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ABSTRACT Jacobson et al.’s (1997) individual branch-antlered male (IBAM) method is a popular camera
technique for estimating white-tailed deer (Odocoileus virginianus) abundance. Demographic ratios are
estimated from raw photographic occurrences (RPO) of males, females, and fawns. Point abundance
estimates of each group are estimated by using said ratios to extrapolate from a count of uniquely identifiable
males. In 2009, using camera-trap data from theMianus River Gorge Preserve (NY), we modified the IBAM
technique to 1) generate measures of uncertainty for parameter estimates via bootstrapping camera stations,
and 2) address the concern that RPO ratios may be biased if groups of animals differ in their probability of
being photographed (e.g., trap success [TS]). For each sex–age group, we evaluated RPO as a function of TS
using linear regression to generate photographic counts standardized by TS (standardized photographic
occurrences [SPO]).We generated estimates of sex–age ratios and abundances using both RPO and SPO. To
evaluate the accuracy of using SPO in conjunction with the IBAMmethod, we independently estimated the
abundance of a marked group of female deer using a Poisson log normal (PNE) mark–resight estimator.
Abundance estimates across sex–age classes were most similar between PNE and IBAM when SPO
demographic ratios were used. Owing to the greater TS of females, using SPO discounted the relative
abundance of females and, thus, lowered the female:male ratios and raised the fawn:female ratio. Uncertainty
was broad across all approaches, yet accounting for TS reduced the confounding variability owing to
differences in detection probability and generated more accurate parameter estimates. � 2011 The
Wildlife Society.

KEY WORDS abundance, camera traps, census technique, detection, Odocoileus virginianus, sex ratios, trap success,
white-tailed deer.

Population estimation techniques, such as aerial inventories,
thermal infrared sensing, or spot-light surveys, provide useful
metrics for monitoring white-tailed deer (Odocoileus virgin-
ianus) abundance (Fafarman and DeYoung 1986, Naugle
et al. 1996), but may not be appropriate for the scale of
smaller management areas characteristic of fragmented sub-
urban and urban environments. Here, deer management can
be highly localized (McDonald et al. 1998, Porter et al. 2004)
and wildlife professionals need accurate abundance estimates
specific to individual properties to plan harvest goals and
track population trends. This is especially important where
lethal means to reduce overpopulated suburban deer herds
are subject to political pressure and public accountability.

Jacobson et al.’s (1997) individual branch-antlered male
(IBAM) abundance estimator is a popular method suitable to
this scale. The method uses camera-trap data to enumerate a
minimum number of uniquely identifiable adult males and to
estimate sex and age-class ratios (hereafter, demographic
ratios). The abundance of all males, females, and fawns is
calculated by way of extrapolation. However, there are 2
major drawbacks to the IBAM estimator that limit its broad
application. First, the method does not provide error terms
for parameter estimates (Curtis et al. 2009). Without a
measure of precision, comparing abundance across time
and place is limited. Second, the method estimates the
relative abundance of males, females, and fawns using raw
photographic occurrences (RPO), which assumes that the
different groups have equal detection probabilities (McCoy
2010, O’Brien 2011). Failing to meet this assumption will
bias abundance estimates in favor of those groups whose
individuals are more frequently photographed.
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In this paper, we propose modifications to Jacobson’s
IBAM method that generate measures of uncertainty for
parameter estimates and that standardize photographic
occurrences (SPO) by detection to minimize bias. By evalu-
ating RPO as a function of detection, researchers can quan-
tify differing detection rates among demographic groups and
then standardize photographic captures, thus providing less-
biased estimates of nonmale abundances. To evaluate the
accuracy of the IBAM method using both RPO and SPO
demographic ratios, we used McClintock et al.’s (2008)
mark–resight estimator on a marked population of female
deer to generate an independent deer-abundance estimate.

STUDY AREA

We conducted our camera survey at the Mianus River Gorge
Preserve (MRGP; 309 ha or 764 acres), located in suburban
Westchester (NY) and Fairfield (CT) counties, USA. The
MRGP was established to protect an old-growth Eastern
hemlock (Tsuga canadensis) forest and 70–100-yr-old mixed
hardwood forest. Dominant overstory species included black
birch (Betula lenta), yellow birch (B. alleghaniensis), black oak
(Quercus nigra), red oak (Q. rubra), red maple (Acer rubrum),
and sugar maple (A. saccharum). The MRGP lay along the
Mianus Greenway and was surrounded by large estates,
smaller suburban developments, and protected reservoir
land. Since 2004, the deer population has been managed
using controlled archery. Exact prehunt deer densities for the
MRGP were unknown. However, in 2002, 2 independent
aerial inventories were conducted adjacent to the preserve in
unmanaged areas of Bedford, New York and Greenwich,
Connecticut. Daniels et al. (2009) estimated the Bedford
deer population to be 22 deer/km2. More forested areas of
Greenwich (which were contiguous with the MRGP via the
Mianus Greenway) had densities of 23.6 deer/km2 (Brash
et al. 2004). From 2002 to 2008, 160 deer were harvested
from the MRGP, with female deer comprising 72% of the
total harvest.

METHODS

Deer Capture
We captured adult female deer (>1.5 yr old) between June
and September of 2008 and 2009 using immobilizing drugs
remotely delivered by cartridge-powered darts (Pneu-Dart,
Williamsburg, PA). Deer were targeted for capture by driv-
ing roads bordering the MRGP. Darts contained a 1.0–1.5-
mL solution of butorphanol (50 mg/mL), azaperone
(100 mg/mL), and medetomidine (40 mg/mL) in a ratio
of 6:2:3 (Wildlife Pharmaceuticals, Inc., Fort Collins,
CO). Deer were revived by intramuscular injections of
3 mL antisedan (5 mg/mL), 1 mL naltrexone (50 mg/
mL), and 1 mL tolazoline (200 mg/mL). In 2008, each
deer received a uniquely color-coded ear tag embedded
with a 14.7-g, 433-MHz active radiofrequency identification
transponder (RF Code, Austin, TX). In 2009, transponders
were embedded in radiocollars (Sirtrak, North Liberty, IA)
rather than ear tags. Transponders actively broadcasted over
an average range of 131 m at the MRGP (M. Weckel,

unpublished data), allowing authors to determine whether
animals were alive and within the study area during the
camera survey. Immobilization and tagging were carried
out under Institutional Animal Care and Use Committee
protocol 0715 approved by the City College of the City
University of New York.

Camera Monitors
We conducted the camera survey from 16 August to 16
October 2009 at unbaited camera stations. We chose this
2-month period following fawning and prior to the NYS
Region 3S hunting season because we assumed the popula-
tion was closed, but also because antler growth was approach-
ing full development. At each camera station, we deployed a
Reconyx RC55 (Reconyx, Holmen, WI) camera affixed to a
tree between 0.5 m and 0.75 m off the ground and 0.5–
1.0 m off the trail. These cameras use an infrared flash and
are passively triggered by heat and motion. Cameras were
programmed to take 5 successive photos when triggered and
had no delay between successive trigger events, allowing
for near continuous photographic captures at the rate of
1 photograph/sec. For each event we recorded the age,
sex, and number of deer seen.
We sampled the MRGP in 2 contiguous blocks of 12

cameras, each with each camera operational for an average
of 29 days. (Twenty-three cameras stations were included in
the final analysis because one camera failed). Initial camera-
station locations were randomly chosen, but they were
slightly adjusted in the field so that well-used trails were
sampled. Also, because mark–recapture procedures assume
that no animal has a zero probability of being photographed,
camera stations were separated by no more than 500 m. This
configuration was based on the average summer home range
(21.4 ha) of suburban female deer documented by Porter
et al. (2004). We felt our camera stations were conservatively
spaced because Porter et al.’s (2004) estimate was equal to or
smaller than many other female suburban-deer home ranges
(Kilpatrick and Spohr 2000, Etter et al. 2002, Grund et al.
2002, Storm et al. 2006).

Estimating RPO, SPO, and Demographic Ratios
Following Jacobson et al. (1997), we estimated 3 demo-
graphic ratios based on RPO: spike males:branch-antlered
males (rPs), females:all males (rPd), and fawns:females (rPf).
For example, rPd ¼ Nd/Nb, where Nd ¼ total number of
antlerless adult deer occurrences in photographs and
Nb ¼ total number of male occurrences in photographs.
We used 1,000 nonparametric bootstrapped resamples of
camera-station data to generate 95% percentile intervals
(PI) of the demographic ratios as a measure of parameter
uncertainty (Efron and Tibshirani 1993). These 95% PI rely
on variability among bootstrap samples and are distinct from
confidence intervals for a Neyman–Pearson assessment of
significance, which rely on data meeting assumptions of
normality (Efron and Tibshirani 1993).
Jacobson et al.’s (1997) method assumed that the ratio of

RPO to abundance is constant across demographic groups.
Violations of this assumption would inflate or deflate the
relative abundance of sex–age classes based on differences in
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detection among males, females, and fawns (e.g., if F deer are
more likely to be photographed, then their relative abun-
dance would be biased high). We sought to compute SPO
that corrected RPO for any potential inequalities in detec-
tion rates among the sex–age classes. To do so, we first
estimated trap success (TS [the proportion of trap-nights
with �1 deer photograph]) for each sex–age class at each
camera station. For each sex–age class, we examined the
relationships between RPO and TS using linear regression
(Fig. 1). We forced a structural y-intercept of zero because
the number of photographs must always be zero if TS equals
zero.We estimated parameters using least-squares regression
techniques and estimated SPO as the model beta, b. The
model b, or slope, can be interpreted as the number of
photographs per unit of TS; see Fig. 1). We used 1,000
nonparametric bootstraps of our camera stations to estimate
uncertainty for SPO. We visually inspected standardized
residual plots to check for any obvious departures from
normality. We then used SPO estimates for each demo-
graphic group to generate standardized spike:branch-
antlered male ratio (sPs), female:male ratio (sPd), and the
standardized fawn:female ratio (sPf). We again used non-
parametric bootstrapping at this step, sampling from the
distribution of SPO observed in each demographic group,
to generate percentile intervals for demographic ratios.

Estimating Abundance Using IBAM and
a Mark–Resight Estimator

We identified branch-antlered males based on antler size and
configuration, as well as additional identifying characteristics
such as relative body size and pelage patterns. This minimum
number of unique branch-antlered males (B) was the starting
point for calculating the number of spikes (M with
unbranched antlers), spikes:all males, males:females, and
females:fawns using both RPO and SPO ratios (e.g., where
S ¼ spike abundance; S ¼ B � rPs or S ¼ B � sPs). We
used 1,000 nonparametric bootstraps drawing from the ob-
served frequency distribution of demographic ratios and
abundances to estimate the abundance of successive age-
classes. We refer to estimates generated by Jacobson
et al.’s (1997) method either as IBAM þ RPO or
IBAM þ SPO depending on whether raw or standardized
photographs were used.

We used the mark–resight Poisson log normal estimator
(PNE; McClintock et al. 2008) in Program Mark (White
and Burnham 1999) to analyze capture data of female deer.
This estimator uses individual capture histories of marked
animals and the number of photographs of unmarked ani-
mals to estimate total abundance. We used the mean female
estimate generated by the PNE analysis as a starting point to
extrapolate from females to all males, and from females
to fawns using both RPO and SPO ratios. As with the
above analysis, we estimated uncertainty in our parameter
estimates in successive abundance calculations using non-
parametric bootstrapping.We refer to estimates generated by
McClintock et al.’s (2008) method either as PNE þ RPO or
PNE þ SPO depending on whether raw or standardized
photographs were used.
Generating estimates of males and females by extrapolating

from females (PNE) and male estimates (IBAM), respec-
tively, provided a cross-validation and allowed us to evaluate
the relative accuracy of using RPO versus SPO. Ideally, an
unbiased demographic ratio (either RPO or SPO) would
yield agreement between estimated and extrapolated male
and female abundances.

RESULTS

Estimating RPO, SPO, and Demographic Ratios
Camera stations were operated for 662 trap-nights. During
this time we collected 130, 66, 480, and 112 RPO of branch-
antlered males, spikes, females, and fawns, respectively.
Across camera stations, female deer had a higher TS
(x ¼ 0.31, SE ¼ 0.02) than branch-antlered males
(x ¼ 0.14, SE ¼ 0.01), spikes (x ¼ 0.08, SE ¼ 0.01), and
fawns (x ¼ 0.12, SE ¼ 0.01). Using camera data on TS to
SPO via linear regression, we predicted the mean SPO
for each sex–age class: spike males (b ¼ 27.86, 95%
PI ¼ 19.64–33.98), branch-antlered males (b ¼ 42.65,
95% PI ¼ 33.58–54.04), all males (b ¼ 40.02, 95% PI ¼
31.28–48.70), for females (b ¼ 60.57, 95% PI ¼ 49.16–
72.99), and fawns (b ¼ 42.02, 95% PI ¼ 35.85–47.54).
Using SPO to estimate demographic ratios, the mean

female:male ratio was 24% smaller as compared to RPO-
derived ratio estimates (Fig. 2). The converse was true for the
fawn:female ratio and spike:branch-antlered male ratios,
which were 223% and 34.7% higher, respectively, when using
SPO versus RPO. Nevertheless, owing to broader uncertain-
ty, we found considerable overlap in demographic ratios
computed from RPO and SPO for female:male and spike:-
branch-antlered male ratios (Table 1).

Estimating Abundance Using IBAM and
a Mark–Resight Estimator
Using Jacobson’s criteria, we identified 19 distinct branch-
antlered males. We found that 51.5% of photographs of
branch-antlered males were of too poor quality to attempt
individual identification. Average capture rate for these 19
branch-antlered males was 3.32 photos (SE ¼ 0.48).
Fourteen female deer were marked and remained alive within
the study area during the entire camera survey. All 14 marked
female deer were photographed, with a mean capture rate of

Figure 1. Linear functions relating raw photographic occurrences (RPO) to
trap success (TS) for female and fawn white-tailed deer in Mianus River
Gorge Preserve, Bedford, New York, USA, 2009.
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7.86 photos (SE ¼ 1.52). Twenty-two percent of marked
female photographs could not be identified to an individual.
Using the PNE mark–resight method of McClintock et al.
(2008), we estimated theMRPG female herd at 49.5 females
(95% PI ¼ 38.7–63.4).
In comparing total male abundance estimates across all

methods, there was similar agreement except for that gener-
ated using the PNE þ RPO. Here, only 19 males were
estimated, a likely underestimate considering that 19
IBAMs were identified from photographs. Regarding
females, agreement between mean abundance estimates
was closest for IBAM þ SPO and PNE þ SPO analyses
(Table 2). Using SPO ratios, the IBAM-method female
estimate was 22% higher than the mark–recapture female
estimate, as compared to 43% higher when RPO was used.
Regarding fawns, there was again most agreement between
the IBAM þ SPO and PNE þ SPO estimates. Overall,
mean total deer estimates were closest between the
PNE þ SPO and IBAM þ SPO; nevertheless, there was
considerable overlap among PI across methods, obscuring
this difference.

DISCUSSION

In our study, we used cross-validation to evaluate the relative
accuracy of demographic ratios derived from RPO and SPO.
We used a mark–resight analysis (PNE) to estimate the
number of females, the IBAM method to estimate the
number of branch-antlered males, and demographic ratios
derived from photographs (RPO vs. SPO) to extrapolate the

Figure 2. Frequency distribution for demographic ratios of white-tailed
deer in Mianus River Gorge Preserve, Bedford, New York, USA, 2009,
computed by nonparametric bootstrapping using both raw photographic
occurrences (RPO, white circles) and standardized photographic occurrences
(SPO, black circles). Demographic ratios based on RPO (r): spike males:-
branch-antlered males (rPs), females:all males (rPd), and fawns:females (rPf).
Demographic ratios based on SPO (s): spike males:branch-antlered males
(sPs), females:all males (sPd), and fawns:females (sPf).

Table 1. Comparing demographic ratios of white-tailed deer, computed
using raw photographic occurrences (RPO) and standardized photographic
occurrences (SPO), in Mianus River Gorge Preserve, Westchester County,
New York, USA, 2009.

Sex–age ratio
Standardized or
raw photographs Symbola Mean 95% PI

Spike:branch-
antlered M

RPO rPs 0.49 0.29–0.88

SPO sPs 0.66 0.43–0.90
F:M RPO rPd 2.52 1.67–3.91

SPO sPd 1.92 1.50–2.40
Fawns:F RPO rPf 0.22 0.14–0.34

SPO sPf 0.71 0.52–0.95

a Demographic ratios based on RPO (r): spikeM:branch-antleredM (rPs),
F:all M (rPd), and fawns:F (rPf). Demographic ratios based on SPO (s):
spike M:branch-antlered M (sPs), F:all M (sPd), and fawns:F (sPf).

Table 2. Comparing abundance of male, female, and fawn white-tailed deer
in Mianus River Gorge Preserve, Westchester County, New York, USA,
2009.

Sex–age group Method Mean 95% PI

M IBAM þ RPOa 28.30 24.74–35.57
IBAM þ SPOb 31.54 27.35–35.92
PNE þ RPOc 19.46 12.40–29.72
PNE þ SPOd 26.12 20.59–32.62

F IBAM þ RPO 70.86 45.54–113.69
IBAM þ SPO 60.43 44.78–77.38
PNE þ RPO 49.50e 38.70–63.40
PNE þ SPO 49.50e 38.70–63.40

Fawns IBAM þ RPO 15.56 8.67–29.05
IBAM þ SPO 41.79 28.00–61.76
PNE þ RPO 10.80 6.77–16.58
PNE þ SPO 35.04 25.33–46.42

Total deer IBAM þ RPO 106.96 79.09–147.06
IBAM þ SPO 134.89 111.82–162.31
PNE þ RPO 80.26 71.79–92.54
PNE þ SPO 110.52 99.34–123.89

a IBAM þ RPO—Abundance method using demographic ratios calcu-
lated from raw photographic occurrences (RPO) to extrapolate from
a min. no. of individual branch-antlered M (IBAM) enumerated by
Jacobson et al.’s (1997) criteria.

b IBAM þ SPO—Abundance method using demographic ratios calcu-
lated from standardized photographic occurrences (SPO) to extrapolate
from a min. no. of branch-antlered M (IBAM) enumerated by Jacobson
et al.’s (1997) criteria.

c PNE þ RPO—Abundance method using demographic ratios calculated
from raw photographic occurrences (RPO) to extrapolate from the mean
F estimate generated byMcClintock et al.’s (2008) mark–resight Poisson
log normal estimator (PNE).

d PNE þ SPO—Abundance method using demographic ratios calculated
standardized photographic occurrences (SPO) to extrapolate from the
mean F estimate generated by McClintock et al.’s (2008) mark–resight
Poisson log normal estimator (PNE).

e PNE—Mean no. of F deer calculated using demographic ratios calcu-
lated from McClintock et al.’s (2008) mark–resight Poisson log normal
estimator (PNE).
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abundances of other demographic groups. Only unbiased
demographic ratios should converge on the same estimate
of deer abundance, regardless of whether the starting point
for extrapolation was branch-antlered males (IBAM) or
marked females (PNE). In our study, we found estimates
of total deer, females, males, and fawns were most similar
between IBAM and PNE methods when SPO were used for
extrapolation.
Jacobson et al.’s (1997) approach is a creative way of using

natural markings of adult male deer to estimate a minimum
number of branch-antlered males. If there are no biases due
to different sex–age probabilities of being photographed,
Jacobson’s use of RPO would be suitable for extrapolating
from branch-antlered males to females and fawns. However,
we did document differences in TS with females being the
most frequently photographed group, on average twice as
often as males and fawns. Subsequently, using information
on TS to generate SPO, the relative abundance of females
was discounted, describing a deer herd with fewer females,
more males, and more fawns.
At the MRGP and at nearby Westchester preserves, con-

trolled hunts can be controversial and subject to political
pressure to demonstrate declines in female abundance.
A difference between 71 and 60 females generated by
IBAM þ RPO and IBAM þ SPO, respectively, can
mask whether or not herd reduction is occurring.
Similarly, using RPO measures as an indication of recruit-
ment would suggest a slower growing population and would
strongly influence any attempt to model harvest scenarios.
Based on RPO, the MRGP herd has an unlikely 5 females
for every 1 fawn during our study’s late-summer camera
survey, compared to the SPO estimate of 1.4 females for
every fawn. With the knowledge that mean fertility rates
among suburban adult females are safely in excess of 1.0
(Witham and Jones 1992, Swihart et al. 1995) and suburban
fawn survival at 6 months has been found to be >80%
(Witham and Jones 1992, Swihart et al. 1995, Etter et al.
2002), the RPO fawn:female ratio of 0.22 is dubious. Using
RPO to estimate demographic ratios may produce greater
disparities in sex–age distributions where differences in TS
are more extreme. For example, Curtis et al. (2009) docu-
mented a female:male ratio of 3.7 in comparison to 0.94
reported by Jacobson et al. (1997). Curtis et al. (2009)
attributed this disparity to differing management strategies
affecting the density of males and females; however, it can
also be due to differences in male and female TS across study
sites.
Several confounding variables, including sex–age-based

differences in home range (Jacobson et al. 1997), baiting
(McCoy 2010), social status (Séquin et al. 2003), and even
the model of camera (Kelly and Holub 2008) can influence
the rate and number of photographic captures. These factors
ultimately bias relative abundance indices, making compara-
tive use of camera data across groups (sex, age, or species)
difficult to interpret. For example, our greater female TS
may be an artifact of our camera density. We intentionally
designed our camera array around a small female home
range in order to maximize female captures and improve

our mark–resight estimates. Likewise, Jacobson et al. (1997)
observed a higher rate of female capture as camera density
increased, which they attributed to smaller female home
ranges and an increased likelihood of photographing a
female’s core area. Although comparative studies of male
and female movement are lacking for suburban areas, there
is evidence that male home ranges are considerably larger
than those of females (Gaughan and DeStefano 2005).
In addition, MRGP hunters, as well as the authors, have
noted that it is not uncommon to see the samemarked female
deer multiple times per week in the same location; while
repeat visits by any branch-antlered male are less frequent
(e.g., M. Weckel, personal observation). Consequently,
knowing that our camera placement produced a positive
bias in favor of female photographs and that female deer
may have smaller home ranges, discounting female RPO
by female TS facilitated a more conservative use of photo-
graphic data in estimating demographic ratios. This
approach of using SPO can also extend the utility of camera
traps as a multispecies monitoring tool and generate more
accurate relative abundance indices of entire communities of
species.
Accounting for TS may also renew the discussion sur-

rounding the use of bait in conjunction with Jacobson
et al.’s (1997) method. Several authors have warned against
baiting due to differences in bait use by different sex–age
classes (Koerth and Kroll 2000, Roberts et al. 2006, McCoy
2010). However, by standardizing photographs by differ-
ences in TS, one could potentially control for these differ-
ences. Bait could improve the initial enumeration of branch-
antlered males by keeping animals within the frame and
generating numerous photographs at many angles, ultimately
facilitating identification. In our study, approximately half of
branch-antlered photographs were eliminated from this
analysis because they were of too poor quality to permit
identification. These pictures were of males who walked
perpendicularly to the camera, providing blurred photo-
graphs of only one flank. With that said, accounting for
differences in the use of bait does not address the concern
that baiting can shift deer ranges, thereby violating the
assumption of geographic closure (Kilpatrick and Stober
2002, Curtis et al. 2009).
Standardizing photographs as a function of TS generated

more accurate and biologically reasonable parameter esti-
mates, yet is subject to meeting the assumptions of linear
modeling. Although we did not observe any gross departures
from linearity or homoscedasticity, parameter estimates of
SPO are strongly influenced by the distribution and inherent
variability in the data set. For example, we estimated the
SPO of branch-antlered males (42.65) to be greater than that
that of all males (42.02). Clearly, the ratio of branch-antlered
males to all males is not 1:1. Rather, this results from
aggregating spike and branch-antlered males. Spikes gener-
ally produced fewer RPO at a lower TS, which served to
depress the b in the all-male analysis. This provides a cau-
tionary note that extreme RPO values (RPO larger or smaller
than expected from the model), especially at low or high TS,
can strongly influence parameter estimates. Extreme RPO

Weckel et al. � Using Cameras Traps to Census Deer 449



values may occur where cameras are placed in hotspots of
activity (e.g., a scent station frequented daily by M bachelor
groups, or a wildlife corridor funneling movement between
fenced human developments). Cameras with low RPO at
high TS can be expected if cameras are placed on or near bed
sites of a solitary individual or small female social units. Here,
camera stations may have frequent visitation (high TS), but
photograph only 1 or 2 individuals. Using purely randomly
generated camera stations may help in minimizing variability
caused by the researcher’s camera-site selection (Kays et al.
2009); however, doing so can only increase the chance of
surveying sub-par habitat and underestimating the count of
individually branch-antlered males, violating an assumption
of Jacobson et al.’s (1997) IBAMmethod; this problem needs
to be further addressed.
Whether one uses RPO or SPO with Jacobson et al.’s

(1997) IBAM method, large uncertainty in parameter esti-
mates can obscure detection of changes in deer abundance
over time. Our exercise in bootstrapping camera traps dem-
onstrated that the variability in RPO among camera stations
alone can contribute to large uncertainty. As long as the study
animal is not uniformly distributed in space, variability
among camera traps will remain. Increasing sample size
via additional camera stations may help decrease variability
to the benefit of both the RPO and SPO approach; however,
there is a limit to how densely cameras can be deployed
before autocorrelation will become a concern (Koenig 1999,
Silveira et al. 2003). Furthermore, large PI are compounded
by the very nature of Jacobson et al.’s (1997) method, where
uncertainty in each ratio estimate and uncertainty in each
abundance estimate is compounded in calculating final total
deer abundance. The basic technique relies on multiplication
to extrapolate from the branch-antlered male abundance;
therefore, wide PI will be hard to avoid.

MANAGEMENT IMPLICATIONS

Accurate estimation of deer herds, especially the abundance
of females, is key to the long-term success of urban and
suburban deer management programs. Jacobson’s IBAM
estimator offers a promising method by capitalizing on
the natural markings of adult males to generate total deer
abundance, including female abundance. However, as with
any method that compares raw photographic captures across
sex, age, space, time, or species, the use of camera data will be
limited where the assumption of equal detection is not tested
or supported (Cutler and Swann 1999, Séquin et al. 2003,
Larrucea et al. 2007, O’Brien 2011). The method of stan-
dardizing RPO by TS acknowledges that TS is a complicated
variable, contingent on a variety factors that may be difficult
to control. Our solution uses measurable differences in TS as
a means of standardizing RPO delivering a more conserva-
tive interpretation of camera data. Ignoring differences in
trap success may lead to inaccurate estimates. Furthermore,
when using camera-based methods to census and monitor
white-tailed deer, wildlife professionals need to consider
the level of precision necessary for the question at hand
and the magnitude of population change one needs to

discern. These concerns should be considered along with
the benefits of using camera traps, which include the ability
to simultaneously and noninvasively monitor activity period
(Carthew and Slater 1991), spatial distribution (Atwood
and Weeks 2002), sex and age structure (Jacobson et al.
1997), and to sample remote areas (Roberts et al. 2006)
where vegetation cover (Anderson and Lindzey 1996) or
prohibitive cost (Koerth et al. 1997) may preclude traditional
methods such as aerial surveys.
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