effects for winter, but annual variation in summer survival, 
and an interaction between sex and age [S(W,Yr*Smr, sex*age]. 
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Figure 8. Annual cumulative incidence functions for harvest of male and female radio-marked Columbian black-tailed deer (Odocoileus 
hemionus columbianus) in southwest Oregon, 1994−2000. This category includes legal, illegal, and harvest of unknown legality. Risk functions 
are pooled across all years of the study. Day 1 begins the biological year for black-tailed deer on 1 Jun and day 365 closes the year on 31 May. 
The shaded area spans the approximate opening and closing dates of the general Cascades rifle season.  
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Figure 9. Annual cumulative incidence functions for predation of male and female radio-marked Columbian black-tailed deer (Odocoileus 
hemionus columbianus) in southwest Oregon, 1994−2000. Risk functions are pooled across all years of the study. Day 1 begins the biological 
year for black-tailed deer on 1 Jun and day 365 closes the year on 31 May. 

 
 

 
 
 
 

1Jun                  Aug                   Oct                    Dec                    Feb                   Apr                    31May 



67 
 

 

Figure 10. Annual cumulative incidence functions for “other” causes of mortality of male and female radio-marked Columbian black-tailed 
deer (Odocoileus hemionus columbianus) in southwest Oregon, 1994−2000. This category includes low-incidence mortality sources including 
roadkill, disease and other natural causes. Risk functions are pooled across all years of the study. Day 1 begins the biological year for black-
tailed deer on 1 Jun and day 365 closes the year on 31 May. 
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Figure 11. Seasonal cumulative incidence functions for competing risks of male and female radio-marked Columbian black-tailed deer 
(Odocoileus hemionus columbianus) in southwest Oregon, 1994−2000. Risk functions are pooled across all years of the study. Day 1 begins the 
winter season interval on 12 Nov and day 201 closes the interval on 31 May. Day 1 begins the summer season interval on 1 Jun and day 119 
closes the interval on 27 Sep. Seasonal periods reflect mortality risks independent of the general hunting season, when black-tailed deer 
experienced highest legal harvest mortality. Cumulative risk of mortality (CRM) functions are shown for harvest (solid line), predation (dashed 
line) and “other” causes (dotted line). Note the change in scale in CRM between winter and summer season. 
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Figure 12. Cumulative incidence functions for legal harvest of male and female radio-marked Columbian black-tailed deer (Odocoileus 
hemionus columbianus) in southwest Oregon, 1994−1999. Risk functions are pooled across all years of the study. Time period spans the 
variable opening and closing dates of the general Cascade firearm season; day 1 begins the interval on 28 Sep and day 45 closes the interval on 
11 Nov. Risk functions are shown for the male yearling (Yrlg), 2-year-old (2 YO) and adult (Ad) age classes; age classes for females are 
pooled. 

28 Sep                               10 Oct                        20 Oct                       30 Oct                                 11 Nov 
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SUMMARY 

Columbian black-tailed deer (Odocoileus hemionus columbianus) are one of the more difficult 

deer species to study due to their secretive behavior and the densely-vegetated habitat they 

occupy. Consequently, the body of literature on population dynamics is notably lacking for black-

tailed deer relative to other Odocoileus species (Oregon Department of Fish and Wildlife 2008, 

Forrester and Wittmer 2013). In addition to information garnered from annual hunter harvest, 

current harvest management of black-tailed deer populations in Oregon is based on annual indices 

of sex and age class ratios rather than direct estimates of population size or density. 

Understanding basic vital rates (i.e., fecundity, survival) and the factors that influence them, 

including changes in carrying capacity of landscapes due to human development (Bolen and 

Robinson 2003) and other sources of non-hunting mortality (i.e., predation) is crucial for a 

comprehensive understanding of how multiple factors interact to regulate or limit populations 

(Loison and Langvatn 1998). In an effort to investigate the basic biological characteristics of 

black-tailed deer populations, in 1994 the Oregon Department of Fish and Wildlife (ODFW) 

initiated a 6-year radio-telemetry study in Oregon’s south Cascades with the goal of utilizing 

survival rates and information on cause-specific mortality to better inform management decisions 

and address the efficacy of harvest regulations in the region. The objectives of my thesis were to 

conduct an in-depth examination of the data from the South Cascades Black-Tailed Deer 

(SCBTD) Study, using modern analytical techniques to estimate seasonal and annual age- and 

sex-specific survival rates and cause-specific mortality. 

 Variation in survival rates was best explained by an interaction between sex and age class 

(age classes: yearling, 2-year-old, adult). Yearling males had comparable survival rates to females 

in all seasons, but seasonal survival of older males (2-year olds, adults) was substantially lower 

than survival of male yearlings and females in all age classes. Differences of up to 20% between 
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annual survival estimates for yearling vs. 2-year-old males is likely the result of 2-year-olds 

experiencing a significantly higher amount of harvest-related mortality. 

 There was also strong support for variation in survival rates between summer and winter 

seasons across both sexes and all age classes. Winter rates were constant across years and higher 

than summer rates (�̂� = 0.85, 95% CI = 0.24 – 1.46); conversely, summer rates varied by year and 

resulted in fluctuating annual survival rates for both sexes. For adult females, this contrasts with 

generally stable annual survival rates reported for other populations of mule deer (Odocoileus 

hemionus; Forrester and Wittmer 2013, Monteith et al. 2014). However, differences in summer 

survival rates were largely driven by low estimates for the biological years 1995-96 and 1996-97 

(biological year = 1 Jun – 31 May). The only summer season with higher estimates of survival 

than winter survival rates occurred in 1997 (�̂� = 1.018; 95% CI = 0.02 – 2.01). In general, winter 

survival rates were high for females across age classes (0.85 – 0.86) and for yearling males 

(0.85), suggesting that environmental conditions may have been relatively mild for deer 

populations in the region. Observed summer survival rates for both males and females suggest 

that some unknown environmental or biological driver may have had direct or indirect (i.e., 

lagged) effects that resulted in lower survival compared to winter. However, large-scale climate 

indices (SOI, PDO, and PDSI) did not explain any temporal variation in survival rates. Smaller-

scale environmental effects were factors I could not test for with this data set, and results from the 

investigation of large-scale climate patterns do not preclude the possibility that small-scale 

weather patterns may influence survival; particularly given the general latitudinal gradient of 

wetter to drier conditions in the study area and environmental variability (primarily precipitation) 

that occurred across years of the study. 

 Annual survival ranged from 0.47 – 0.76, 0.29 – 0.60, and 0.14 – 0.40 for yearling, 2-

year-old, and adult males, respectively. Annual estimates for females ranged from 0.47 – 0.76, 
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0.46 – 0.75, and 0.44 – 0.74 for yearlings, 2-year olds, and adults, respectively. These results are 

most similar to low survival rates observed for female black-tailed deer in California (0.56 for 

yearlings, 0.77 for deer aged 2 – 7 years; Marescot et al. 2015). The estimated population growth 

rate for deer from the California study suggested strong population declines over time (�̂� = 0.82; 

Marescot et al. 2015). In addition, the highest estimates of survival from my study are comparable 

to, or slightly below the lower range of estimates reported for annual survival in other populations 

of mule and black-tailed deer (McNay and Voller 1995, McCorquodale 1999, Bender et al. 2004, 

Bender et al. 2007, Forrester and Wittmer 2013). In some cases, these other populations were also 

hypothesized to be in decline due to a variety of suspected factors including habitat change, 

seasonal weather patterns and associated forage limitations (S = 0.73 − 0.91, McNay and Voller 

1995; S = 0.63 − 0.91, Bender et al. 2007). Thus, the relatively low and variable female survival 

rates observed in my study are of concern given that fluctuations in female survival have much 

more pronounced effects on population dynamics than variations in male survival (Gaillard et al. 

1998). 

Properties of the data, including low sample sizes for some sex-age classes in some 

intervals and high censoring rates, may be factors that negatively biased my estimates for males 

in particular; however, adult females had consistently sufficient sample sizes over the course of 

the study to generate reliable survival rate estimates and these estimates should be viewed with 

more confidence. In addition, the high survival rates of yearling males with dramatic declines in 

survival once many of these deer became 2-year olds or older suggest estimates from this study 

may accurately reflect the additive effect hunting pressure may have had on 2-year old and adult 

males. It is important to recognize, however, that without a comprehensive modeling framework 

to investigate the relationship between sex- and age-specific demographic parameters (including 

survival, fecundity, and recruitment) and the biotic/abiotic factors that affect these parameters 
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(Gilbert and Raedeke 2004), it is difficult to interpret survival estimates along the context of 

changes in black-tailed deer population dynamics.  

Annual risk of harvest was significantly higher for males (0.16, 95% CI = 0.11 – 0.21) 

compared to females (0.03, 95% CI = 0.01 – 0.05), consistent with my predictions. Annual risk of 

predation was not significantly higher for females (0.05, 95% CI = 0.03 – 0.08) compared to 

males (0.05, 95% CI = 0.02 – 0.08), though females experienced a higher number of predation-

related mortalities (n = 25) compared to males (n = 13). As expected, cougars (Puma concolor) 

were the primary predator of marked black-tailed deer (67% of all mortalities for which the cause 

of predation was definitively known). There was strong evidence that cumulative predation risk 

for females was higher in winter (0.04, 95% CI = 0.02 – 0.06) compared to summer (0.01, 95% 

CI = -0.002 – 0.02), and an increase in cumulative risk from February to May suggests that 

females are more susceptible to predation during these months (McNay and Voller 1995, Hurley 

et al. 2011). A breakdown of cause-specific mortality by male age class during the period of 

highest hunting pressure (the general Cascade rifle season) revealed that 2-year-old males had 

over twice the cumulative risk of legal harvest (0.22, 95% CI = 0.12 – 0.33) compared to adults 

(0.10, 95% CI = 0.04 – 0.15). Low cumulative legal harvest risk for yearlings (0.02, 95% CI = -

0.01 – 0.06) relative to 2-year-olds and adults during the hunting season supports the hypothesis 

that harvest may be an additive source of mortality for deer over 2 years of age. 

 
MANAGEMENT IMPLICATIONS AND FURTHER RESEARCH 

The logistical difficulties of studying black-tailed deer emphasize the need to coordinate research 

efforts on spatial and temporal scales that maintain focus on attaining sufficient sample sizes to 

generate reliable survival rate estimates for groups of interest (sex-age classes, Wildlife 

Management Units, etc.). My results suggest that low survival rates, particularly for non-yearling 

males, might have contributed to the apparent decline of black-tailed deer populations in 
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southwest Oregon observed in the early 1990’s. The cause-specific mortality analysis suggests 

that 2-year-old males sustained a high amount of harvest pressure relative to yearlings and adults, 

and given the trend of successive drops in survival rates of up to 20% between the age classes, the 

possibility exists that overharvest was occurring and likely contributing to low annual survival of 

2-year-old and adult male deer in my sample. It is important to consider, however, that the true 

impact of harvest on population dynamics is unknown without an understanding of the population 

level at which harvest rates begin to tip the scale from removing a harvestable surplus to 

introducing additive effects on annual mortality (Bartmann et al. 1992). It is possible that data 

limitations resulted in negatively biased estimates of seasonal survival rates, and certainly 

precision is low for the point estimates from intervals with low sample sizes (e.g., CV for annual 

survival = 0.11 – 0.29 for 2-year- old males, 0.19 – 0.48 for adult males). However, it is equally 

important to acknowledge that not all data was limited to the same degree and that estimates of 

survival rates for adult females in particular are much more accurate. I also reiterate the 

recommendation that cause-specific mortality rates should be viewed as minimums due to the 

high percentage of deer for which a cause of death could not be determined. 

Links between survival rate estimates and population declines cannot be made without 

additional data collection and a better understanding of population dynamics for black-tailed deer 

in Oregon. Managers have identified fawn recruitment as an important factor in the development 

of management strategies for black-tailed deer populations (Oregon Department of Fish and 

Wildlife 2008), but do not report benchmark fawn:doe ratios (the current index to recruitment) for 

any Wildlife Management Units. Therefore, putting estimates from my study into an appropriate 

population dynamics context is difficult. However, predictive models for other black-tailed or 

mule deer populations can provide some context for my annual estimates of survival for 2-year-

old (0.46 – 0.75) and adult females (0.44 – 0.74). A study on Vancouver Island suggested a 
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minimum annual recruitment rate of 30% from the fawn population was required to stabilize 

populations for adult females experiencing the lower limit of estimated annual survival rates 

(0.73), while holding yearling survival constant at 60% (McNay and Voller 1995). A study in 

northwestern California estimated female survival rates that were comparable to my study for the 

yearling age class in particular (0.56 for yearling females, 0.77 for prime-aged females 2 – 7 

years old, 0.55 for senescent females ≥ 8 years old; Marescot et al. 2015). However, an estimated 

population growth rate (�̂�) of 0.82 indicated a strong population decline despite relatively high 

fecundity rates for adult females (> 85%; note that fecundity, or pregnancy rate, is a different 

metric than recruitment, or proportion of young added to the population at a given time). In some 

years my estimates of annual adult female survival were lower by ~17%, suggesting that even 

given slightly higher yearling survival, and an allowance for decreased survival rates given a 

higher proportion of senescent females in my adult age class, the magnitude of �̂� reported for the 

California population (Marescot et al. 2015) would likely signal population decline to some 

degree in my system (all other demographic parameters being equal). In addition, estimated 

population growth was twice as sensitive to variability in prime-aged adult female survival 

compared to variability in fawn survival and yearling /adult fecundity combined (Marescot et al. 

2015). Though the age composition of adult females and fecundity rates were unknowns in my 

study, this information additionally supports the notion that highly variable adult female survival 

rates may contribute to population declines.   

The results of my analysis must be viewed in a historical context with the understanding 

that landscape dynamics, predator populations, and disease prevalence have evolved in the past 

20 years, and it is more than likely that aspects of black-tailed deer population dynamics have 

changed as well. For instance, deer hair loss syndrome (DHLS) spread from western Washington 

into a wide geographical range in western Oregon around 1996, and state-conducted surveys 
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found an occurrence rate as high as 46% in localized black-tailed deer populations during 2000-

2008 (Oregon Department of Fish and Wildlife 2008). The affliction causes excessive grooming, 

hair loss and potential physiological decline and death in deer (Bildfell et al. 2004). Mortality 

rates among affected wild black-tailed deer are not yet quantified in Oregon, but ODFW 

biologists associated a downward trend in fawn:doe ratios between the mid-1990’s and early 

2000’s with the emergence of the syndrome in some areas (Bildfell et al. 2004). Specific to the 

Pacific Northwest, there is mixed evidence of increased susceptibility of young black-tailed deer 

to DHLS (Bender and Hall 2004, Mooring et al. 2004, Robison 2007, Oregon Department of Fish 

and Wildlife 2008). In late summer and fall 2014, epizootic hemorrhagic disease (EHD) was 

documented in black-tailed deer for the first time in southwestern Oregon, with at least 95 

suspected hemorrhagic disease mortalities and 8 confirmed cases of EHD in black-tailed deer (W. 

Cannaday, Oregon Department of Fish and Wildlife, personal communication).  

Regarding historical context and landscape dynamics, there is a research gap regarding 

how long-term changes in forest management have impacted black-tailed deer populations in the 

Pacific Northwest. Decades of sustained logging followed by a widespread decrease in timber 

harvest practices may be having prolonged effects on black-tailed deer vital rates, and might be 

responsible for the low survival rates of females and male yearlings observed in southwestern 

Oregon in the 1990’s. These effects might also extend to males in older age classes. Although 

harvest is the most likely explanation for the considerable age-specific differences in survival 

rates, habitat change might be an additional factor contributing to low observed survival rates in 

both sexes during some years, independent of age. Black-tailed deer are well-adapted to late-

successional forest habitats (Wallmo 1981) but are known to thrive in early seral environments 

created by logging, fire, or natural processes (Cowan 1945, Hines 1975). The 1972 Oregon Forest 

Practices Act, which mandates replanting of privately-owned stands within 2 years of harvest, 
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was one of the first significant agents of change in forest management policies, and the 

association of declines in black-tailed deer habitat availability with reduced timber harvest on 

Federal lands and changes in silvicultural practices had its beginnings in the 1980’s (Oregon 

Department of Fish and Wildlife 2008). It is important to note that perceived declines in 

southwest Oregon’s deer populations were observed before the implementation of the 1994 

Northwest Forest Plan, which represents the largest shift in the history of Federal land 

management practices in the Pacific Northwest and fundamentally redirected the principal 

management goal for Federal forests from sustained timber harvest to an emphasis on habitat 

conservation and maintenance for late-successional species (Thomas et al. 2006). The agency 

responsible for managing Oregon’s harvestable wildlife populations (ODFW) does not have 

management jurisdiction over the vast majority of public and private lands that these populations 

occupy. Therefore, in addition to identifying targeted research needs for black-tailed deer habitat, 

ODFW must actively pursue cooperative partnerships with land management agencies and 

entities to achieve landscape-scale habitat management goals informed by research.     

Given their historical context, my results cannot be directly applied to current 

management planning for black-tailed deer in the south Cascades, and biologists cannot draw 

conclusions about the current effects of hunting on black-tailed deer populations. However, my 

results represent significant progress towards filling the information gap for basic biological 

parameters of black-tailed deer in this region. Results based on rigorous analytical approaches, 

including estimates of uncertainty, provide a strong baseline for comparison with results from 

currently ongoing research.  In addition, my research can help narrow the focus on aspects of 

black-tailed deer life history that warrant further consideration in future research planning. An 

example is the interesting annual variation in summer survival observed in my analysis for both 

sexes, which  raises interesting questions regarding the environmental factors responsible for 
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variation in summer survival across years, and how this variation may have influenced population 

dynamics. The knowledge that historic summer survival rates for black-tailed deer were best 

modeled as annually fluctuating can direct future research towards the investigation of similar 

temporal trends in current vital rates; more importantly, if it is found that these trends still do 

exist, researchers now have the foresight to plan study efforts accordingly to address the 

prevailingly relevant questions raised by similar findings in the past.  

 In 2011, ODFW initiated a radio-collaring study of black-tailed deer in the north Coast 

Range, and in 2012 radio-collaring efforts began in the mid-Cascade Range. The objectives of 

this study are to determine current vital rates and cause-specific mortality of black-tailed deer and 

compare these rates across different Wildlife Management Units in western Oregon. GPS 

technology is being utilized to obtain several daily locations of collared females for 72-week 

periods, which provides an enormous amount of information to investigate small and large-scale 

movement patterns, habitat use, home range size and survival on small temporal scales (i.e., 

monthly or even weekly or daily). For example, preliminary results suggest an enormous amount 

of variability in seasonal movement patterns, with a majority of deer in the northwestern study 

areas maintaining small, year-round home ranges compared to a mixed-migration strategy in the 

Cascades where migratory deer occupy seasonal ranges separated by as much as 60 linear 

kilometers (D.H. Jackson, Oregon Department of Fish and Wildlife, unpublished data). 

Acquisition of this quantity and quality of data will allow researchers to more thoroughly 

examine potential environmental and behavioral drivers behind black-tailed deer survival rates 

and cause-specific mortality, further contributing to the knowledge base of regional black-tailed 

deer biology and life-history traits and providing further insight into apparent population declines. 

The results of the SCBTD Study from the 1990’s should be viewed with caution in terms of 

applicability to a wider spatial range of black-tailed deer (given a diverse range of habitats; e.g., 
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Cascades vs. the Coast Range); however, in the current study several general capture areas in the 

southernmost portion of the Cascades study units are the same capture areas utilized in the 1990’s 

study. Thus, there is a unique opportunity to compare vital rates and cause-specific mortality for 

deer that existed on the same landscape during time periods separated by twenty years. 

 One of the issues at the heart of understanding the continued apparent decline of black-

tailed deer in western Oregon lies in the need for a statistically valid population estimator. Efforts 

by ODFW have been in progress since 2012 to develop a protocol (sensu Brinkman et al. 2011) 

that can be implemented on a landscape-level to estimate black-tailed deer abundance and 

density. Successful implementation of a population estimator would ideally expand through 

cooperative efforts to other parts of Columbian black-tailed deer range where periodic population 

assessments are needed (currently an extensive proportion of their range). The ability to estimate 

actual deer numbers on the landscape would provide an invaluable source of information to 

managers to be used in combination with harvest statistics, vital rates and non-harvest related 

sources of mortality to effectively assess the effect of liberal (i.e. general season) harvest on 

black-tailed deer population dynamics. Results from this study suggest that male overharvest may 

have been a contributor to black-tailed deer declines, but the impact of low survival rates and 

their relationship with harvest depends on overall population numbers, status of the population 

relative to ecological carrying capacity (Bartmann et al. 1992, Bender et al. 2004b, Gaillard et al. 

2000) and whether my sample was indicative of what was occurring in the true black-tailed deer 

population. Decisions regarding annual harvest regulations are made differently depending on 

whether harvest management strategies assume compensatory vs. additive hunting mortality 

(Bender et al. 2004b). If harvest is determined to be additive, male survival rates and annual 

recruitment rates into the population require more rigorous monitoring in order to maintain 

sustainable harvest (Bender et al. 2004). 
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 In conclusion, additional research is still needed to identify aspects of reproductive 

ecology (fecundity, fawn survival and recruitment), habitat quality, and forage availability, not to 

mention current impacts of predators and disease; all factors that may currently be limiting to 

black-tailed deer populations (Oregon Department of Fish and Wildlife 2008). To address the 

association between habitat quality and current black-tailed deer population trends, it is important 

to investigate individual nutritional status to determine whether observed patterns in vital rates 

and cause-specific mortality reflect current or past environmental conditions (Monteith et al. 

2009, 2014). In addition, more research must be done to understand how future land use and 

climate change might affect habitat quantity, quality and overall carrying capacity of black-tailed 

deer habitat in Oregon (Oregon Department of Fish and Wildlife 2008), and whether current 

management strategies must evolve with these changes to spatially reflect ecologically relevant 

population management. The interactions between all these factors are complex, making it 

difficult to tease apart potential limiting factors which may vary by population (Connolly 1981b, 

Kie and Czech 2000); yet, each step taken narrows the knowledge gap, allowing resource 

managers to accurately measure population parameters and subsequently develop sustainable 

management plans for black-tailed deer across their range.
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