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ABSTRACT A review of the Pennsylvania Game Commission’s (PGC) deer management program and

public concern about predator impacts on deer (Odocoileus virginianus) populations compelled the PGC to
investigate the role of age ratios in developing management recommendations. Age ratios, such as proportion
of juveniles in the antlerless harvest, may provide an index to population productivity and predator impacts.
We estimated proportion of juveniles in the antlerless harvest from hunter-killed deer, population trends
using the Pennsylvania (USA) sex–age–kill model, and reproduction from road-killed females. Using these
estimates and a simulation model, we concluded that no single age-ratio value would serve as a reliable
measure of population status. Wildlife Management Unit-speciﬁc trends in proportion of juveniles in
the antlerless harvest and population trends provided the most relevant management information. We
also provide an example decision chart to guide management actions in response to declining age ratios in
the harvest. Although predator management activities and juvenile survival studies are often desired by the
public, our decision-chart example indicated a number of deer management options exist before investing
resources in predator management activities and juvenile survival studies. Published 2011. This article is
a U.S. Government work and is in the public domain in the USA.
KEY WORDS age ratios, antlerless, black bears, coyotes, harvest, Odocoileus virginianus, Pennsylvania, predators, sex–
age–kill model, white-tailed deer.

The value of age ratios for ungulate management depends on
management objectives and availability of population trend
data (Caughley 1974, McCullough 1994, Bender 2006).
When used properly, age ratios may provide relevant
management data such as adult and juvenile survival
(Bender 2006). However, age ratios alone provide limited
information on population demographics and their use
in herd management decisions is risky (Caughley 1974,
McCullough 1994). The Pennsylvania Game Commission’s
(PGC) deer management program (PA, USA) did not use
age ratios alone for management recommendations for
white-tailed deer (Odocoileus virginianus) but a legislatively
sponsored, external review, and concerns about deer predation, compelled the PGC to investigate potential value of
harvest age ratios to herd management.
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Intentional deer population reductions from 2000 to 2004
caused some sportsmen to express concern about deer population sustainability. Although controversy over PGC deer
management is not new (Kosack 1995, Frye 2006), heightened discontent has led to greater legal and political involvement in deer management. Legally, a sportsmen group ﬁled
an injunction to stop the harvest of antlerless deer during the
2007–2008 hunting seasons because of concerns that the deer
population was below its natural and sustainable level (The
Uniﬁed Sportsmen of Pennsylvania v. The Pennsylvania
Game Commission and the Commissioners of the
Pennsylvania Game Commission, 2007). After 3 years,
this case was dismissed in 2011. Other sportsmen are concerned that deer populations are not sustainable with current
levels of predation. Public comments and presentations at
Board of Game Commissioners meetings have requested
reduced antlerless allocations to counter the perceived impact
of predators on deer populations (Mulhollem 2010a).
Predation concerns have led some members of the Board
of Game Commissioners, the public, and politicians to
461

promote reduced antlerless harvests, recommend juvenile
survival studies, and promote bounties for predators
(Crable 2010, Mulhollem 2010b). Politically, the legislature
approved an independent review of the PGC deer management program motivated in part by sportsmen concerns over
low deer numbers. In 2009, the Legislative Budget and
Finance Committee selected the Wildlife Management
Institute (WMI) to conduct an external review of the
PGC’s deer program (Wildlife Management Institute 2010).
Managing for a sustainable white-tailed deer population
has been a part of the PGC’s policy and deer management
program for decades. Most recently, a facilitated meeting of
public stakeholders independently identiﬁed maintaining
a healthy deer population as a deer management goal. To
measure progress toward the goal of a sustainable deer
population, the PGC monitored population productivity
(i.e., embryos/mature F [>1 yr of age]), disease prevalence,
and population trends.
Following their review, WMI recommended replacing
the measure of embryos per mature female or discontinuing
deer herd productivity assessment (Wildlife Management
Institute 2010). The WMI’s most preferred alternative to
replace the measure of embryos per mature female was
proportion of juveniles (<1 yr of age) in the antlerless harvest
(Wildlife Management Institute 2010). The reasons WMI
recommended replacing or discontinuing use of embryos per
mature female were that embryos per mature female did not
appear sensitive to differences in deer population and habitat
characteristics, and there were inadequate annual sample
sizes for all age classes in 22 Wildlife Management Units
(WMUs). As a result, the PGC assessed reproductive data
using a 3-yr running average. Larger annual sample sizes for
proportion of juveniles in the antlerless harvest were available
by WMU, such that inadequate sample sizes were not an
issue.
Proportion of juveniles in the antlerless harvest also may
provide an index to predator impacts on deer populations
(Williamson 2003, Kilgo et al. 2010). Predators kill most
white-tailed deer during the ﬁrst 3 months of life (Ballard
et al. 2001). In Pennsylvania, coyotes (Canis latrans) and
black bears (Ursus americanus) killed similar numbers of
fawns, but predator-caused mortalities of deer older than
3 months were rarely observed (Vreeland et al. 2004, Keenan
2010, Norton et al. 2012). Consequently, collecting data on
the proportion of juveniles in the antlerless harvest when
deer are >3 months of age may provide an index to recruitment after most predator-caused mortalities have occurred.
Pennsylvania Game Commission staff annually evaluates
progress toward management goals. Each management goal
has a quantitative objective that deﬁnes goal achievement.
For example, an average of 1.50 embryos per mature female
was an objective for the deer health goal. Following ﬁeld
data analysis, PGC staff develops deer management
recommendations. The primary method of adjusting deer
populations is through a WMU-speciﬁc antlerless allocation
that is distributed on a ﬁrst-come, ﬁrst-served basis.
Staff recommendations are presented to a Board of Game
Commissioners that has decision-making authority. The
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Board of Game Commissioners is not obligated to follow
staff recommendations.
We evaluated proportion of juveniles in the antlerless
harvest as a new decision criterion for deer management
in Pennsylvania because of the program review by WMI
and predation concerns expressed by the public. Our objectives were to: 1) identify an appropriate objective for proportion of juveniles in the antlerless harvest, and 2) describe how
proportion of juveniles in the antlerless harvest could be used
when making population management recommendations to
address both biological and social considerations.

STUDY AREA
Pennsylvania was approximately 116,000 km2. Pennsylvania’s
climate varied across the state with warm, humid summers
and cold, snowy winters. Landcover, although variable, was
predominantly forested with Appalachian oak forests in most
areas and northern hardwood forests in the north. Forests
were dominated by oak (Quercus spp.), maple (Acer spp.),
birch (Betula spp.), American beech (Fagus grandifolia),
black cherry (Prunus serotina), and hickory (Carya spp.).
Primary predators of white-tailed deer included coyotes
(Canis latrans), black bears (Ursus americanus), and bobcats
(Lynx rufus) (Vreeland et al. 2004). Deer management
recommendations were based on data collected in
22 WMUs distributed among 5 physiographic provinces
(Fig. 1). Within physiographic provinces, WMUs were areas
with easily described boundaries and contained relatively
homogeneous percent forest cover, percent public lands,
and human population density. To achieve adequate samples
size for data collected by WMU, such as harvest data, the
number of WMUs was limited to 22. Wildlife Management
Units ranged in area from 2,170 km2 to 10,696 km2.
We limited our analysis to 19 WMUs because we did not
estimate population size for 3 WMUs (2B, 5C, and 5D) that

Figure 1. Pennsylvania’s Wildlife Management Units (WMUs) in
Pennsylvania, USA. WMUs 1A–B represent the northwest glaciated plateaus units. WMUs 2A–G represent the nonglaciated Allegheny plateaus
units. WMUs 3A–D represent the northeast glaciated plateaus units.
WMUs 4A–E represent the ridge and valley units. WMUs 5A–D represent
the piedmont units. WMUs 2B, 5C, and 5D contain the cities and immediate suburbs of Pittsburgh and Philadelphia and were not included in this
analysis.
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encompassed Pittsburgh and Philadelphia and immediately
surrounding areas (Norton et al. 2012).

METHODS
Proportion of Juveniles in the Antlerless Harvest
Annually, PGC personnel examined deer harvested by
hunters during the 12-day modern ﬁrearms deer season
and recorded sex, age, kill location (WMU, county, and
township), and hunting license number. Data were collected
by 33 teams of trained personnel that visited businesses
throughout the state that processed deer. We used these
data to estimate deer harvests and demographics of harvest
(Rosenberry et al. 2004). During the hunting season, we aged
deer as juveniles (<1 yr of age), subadult (1.5 yr of age), or
adult (>1.5 yr of age) using tooth wear and replacement
(Severinghaus 1949). To ensure accuracy of ages, PGC
personnel completed training and testing every 3 yr.
We used these data to estimate the proportion of juveniles
in the antlerless harvest ðp^J Þ as
p^J ¼

J
J þF

where J is the number of juveniles and F is the number of
mature females (>1 yr of age).
Population Trends
We used population estimates from a modiﬁed sex–age–
kill (SAK) model to monitor population trends. The
Pennsylvania modiﬁcation to the SAK model (hereafter,
PASAK) differs from traditional SAK models when estimating the number of mature males (>1 yr of age) in the
population. Because of selective antlered deer harvest, we
estimated mature male populations using different harvest
rates for subadult (1.5 yr of age) and adult (>1.5 yr of age)
male deer (Norton et al. 2012). We estimated harvest rates
from an empirical relationship between harvest rates and
hunter effort statistics (Norton et al. 2012).
We estimated the adult male population ðN^AM Þ as
K^AM
N^AM ¼
H^AM
where K^AM was the estimated adult male harvest and H^AM
was the estimated adult male harvest rate. We estimated the
subadult male population as
K^YM
N^YM ¼
H^YM
where K^YM was the estimated subadult harvest and H^ YM was
the estimated subadult harvest
rate. We estimated the mature

male population N^Antld as
N^Antld ¼ N^AM þ N^YM
We estimated sex- and age-speciﬁc deer harvests (K) for each
WMU using a Lincoln–Petersen estimator corrected for
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small sample size (Chapman 1951),
ðn1 þ 1Þðn2 þ 1Þ
1
K^ ¼
ðm2 þ 1Þ
where n1 is the number of harvested deer checked in the ﬁeld,
n2 is the number of harvested deer reported by hunters, and
m2 is the number of harvested deer checked by PGC personnel and reported by hunters (Rosenberry et al. 2004).
Harvested deer were reported by hunters, who are required to
report any legal deer harvest by mail or Internet.
After we estimated the mature male population,
the PASAK model followed standard SAK methods.
Speciﬁcally, we used mature female:mature male ratios
ðp^F:M Þ and juvenile:mature
female ratiosðp^J:AF Þ to estimate

mature female N^F and juvenile N^J population sizes,
respectively as:
N^F ¼ N^Antld  p^F:M

N^J ¼ N^F  p^J:F
where we estimated p^F:M by dividing the proportion of
subadult males in the mature male population ðp^YM:Antld Þ,
p^YM:Antld ¼

N^YM
N^AM þ N^YM

by the proportion of subadult females in the mature female
population ðp^YF:F Þ obtained from harvest data (Severinghaus
and Maguire 1955):
p^F:M ¼

p^YM:Antld
p^YF:F

We estimated the juvenile population using harvest juvenile:
mature female ratios. This direct input was recommended by
WMI (Wildlife Management Institute 2010) to replace a
more complex correction-factor calculation (Norton 2010).
We quantiﬁed precision of the PASAK model using a
Monte Carlo parametric bootstrapping method (Efron
1979) similar to Millspaugh et al. (2007). We conducted
1,000 Monte Carlo bootstraps of the empirical data to
generate 1,000 population estimates from a random selection
of the data taken with replacement. A fundamental assumption of the parametric bootstrap is that each parameter is
assumed to have some underlying distribution with a speciﬁc
mean and variance (Millspaugh et al. 2007). Because all
PASAK model parameters were constrained between 0
and 1, we conducted the bootstrap using either a binomial
distribution, b(n,p), or a beta distribution, beta(m,d2), based
on empirical data collected by the PGC (Norton 2010).
Precision of population estimates was the standard deviation
of the replicate simulation estimates of N and 90% conﬁdence intervals were estimated from the 5th and 95th percentiles of simulation estimates of N. Also, we calculated the
^ N^Þ=N^  100%. We used
coefﬁcient of variation (CV) as SEð
SAS (SAS Institute, Inc., Cary, NC) to estimate population
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size and precision for each WMU in Pennsylvania from 2004
to 2009.
Reproductive Data
Annually, PGC personnel examined female deer killed on
highways or by other causes to determine pregnancy status
and count fetuses from 1 February to 31 May. They recorded
location (county, township, and WMU), date killed, cause of
death, and number and sex of embryos for each doe on a
form attached to a deer-jaw envelope. One side of the
lower jaw was removed from each deer for age determination.
We aged all jawbones using replacement-and-wear technique (Severinghaus 1949). From these data, we determined
embryos per mature female including pregnant and nonpregnant females.
We selected a reproduction objective of 1.50 embryos per
mature female. The value of 1.50 was chosen for a number of
reasons. First, 1.50 embryos per mature female corresponds
to a population at maximum sustained yield based on a
Generalized Sustained Yield table derived by Downing
and Guynn (1985). Second, other research studies support
the conclusions based on the Generalized Sustained Yield
table. Numerous studies from across the United States and
Canada show that a value of 1.50 embryos per mature female
represents the middle ground between deer with low and
high nutrition (Cheatum and Severinghaus 1950, Verme
1969, McCullough 1979). Finally, a target of 1.50 embryos
per mature female was achievable for WMUs in
Pennsylvania. Studies used to assess the suitability of 1.50
embryos per mature female come from states including
Michigan, Ohio, New York, and Pennsylvania (USA)
and provinces including Manitoba (Canada; Cheatum
and Severinghaus 1950, Ransom 1967, Verme 1969,
McCullough 1979, Stoll and Parker 1986).
Establishing an Objective
An age ratio objective could be deﬁned by a single threshold
value or trend analysis of proportion of juveniles in the
antlerless harvest. We used a simple model to evaluate the
practicality of a single threshold value of proportion of
juveniles in the antlerless harvest for all WMUs by estimating a critical value of proportion of juveniles in the antlerless
harvest that resulted in a sustainable population. We limited
our evaluation to mature females and juveniles because they
met our deﬁnition of antlerless harvest. Our model began
with the fawning season population of mature females and
newborn fawns. We then calculated the prehunt population
using fawning season population and survival rates. Next, we
calculated the posthunt population using the prehunt population and harvest rates, and then calculated the next year’s
fawning season population using the posthunt population,
survival rates, and reproductive data. We repeated these steps
for a 5-yr period to evaluate population stability.
We used information from a generalized sustained yield
table (Downing and Guynn 1985) and initiated the model
using age and sex composition of a population at 60% of
maximum abundance. We chose this level of population
abundance because it was comparable to most WMUs in
Pennsylvania based on mature female reproductive rates of
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1.50 embryos per mature female (Rosenberry et al. 2010).
We applied mature female survival rates proportionately
across the year because we have observed little variation in
monthly survival rates outside the hunting seasons (Norton
2010). For juveniles, we varied the summer survival rate from
0.10 to 1.00 in increments of 0.05. We also varied antlerless
harvest rate, assumed to be equal for all antlerless deer, from
0.00 to 0.25. We chose these harvest rates because they
represent a range of values consistent with those who
want no antlerless hunting (0.00 harvest rate) and observed
harvest rates from ﬁeld studies in Pennsylvania under current
regulations (Keenan 2010, Norton 2010). Prior to the start of
the next year, we divided the juvenile population in half to
represent a 50:50 sex ratio (PGC, unpublished data). Half of
the juvenile population advanced into the subadult female
class. Subadult males were removed from the simulation
because they no longer met our deﬁnition of antlerless
deer. Although male births may occur more frequently at
this population level (Downing and Guynn 1985), male
juveniles also occur more frequently in antlerless harvests
(Rosenberry et al. 2010). We used the model to identify the
point at which the population remained stable or increased
above its initial level.
Data Analyses
For proportion of juveniles in the antlerless harvest, PASAK
population estimates, and embryos per mature female, we
estimated measures of precision (variance, SE, and coefﬁcient of variation [CV]) for each WMU, 2004–2009. This
6-yr period is comparable to the time interval considered
when assessing deer population trends for management
purposes. We did not use the arcsine transformation because
p^J ranged from 0.30 to 0.70 (Sokal and Rohlf 1987, Zar
1999). We evaluated trends using a nonparametric Mann–
Kendall test (Thompson et al. 1998). Although the Mann–
Kendall test may not be as efﬁcient as parametric tests
because it uses ranks instead of point estimates to calculate
its test statistic (S), we chose to use it because 1) it does not
require difﬁcult assumptions found in regression methods
(Thompson et al. 1998), and 2) it is a test used by PGC
biologists when making management recommendations because it is simpler and easier to explain to the public and
decision-makers. We use the term ‘‘stable’’ to indicate a trend
in population estimates and proportions of juveniles in the
antlerless harvest that is neither increasing nor decreasing.
We assumed statistical signiﬁcance when a  0.05.
To assess deer health, we compared observed embryos per
mature female to our value of 1.50 embryos per mature
female using a 2-tailed t-test (SAS UNIVARIATE; SAS
Institute, Inc. 1989). We set a ¼ 0.05. Although count data
with upper truncation—such as embryos per mature female
that can only be 0, 1, 2, 3, or 4 embryos per mature female—
may be assumed to follow a Poisson distribution, procedures
based on normal distributions have performed satisfactorily
in simulations (McDonald and White 2010). If mean embryos per mature female was 1.50, we considered female
productivity to be acceptable. Likewise, if the mean embryos
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per mature female was <1.50, we considered female productivity to be unacceptable.

RESULTS
Harvest, Population Trends, and Reproduction
The proportion of juveniles in the antlerless harvest
remained stable in all WMUs from 2004 to 2009
(Table 1). Annual sample sizes averaged 370 juveniles
(range ¼ 73–821) and 539 (range ¼ 94–1,199) mature
females in each WMU and provided precise estimates of
the proportion of juveniles in the antlerless harvest
(CV  10%; Fig. 2). Among WMUs, mean proportion of
juveniles in the antlerless harvest ranged from 0.34 to 0.46
(Table 1). Deer population trends remained stable in all
WMUs from 2004 to 2009 (Table 2). The majority of
WMU deer population estimates possessed CVs of 20%
(Fig. 3). Wildlife Management Unit deer populations
achieved reproduction objectives from 2004 to 2009.
During this time, we assessed 4 3-yr data sets. In 2 instances
(WMU 2C in 2004–2006 and WMU 3D in 2007–2009),
reproduction was signiﬁcantly below the target of 1.50 embryos per mature female (Table 3). All other WMU reproductive assessments did not differ from, or exceeded, 1.50
embryos per mature female. Pooled estimates were precise
for each WMU (Fig. 4).

Figure 2. Distribution of coefficients of variation of Wildlife Management
Unit (WMU) estimates of proportion of white-tailed deer fawns in the
antlerless harvest for 6 yr, Pennsylvania, USA, 2004–2009.

Establishing an Objective
Based on our simulation model, a single value of proportion
of juveniles in the antlerless harvest was inadequate as a
measure of population status. With variable antlerless harvest
rates and juvenile summer survival rates, the proportion of
juveniles in the antlerless harvest needed to sustain a population varied from 0.23 to 0.51 (Table 4). If juvenile summer
survival rate was held constant at 45%, which was similar to
the lowest observed survival rate in Pennsylvania (i.e., 46%;

A single objective value for proportion of juveniles in the
antlerless harvest cannot be interpreted to suggest a particular management response. Depending on juvenile survival
and antlerless harvest rates, the proportion of juveniles in a
population with a stable trend could vary substantially, and a
single threshold value of proportion of juveniles in the
population could correspond to increasing, decreasing, or
stable deer population trend. These results agree with previous studies that population trend information is needed to

Table 1. Mean and range of proportion of juvenile white-tailed deer
in antlerless harvest ð p^J Þ, Mann–Kendall statistic (S ), and associated
probability (P) of observing a value as extreme as S by Wildlife
Management Unit (WMU), Pennsylvania, USA, 2004–2009.

Table 2. Mean Pennsylvania modification to the sex–age–kill model
population estimates for white-tailed deer, Mann–Kendall statistic (S),
and associated probability ðPÞ of observing a value as extreme as S, by
Wildlife Management Unit (WMU), Pennsylvania, USA, 2004–2009.

WMU
1A
1B
2A
2C
2D
2E
2F
2G
3A
3B
3C
3D
4A
4B
4C
4D
4E
5A
5B

Mean

Range

S

P

0.46
0.42
0.39
0.44
0.44
0.41
0.37
0.35
0.37
0.39
0.36
0.34
0.37
0.42
0.42
0.37
0.45
0.43
0.44

0.44–0.48
0.40–0.44
0.35–0.43
0.41–0.49
0.39–0.47
0.37–0.50
0.34–0.40
0.31–0.38
0.33–0.42
0.35–0.43
0.31–0.39
0.32–0.36
0.34–0.41
0.38–0.44
0.41–0.44
0.31–0.42
0.43–0.46
0.37–0.47
0.42–0.48

3
1
1
3
7
1
7
9
3
1
1
3
1
1
1
9
3
11
1

0.720
1.000
1.000
0.720
0.272
1.000
0.272
0.136
0.720
1.000
1.000
0.720
1.000
1.000
1.000
0.136
0.720
0.056
1.000

Rosenberry et al.  Antlerless Age Ratios

Vreeland et al. 2004), the proportion of juveniles in the
antlerless harvest also remained constant, but the population
trend varied according to antlerless harvest rate. The population increased when antlerless harvest rate was 0.10. The
population decreased when the antlerless harvest rate was
0.15.

DISCUSSION

WMU
1A
1B
2A
2C
2D
2E
2F
2G
3A
3B
3C
3D
4A
4B
4C
4D
4E
5A
5B

Mean

S

P

75,651
82,756
82,671
133,019
108,453
50,896
81,519
80,242
43,423
63,411
79,744
46,923
42,223
45,589
47,322
55,434
59,201
30,742
121,650

1
3
3
3
1
3
5
3
9
5
1
11
7
3
11
3
7
5
9

1.000
0.720
0.720
0.720
1.000
0.720
0.470
0.720
0.136
0.470
1.000
0.056
0.272
0.720
0.056
0.720
0.272
0.470
0.136
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Figure 3. Distribution of coefficients of variation of Wildlife Management
Unit (WMU) white-tailed deer population estimates for 6 yr, Pennsylvania,
USA, 2004–2009.

Figure 4. Distribution of coefficients of variation of Wildlife Management
Unit estimates of white-tailed deer embryos per mature female for 6 yr,
Pennsylvania, USA, 2004–2009.

interpret age ratios properly (Caughley 1974, McCullough
1994).
Use of a single objective value for all WMUs also ignores
variation in deer population dynamics. In Pennsylvania, all
WMU populations were stable and all but one WMU met
embryo-per-mature female objectives, indicating healthy and
sustainable deer populations by our deﬁnitions. However, the
proportion of juveniles in the antlerless harvests varied from
0.34 to 0.46. As a result, there was no single value that would
indicate a healthy and sustainable population. Establishing
an objective based on a WMU-speciﬁc trend of proportion of
juveniles in the antlerless harvest is more appropriate than a
single value.
Many variables could explain why healthy and sustainable
deer populations showed variation in proportion of juveniles
in the antlerless harvest. In our simulation, the proportion of
juveniles in the antlerless harvest accurately reﬂected the

composition of our simulated population. However, variations in deer and hunter behavior may affect proportion of
juveniles in the antlerless harvest (Coe et al. 1980, Roseberry
and Woolf 1991). In addition, the growing popularity
of Quality Deer Management with its emphasis on not
shooting juveniles (Hamilton et al. 1995) can further affect
representativeness of harvest age ratios.
Biological factors, including reproduction and survival
of juveniles and mature females, may vary by WMU and
affect proportion of juveniles in the antlerless harvest. In
Pennsylvania and other areas, reproduction varies little across
a range of habitats and population densities (Downing and
Guynn 1985, this study). Mature females also experience
high survival rates outside of the hunting seasons (Downing
and Guynn 1985, Van Deelen et al. 1997, Ricca et al. 2002,
Brinkman et al. 2004, Norton 2010). However, we have
observed differences in fawn survival and predator impacts
between parts of WMUs 2G and 4D in Pennsylvania
(Vreeland et al. 2004). Consequently, proportion of juveniles
in the antlerless harvest may provide an informative index to
recruitment and potential predator impact.
Despite potential value of proportion of juveniles in the
antlerless harvest as an index to recruitment and predator
impacts, population trends should take precedence to support
management actions. If the population trend is meeting
objective despite changes in proportion of juveniles in the

Table 3. Sample sizes of mature female white-tailed deer collected and
mean number of embryos per mature female of 3-yr pooled data sets by
Wildlife Management Unit (WMU), Pennsylvania, USA, 2004–2009.
2004–2006

2005–2007

2006–2008

2007–2009

WMU

N

Mean

N

Mean

N

Mean

N

Mean

1A
1B
2A
2C
2D
2E
2F
2G
3A
3B
3C
3D
4A
4B
4C
4D
4E
5A
5B

57
62
66
86
44
16
48
62
36
49
33
80
79
28
19
67
30
14
38

1.58
1.77
1.55
1.29
1.75
1.63
1.42
1.58
1.50
1.61
1.45
1.36
1.58
1.68
1.58
1.52
1.73
1.36
1.47

77
59
86
116
87
18
66
40
28
57
35
73
96
50
45
64
34
22
55

1.52
1.75
1.45
1.40
1.60
1.67
1.41
1.68
1.61
1.40
1.57
1.37
1.56
1.50
1.42
1.58
1.71
1.64
1.58

81
54
77
130
100
28
82
39
23
64
31
73
97
51
53
72
50
36
59

1.49
1.67
1.38
1.58
1.65
1.86
1.56
1.74
1.78
1.36
1.55
1.41
1.47
1.51
1.43
1.69
1.82
1.67
1.69

113
66
92
139
110
41
111
57
41
79
69
113
111
76
60
83
68
38
64

1.65
1.71
1.48
1.67
1.67
1.71
1.60
1.63
1.68
1.48
1.42
1.33
1.55
1.58
1.50
1.57
1.66
1.61
1.78
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Table 4. Results of simulation model showing antlerless harvest rates, fawn
survival rates, and proportion of fawns in the prehunt antlerless population
necessary to achieve a stable population of white-tailed deer, in Pennsylvania,
USA. With given antlerless harvest rates, the populations declined when fawn
survival was less than value in table.
Antlerless
harvest
rate
0.00
0.05
0.10
0.15
0.20
0.25

Fawn
survival

Proportion of fawns
in antlerless
population

0.20
0.30
0.40
0.55
0.75
0.95

0.23
0.29
0.35
0.41
0.47
0.51
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antlerless harvest, then no management action may be
required. This is the case in Pennsylvania, where proportions
of juveniles in the antlerless harvest range from 0.34 to 0.46,
but population trends are stable and consistent with deer
management objectives.
Although population trends may take precedence, including proportion of juveniles in the antlerless harvest as a
management consideration has advantages. First, proportion
of juveniles in the antlerless harvest can inform managers of
possible causes if population declines are observed. Second,
effective wildlife management must be based on sound
science, but also must be communicated to, and understood
by, the public. In this regard, proportion of juveniles in the
antlerless harvest has an advantage over population trend
information. Proportion of juveniles in the antlerless harvest
is a simple count that is easier to explain than population
estimates and models. Also, proportion of juveniles in the
antlerless harvest comes directly from hunter experience
and success in the ﬁeld. As a result, public acceptance and
understanding may be greater for simple counts than more
complex population models.
The challenge for deer managers is to identify the correct
management response when proportion of juveniles in the
antlerless harvest changes. Unfortunately, managers may not
have complete data on hunter behavior and the biological
variables that inﬂuence proportion of juveniles in the antlerless harvest. Managers also may experience public pressure
to implement predator controls or conduct ﬁeld studies of
juvenile survival, which may not be the most efﬁcient use of
resources. A step-by-step decision process that prioritizes
management data and actions can assist managers in making
the most effective recommendations.
We present an example of a decision chart to incorporate
proportion of juveniles in the antlerless harvest into deer and
predator management recommendations (Fig. 5). For
simplicity and because the negative impact of predators is
a motivating issue in Pennsylvania and other states, we
began the decision chart with the question of whether the
proportion of juveniles in the antlerless harvest is decreasing.
If the proportion of juveniles in the antlerless harvest is
decreasing, the next step must look at deer population trends
in relation to population objectives. This ensures a management recommendation is based on corroborating information (i.e., population trend) and not solely on an index (i.e.,
proportion of juv in the antlerless harvest).
If the population is below objective; reproduction, mortality, or both may be causing the low population. White-tailed
deer show a broad plateau in reproductive output across a
range of population densities and environmental conditions
(Downing and Guynn 1985, this study). In Pennsylvania and
other areas, hunting causes a majority of the mortality in
hunted populations (Nixon et al. 1991, Brinkman et al. 2004,
Keenan 2010, Norton 2010) and can be directly affected by
reducing antlerless hunting opportunities. As a result, reducing antlerless hunting opportunities would be the ﬁrst
management action taken to increase population abundance.
Assessment of reproduction would follow at some time
depending on whether the population responds to reduced
Rosenberry et al.  Antlerless Age Ratios

Figure 5. An example of a decision chart to guide management responses to
changes in proportion of juvenile white-tailed deer in the antlerless harvest,
Pennsylvania, USA.

harvest, signiﬁcance of population declines, and available
funding to collect reproductive data.
In our example, juvenile survival studies and predator
management are considered at the end of the decision chart.
Although predator management actions and juvenile deer
survival studies are often desired by the public (Mulhollem
2010c), our example demonstrates a number of management
considerations and actions that can be taken prior to addressing real or perceived predator impacts.

MANAGEMENT IMPLICATIONS
Proportion of juveniles in the antlerless harvest provides 1)
an informative index when combined with population trend
data (Caughley 1974, McCullough 1994, this study), and 2)
simple count data that may be more understandable than
population estimates generated from complicated models. If
proportion of juveniles in the antlerless harvest is used to
assess potential factors affecting deer population dynamics,
monitoring trends provides more management-unit-speciﬁc
information than does establishing a single objective value.
As predators gain more attention in the eastern United
States (e.g., Kilgo et al. 2010) state agencies will continue to
be questioned about the inﬂuence of predators on deer
populations. Although predator management activities and
juvenile survival studies are often desired by the public, our
467

decision chart example indicated a number of deer management options exist before resorting to investing resources in
predator management activities and juvenile survival studies.

ACKNOWLEDGMENTS
We thank the PGC personnel who collected harvest age
data. We thank the following organizations who provided
ﬁnancial assistance to ﬁeld research that supported development and reﬁnements to the PASAK model: Audubon
Pennsylvania, Lehigh Valley Chapter of Safari Club
International, National Fish and Wildlife Foundation,
Pennsylvania Deer Association, Pennsylvania Department
of Conservation and Natural Resources, Quality Deer
Management Association and numerous local branches. We
thank J. Dunn, B. Eyler, W. Tzilkowski, S. Williamson,
and anonymous reviewers for constructive comments that
improved this manuscript. Use of trade names does not imply
endorsement by the federal government.

LITERATURE CITED
Ballard, W. B., D. Lutz, T. W. Keegan, L. H. Carpenter, and J. C. deVos, Jr.
2001. Deer–predator relationships: a review of recent North American
studies with emphasis on mule and black-tailed deer. Wildlife Society
Bulletin 29:99–115.
Bender, L. C. 2006. Uses of herd composition and age ratios in ungulate
management. Wildlife Society Bulletin 34:1225–1230.
Brinkman, T. J., J. A. Jenks, C. S. DePerno, B. S. Haroldson, and R. G.
Osborn. 2004. Survival of white-tailed deer in an intensively farmed region
of Minnesota. Wildlife Society Bulletin 32:726–731.
Caughley, G. 1974. Interpretation of age ratios. Journal of Wildlife
Management 38:557–562.
Chapman, D. G. 1951. Some properties of the hypergeometric distribution
with applications to zoological censuses. University of California
Publications on Statistics 1:131–160.
Cheatum, E. L., and C. W. Severinghaus. 1950. Variations in fertility of
white-tailed deer related to range conditions. Transactions of the North
American Wildlife Conference 15:170–190.
Coe, R. J., R. L. Downing, and B. S. McGinnes. 1980. Sex and age bias
in hunter-killed white-tailed deer. Journal of Wildlife Management 44:
245–249.
Crable, A. 2010. New howls of protest over the coyote. Intelligencer Journal.
23 March 2010. <http://lancasteronline.com/article/local/250187_
OUTDOORS--New-howls-of-protest-over-the-coyote.html>. Accessed
1 Jul 2011.
Downing, R. L., and D. C. Guynn, Jr. 1985. A generalized sustained yield
table for white-tailed deer. Pages 95–103 in S. L. Beasom and S. F.
Roberson, editors. Game harvest management. Caesar Kleberg Wildlife
Research Institute, Kingsville, Texas, USA.
Efron, B. 1979. 1977 Rietz lecture—bootstrap methods—another look at
the jackknife. Annals of Statistics 7:1–26.
Frye, B. 2006. Deer wars: science, tradition, and the battle over managing
whitetails in Pennsylvania. Penn State Press, University Park,
Pennsylvania, USA.
Hamilton, J., W. M. Knox, and D. C. Guynn, Jr. 1995. Harvest strategies.
Pages 47–57 in K. V. Miller and R. L. Marchinton, editors. Quality
whitetails: the why and how of quality deer management. Stackpole,
Mechanicsburg, Pennsylvania, USA.
Keenan, M. T. 2010. White-tailed deer harvest rate and hunter distribution.
Thesis, The Pennsylvania State University, University Park, USA.
Kilgo, J. C., H. S. Ray, C. Ruth, and K. V. Miller. 2010. Can coyotes affect
deer populations in Southeastern North America? Journal of Wildlife
Management 74:929–933.
Kosack, J. 1995. The Pennsylvania Game Commission 1895–1995.
Pennsylvania Game Commission, Harrisburg, USA.
McCullough, D. R. 1979. The George Reserve deer herd: population
ecology of a K-selected species. University of Michigan Press, Ann
Arbor, USA.
468

McCullough, D. R. 1994. What do herd composition counts tell us?
Wildlife Society Bulletin 22:296–300.
McDonald, T. L., and G. C. White. 2010. A comparison of regression
models for small counts. Journal of Wildlife Management 74:514–521.
Millspaugh, J. J., M. S. Boyce, D. R. Diefenbach, L. P. Hansen, K.
Kammermeyer, and J. R. Skalski. 2007. An evaluation of the SAK model
as applied in Wisconsin. Technical Report submitted to the Wisconsin
Department of Natural Resources, Madison, USA.
Mulhollem, J. 2010a. Coyotes blamed for limiting deer numbers.
Pennsylvania Outdoor News 7(3):1.
Mulhollem, J. 2010b. PGC may cut doe seasons in 4 units. Pennsylvania
Outdoor News 7(4):1.
Mulhollem, J. 2010c. Expert: coyotes getting a bad rap. Pennsylvania
Outdoor News 7(7):1.
Nixon, C. M., L. P. Hansen, P. A. Brewer, and J. E. Chelsvig. 1991. Ecology
of white-tailed deer in an intensively farmed region of Illinois. Wildlife
Monographs 118.
Norton, A. S. 2010. An evaluation of the Pennsylvania sex–age–kill model
for white-tailed deer. Thesis, The Pennsylvania State University,
University Park, USA.
Norton, A. S., D. R. Diefenbach, B. D. Wallingford, and C. S. Rosenberry.
2012. Spatio-temporal variation in male white-tailed deer harvest rates in
Pennsylvania: Implications for estimating abundance. Journal of Wildlife
Management 76:136–143.
Ransom, A. B. 1967. Reproductive biology of white-tailed deer in Manitoba.
Journal of Wildlife Management 31:114–123.
Ricca, M. A., R. G. Anthony, D. H. Jackson, and S. A. Wolfe. 2002.
Survival of Columbian white-tailed deer in western Oregon. Journal of
Wildlife Management 66:1255–1266.
Roseberry, J. L., and A. Woolf. 1991. A comparative evaluation of techniques for analyzing deer harvest data. Wildlife Monographs 117.
Rosenberry, C. S., D. R. Diefenbach, and B. D. Wallingford. 2004.
Reporting rate variability and precision of white-tailed deer harvest
estimates in Pennsylvania. Journal of Wildlife Management 68:858–867.
Rosenberry, C. S., B. D. Wallingford, and J. T. Fleegle. 2010. Deer health,
forest habitat health, deer harvests, and deer population trends by wildlife
management unit. Pennsylvania Game Commission, Harrisburg, USA.
SAS Institute, Inc. 1989. SAS/STAT1 user’s guide, version 6. Fourth
edition, Volume 2. SAS Institute, Cary, North Carolina, USA.
Severinghaus, C. W. 1949. Tooth development and wear as criteria of age in
white-tailed deer. Journal of Wildlife Management 13:195–216.
Severinghaus, C. W., and H. F. Maguire. 1955. Use of age composition data
for determining sex ratios among adult deer. New York Fish and Game
Journal 2:242–246.
Sokal, R. R., and F. J. Rohlf. 1987. Introduction to biostatistics. Second
edition. W.H. Freeman and Company, New York, New York, USA.
Stoll, R. J., and W. P. Parker. 1986. Reproductive performance and
condition of white-tailed deer in Ohio. Ohio Journal of Science 86:
164–168.
Thompson, W. L., G. C. White, and C. Gowan. 1998. Monitoring vertebrate populations. Academic Press, San Diego, California, USA.
Van Deelen, T. R., H. Campa, III, J. B. Hauﬂer, and P. D. Thompson.
1997. Mortality patterns of white-tailed deer in Michigan’s Upper
Peninsula. Journal of Wildlife Management 61:903–910.
Verme, L. J. 1969. Reproductive patterns of white-tailed deer related to
nutritional plane. Journal of Wildlife Management 33:881–887.
Vreeland, J. K., D. R. Diefenbach, and B. D. Wallingford. 2004. Survival
rates, mortality causes, and habitats of Pennsylvania white-tailed deer
fawns. Wildlife Society Bulletin 32:542–553.
Wildlife Management Institute. 2010. The deer management program of
the Pennsylvania Game Commission: a comprehensive review and evaluation. The Wildlife Management Institute, Washington, D.C., USA.
<http://lbfc.legis.state.pa.us/reports/2010/43.PDF>. Accessed 22 Oct
2010.
Williamson, S. 2003. White-tailed deer harvest management and
goal setting in the northeast. The Wildlife Management Institute,
Washington, D.C., USA.
Zar, J. 1999. Biostatistical analysis. Fourth edition. Prentice Hall, Upper
Saddle River, New Jersey, USA.
Associate Editor: Applegate.
Wildlife Society Bulletin  35(4)

