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Short communication

Assessment of digital image analyses for use in wildlife research
Cy L. Mott, Scott E. Albert, Michael A. Steﬀen & John M. Uzzardo
Due to the decreased cost and increased availability of digital camera technology, digital image analyses are rapidly
replacing traditional caliper-based approaches to wildlife morphometry. The substitution of image-based measurement
methods over those utilizing calipers is based on the assumption that both methods are comparable with respect to
accuracy, precision, time required and inter-observer variation, yet this hypothesis has not been explicitly tested. In this
article, we evaluate these aspects of each method using three life stages of the marbled salamander Ambystoma opacum.
We found that digital image-based measurements were signiﬁcantly more accurate, faster to obtain, and resulted in
reduced inter-observer measurement variation relative to caliper measurements, yet the former was associated with
reduced precision among repeated measurements relative to the latter. Based on our observations, we recommend that
digital image-based measurements represent a useful alternative to caliper measurements and are particularly useful for
organisms that pose risks to investigators, normally maintain non-linear body orientations, or cannot easily be removed
from their habitat.
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Traditional approaches to morphometry in wildlife
research typically entail measurements obtained via
hand-held digital or traditional dial calipers. However, these methods are increasingly being replaced
by in situ digital photography of focal subjects, with
subsequent digital image analysis software programs employed to obtain measurements. The potential functions of this emerging technique are
diverse, as recent applications of digital image analyses include studies of body size (Hill et al. 2005) and
shape (Relyea 2004), growth (Davis et al. 2008),
sexual dichromatism (Todd & Davis 2007), pattern
asymmetry (Wright & Zamudio 2002) and histological changes (McFadzen et al. 1994). In addition,

the reduced costs of digital cameras and increased
availability of digital image analysis software will
likely contribute to increased use of digital technology and facilitate future novel approaches to wildlife research.
The potential advantages of digital image analysis for wildlife studies include beneﬁcial aspects for
both researchers and focal organisms. Davis &
Grayson (2007) show that a wider variety of data
can be collected from photographs than from caliper measurements, as digital image collections can
be subsequently used for analyses of size, shape,
colour and symmetry (Grill 1999, Leclair et al. 2005,
Davis & Maerz 2007). Image analyses are particu-
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larly advantageous when attempting to measure
organisms which typically do not assume a linear
body position conducive to caliper measurements
(Walston & Mullin 2005), such as reptiles and amphibians. Digital image analyses are also beneﬁcial
when focal organisms pose a particular risk to the
researcher, as contact is often maximized when
using calipers (Luiselli 2005). These analyses also
minimize stress for focal organisms by reducing
contact time between the researcher and focal
animal. Furthermore, the focal organism may be
photographed in its natural state (Davis et al. 2008);
this may be of particular beneﬁt to aquatic or
otherwise sensitive organisms that may suﬀer when
even brieﬂy removed from their habitat.
While the beneﬁts of digital image analyses are
numerous, a further review of this approach is necessary before it is fully integrated into wildlife research. Of particular interest is the assumption that
measurements derived from digital images are at
least as accurate and precise as those obtained from
calipers; this assumption of digital image analyses is
critical to its acceptance as a viable alternative to
caliper measurements, yet has not been directly examined. Davis et al. (2008) claim that digital image
analyses are ’arguably faster’ than traditional methods; however, this hypothesis has not been tested explicitly.
If caliper measurements are found to be more
time-consuming than digital image analyses or viceversa, this ﬁnding would be of considerable signiﬁcance to wildlife research for a variety of reasons. First, as many wildlife studies require longterm data consisting of thousands of individual
measurements (Cumming & Havlicek 2002, Knouft
2003, Gibbs & Karraker 2006), even small diﬀerences in the time necessary to obtain measurements
could result in reduced time required in the ﬁeld in
inclement conditions, reduced time working with
preserved specimens, and funding allocated to
either task. Also, the faster method would reduce
handling stress on focal organisms if physical contact is minimized. It is also necessary to determine if
reduced time required by a particular method imposes a trade-oﬀ in terms of reduced accuracy and
precision of measurements. Finally, since measurements are often obtained by multiple researchers, it is necessary to determine if either measurement method results in sizeable inter-observer differences in measurements of a common subject, as
this would represent a trade-oﬀ that must be con-

sidered when determining which method to employ.
The purpose of our study is to compare the utility
of caliper and image-based measurement procedures with respect to time requirements, accuracy,
precision and inter-observer measurement variation. We conducted these procedures using three
morphologically unique life stages of a focal organism to identify characteristics of the subject that
favour one measurement method over another
based on life history traits. Based on our ﬁndings,
we make recommendations regarding the utility of
each method for wildlife research.

Material and methods
As our focal organism, we utilized the marbled
salamander Ambystoma opacum, a common terrestrial amphibian species that exhibits traits conducive to digital image measurements used in wildlife
research. First, long-term amphibian studies, including those involving marbled salamanders, often
require measuring thousands of individuals (Scott
1990, 1994, Taylor & Scott 1997), and any reduction
in time required for each measurement would
greatly reduce the total time devoted to this task.
Second, salamanders in particular are known to exhibit non-linear body orientations when handled,
and caliper measurements of linear traits such as
snout-to-vent length (SVL) and total length (TL)
may be skewed by the organism’s attempt to coil
(Wise & Buchanan 1992). Finally, many salamanders, including the larval stage of marbled salamanders, are aquatic, thus making handling and caliper
measurements diﬃcult due to viscous body surfaces
and a tendency to vigorously shake the entire body
when collected (C.L. Mott, pers. obs.).
Our decision to employ multiple life stages of the
marbled salamander was dependent on each stage
exhibiting traits that addressed each of the aforementioned potential beneﬁts of digital image
analysis. The egg stage was selected because large
sample sizes are often required to identify diﬀerences in ovum morphology. By collecting large
numbers of egg measurements, we determined if
digital image analyses were less time consuming
than caliper measurements for large sample sizes.
Terrestrial adult marbled salamanders were utilized
in determining if digital image analyses provided
more accurate and precise measurements for or-
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ganisms that typically maintain non-linear body
orientations, and aquatic larval marbled salamanders were employed to represent those organisms
that could not easily be collected from or measured
in aquatic habitats.

Caliper measurements
All caliper measurements were taken using model
Y3110337 digital calipers (Fischer Scientiﬁc, Pittsburgh, Pennsylvania, USA); therefore, times required to collect measurements are considered
minimum estimates, as traditional non-digital dial
calipers do not provide readable displays and their
use would require additional time to determine
measurements. Calipers were recalibrated before
use by each investigator, and all of the following
procedures were performed by four investigators to
quantify inter-observer measurement biases. Investigators were provided a 5-minute practice period to
become familiar with the operation of digital
calipers, and all caliper measurements were recorded on separate data sheets to best mimic the time
required to collect similar data in situ.
Eggs
We collected 120 marbled salamander eggs from
nesting females in the Shawnee National Forest,
Illinois, USA, in November 2007, which were transported to the Cooperative Wildlife Research Laboratories facilities of Southern Illinois University
Carbondale (SIUC). We randomly selected 10 eggs,
rinsed them to remove any remaining debris, and
placed them in a single line onto a moistened
countertop to prevent egg drying and associated
shrinkage from occurring during measurements. A
digital timer began with the measurement of the
diameter of the ﬁrst egg and concluded when the
diameter of each egg had been measured 10 times,
resulting in a total of 100 measurements. For each
investigator, the average time per measurement was
calculated by dividing the total number of measurements by the total time required to obtain them.
Repeated measurements of each egg were utilized to
calculate a mean diameter (ȳ) and coeﬃcient of
variation (CV; Zar 1999), which is deﬁned as (r/ȳ)3
100, of each egg for each investigator.
Adults
We collected 10 adult marbled salamanders from
pond basins in the Shawnee National Forest, Illinois, USA, in May 2008, which were transported to
the Cooperative Wildlife Research Laboratories

facilities of SIUC. We obtained measurements of
SVL using the ’salamander stick’ technique (Walston & Mullin 2005), which has previously been
shown to provide more accurate and precise measurements than either freehand techniques or those
where salamanders are restrained in tubes. In this
approach, individual marbled salamanders were
placed in transparent plastic Zip-loct bags, which
were then drawn through a 2-mm opening between
two 38 mm-diameter polyvinylchloride (PVC) tubes
joined in a parallel fashion with duct tape. When the
plastic bag was pulled with even mild tension, the
cranio-caudal axis of the salamander was linearly
aligned with the trough formed by the PVC tubes,
facilitating caliper measurements of SVL, which is
deﬁned as the distance from the anterior end of the
head to the anterior edge of the vent. Adult marbled
salamanders were individually housed in numbered
1531535 mm plastic containers, and a digital timer
was initiated when the ﬁrst salamander was removed from its container. Snout-to-vent length of
each salamander was measured 10 times, resulting
in a total of 100 measurements. After all measurements were collected, the timer was stopped, and a
time per measurement and CV value of each salamander for each investigator was calculated as described for egg measurements.

Larvae
We collected 10 larval marbled salamanders from a
vernal pond at the Touch of Nature Environmental
Education Center, Carbondale, Illinois, USA, in
May 2008, which were transported to the Cooperative Wildlife Research Laboratories facilities of
SIUC. In place of SVL, we utilized total length (TL),
which is deﬁned as the distance from the anterior
end of the head to the posterior end of the tail, as the
focal measurement because the vent is often diﬃcult
to discern in larval salamanders (C.L. Mott, pers.
obs.) and previous studies have utilized TL as a
metric of larval body size (Gamradt & Kats 1996,
Ziemba et al. 2000). Larvae were individually
housed in numbered 15 3 12 3 5 cm plastic containers ﬁlled to a depth of 3 cm with reconstituted
soft water (Horne & Dunson 1995); the depth of the
containers allowed caliper tips to be placed directly
in the water when measuring larvae. A digital timer
began with the measurement of the ﬁrst larva, and
each larva was measured 10 times as described for
eggs and adults. In the case where a larva maintained a non-linear position when attempting to
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measure TL, it was touched gently with a blunt
probe to cause an escape movement and associated
straightening of its cranio-caudal axis. Most larvae
stimulated in such a manner required only one
touch before measuring. Once all larvae were measured 10 times, the digital timer was stopped, and a
time per measurement and CV value of each larva
for each investigator was calculated as described
previously.

Digital measurements
All marbled salamander life stages were photographed using a Nikon D70 digital single lens reﬂex
(DSLR) camera. Separate photographs of each life
stage were taken by each of four investigators, and
repeated measurements of a single individual in
each life stage were obtained from 10 separate
photographs per life stage rather than repeated
measurements of a single photograph, as the latter
approach best mimics measurements obtained in
situ. Photographs were titled according to the life
stage, investigator and repetition number, and all
photographs were stored on a laptop computer
using ; 550 MB of hard drive storage space (pixel
dimensions: 3008 3 2000). All image analyses were
performed with Image J, a free software program
available through the National Institutes of Health,
Bethesda, Maryland, USA (available at: http://rsb.
info.nih.gov/ij/). All investigators were initially
provided with a 10-minute orientation period to
learn the functions of Image J required in obtaining
digital measurements. Using Image J, a stored
image must ﬁrst be calibrated using the ’set to scale’
function. To accomplish this, a 15-cm ruler was included in each photograph along the same plane as
the focal organism, and a 10-cm segment of the ruler
was highlighted using the ’straight line’ function.
The ’set to scale’ function then allowed us to calibrate the picture according to the highlighted segment. After calibrating the photograph, a 1-cm test
measurement was performed to ensure the accuracy
of measurements within 0.05 mm. For all digital
image measurements, the time required to photograph subjects, create and store digital images, and
calibrate photographs were incorporated into the
total time required to employ this technique. The
same subjects utilized for caliper measurements
were photographed for digital image analyses, and
photographs were taken immediately following
caliper measurements to prevent temporal changes

in length due to growth. As with caliper measurements, the following procedures were performed by
four investigators to quantify inter-observer measurement variation.

Eggs
A timed measurement session of 10 marbled salamander eggs began when an investigator opened
the ﬁrst image on the laptop computer. Following
image calibration, the diameter of each egg was
measured once, after which the second photograph
was opened and the process repeated, until diameter
measurements were obtained from 10 photographs
of the 10 eggs, resulting in 100 total measurements.
The measurement session concluded after all
measurements were transferred to a separate data
ﬁle. The total time required for each investigator, as
calculated previously, was divided by the number of
measurements to calculate a time per measurement
value for each investigator, and a CV value of each
egg for each investigator was derived as described
for caliper measurements.
Adults
The 10 adult marbled salamanders utilized for caliper measurements were initially arranged in a
compartment box that isolated all salamanders
from one another. Upon removal of the box, 10
photographs of the group of 10 marbled salamanders were taken by each investigator. As all marbled
salamanders assumed a non-linear orientation following removal of the dividers, SVL was measured
using the ’bent line’ function of Image J, which
facilitates length measurements for curved lines
(Fig. 1). SVL for digital measurements was deﬁned
as the length from the anterior end of the head to the
posterior edge of the rear legs, as the latter region is
synonymous with the anterior edge of the vent. The
measurement session concluded after all measurements were transferred to a separate data ﬁle. Time
per measurement values, as well as CV values of
each adult salamander, for each investigator were
derived as described for caliper measurements.
Larvae
The 10 marbled salamander larvae utilized for caliper measurements were initially arranged in a
plastic compartment box ﬁlled to a depth of 3 cm
with reconstituted soft water, each compartment
housing a single individual. Measurements of TL,
calculation of time per measurement values, and CV
values of each larva for each investigator were then
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Figure 1. Measurement of adult marbled salamander snout-vent length (SVL) using the ’bent line’ function of Image J image analysis
software. Plastic rulers are included in each photo for the purposes of calibration, and Image J provides data in tabular form after each
measurement (see upper right corner), which can easily be transferred to other formats.

conducted as described for adult marbled salamanders.
All statistical analyses were performed using SAS
Version 9.1 (SAS Institute, Cary, North Carolina,
USA), and only P , 0.05 were deemed signiﬁcant.
We determined if caliper or digital image methods
resulted in signiﬁcant diﬀerences in recorded measurements using separate paired t-tests for each life
stage, with measurement method as the independent
variable and the 10 repeated measurements by each
investigator for each of 10 individuals (egg, adult or
larva) using both methods as the paired dependent
variables. We also determined if either measurement method resulted in signiﬁcant inter-observer
measurement variation using a nested analysis of
variance (ANOVA) for each life stage and measurement method; these analyses utilized investigator and the nested factor of subject (#1-10 for each
life stage) as independent variables and the 10
repeated measurement values of each subject as the
dependent variables. For adult and larval marbled
salamander life stages, we assumed a priori the
method resulting in larger measurement values to be
more accurate, as the non-linear body positioning
exhibited by these stages tends to artiﬁcially reduce

body lengths (Wise & Buchanan 1992). We also
assumed larger values to be more accurate for egg
stage salamanders, as measurement of any plane of
the egg aside from that crossing the true diameter
would result in artiﬁcially low values, given the true
diameter is the widest possible plane. To determine
if there were signiﬁcant diﬀerences in time required
to obtain an equivalent number of measurements
with traditional caliper methods or digital image
analyses, we conducted separate paired t-tests for
each life stage, with measurement method as the
independent variable and time per measurement
values of each investigator as the dependent
variable. Finally, we determined if measurement

Table 1. Results of paired t-tests of caliper (CP) and digital image
(DI) measurements for the three life stages of the marbled salamander. Mean measurement values (in mm 6 1 STD) for egg,
larval and adult stages consisted of the diameter, total length (TL)
and snout-vent length (SVL), respectively.
Life stage
Egg
Larva
Adult
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ȳ CP

ȳ DI

df

t

P

6.23 6 0.69 6.62 6 0.67 399 -24.40 , 0.0001
38.96 6 4.78 37.91 6 4.59 399
6.99 , 0.0001
55.08 6 4.87 56.55 6 5.10 399 -7.09 , 0.0001
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Table 2. Results of the nested analysis of variance for interobserver bias among measurements recorded with caliper (CI) or
digital image analysis (DI) methods for the three life stages of the
marbled salamander.

Table 4. Results of paired t-tests of mean coefficient of variation
(CV 6 1 SE) for caliper (CP) and digital image (DI) measurement
methods for the three life stages of the marbled salamander.
Life stage

Stage Method Numerator df Denominator df

F

P

Egg
Egg

CP
DI

3
3

36
36

0.86
1.44

0.4839
0.2478

Larva
Larva

CP
DI

3
3

36
36

21.39 , 0.0001
4.89
0.0059

Adult
Adult

CP
DI

3
3

36
36

14.91 , 0.0001
0.46
0.7096

methods diﬀered in their degree of precision using
paired t-tests for each life stage, with measurement
method and pooled CVs for all investigators as
independent and dependent variables, respectively.

Results and discussion
There were signiﬁcant diﬀerences in recorded measurements of focal subjects between caliper and
digital image methods for each life stage of marbled
salamanders (Table 1). Egg diameters and adult
SVLs obtained from digital images were signiﬁcantly larger than those from calipers, while the converse
was true for larval TLs. In addition to strict diﬀerences in measurement values, we also observed signiﬁcant inter-observer measurement variation using
both methods (Table 2). For both larval and adult
stage of marbled salamanders, measurements of the
same focal subjects diﬀered signiﬁcantly among investigators when utilizing caliper methods, but only
larval stage measurements diﬀered signiﬁcantly
when utilizing digital image analyses. There was no
signiﬁcant inter-observer measurement variation
detected for egg stage measurements obtained with
either caliper or digital image methods. With respect
to time per measurement values, digital image analyses were signiﬁcantly faster than equivalent numbers of caliper measurements for each life stage,

Table 3. Results of paired t-tests of mean time per measurement (in
seconds/measurement 6 1 STD) for caliper (CP) and digital image
(DI) measurement methods for the three life stages of the marbled
salamander.
Life stage
Egg
Larva
Adult

ȳ CP

ȳ DI

df

t

P

14.45 6 2.80
64.76 6 14.55
57.53 6 12.42

7.82 6 0.28
36.38 6 9.14
35.68 6 11.76

3
3
3

-4.95
-5.99
-7.16

0.0158
0.0093
0.0056

Egg
Larva
Adult

ȳ CP

ȳ DI

df

t

P

2.35 6 0.24
2.49 6 0.75
3.57 6 0.94

4.11 6 1.24
2.29 6 0.17
5.09 6 0.32

39
39
39

4.96
-1.04
5.78

, 0.0001
0.3044
, 0.0001

with digital image analyses requiring 38-46% less
time than caliper methods (Table 3). Finally, the
paired t-tests of CV values identiﬁed a signiﬁcant
eﬀect of measurement method on precision of repeated measurements, with digital image analyses
associated with signiﬁcantly higher variation than
caliper methods among egg and adult stages of
marbled salamanders (Table 4).
The results of our study indicate that there are
signiﬁcant diﬀerences in accuracy, precision, interobserver variation and time requirements between
measurements obtained with calipers and digital
image analyses. Overall, digital image analyses were
considerably faster than caliper methods when measuring all three life stages of marbled salamanders,
but the latter exhibited greater precision among repeated measurements. With respect to the accuracy
of measurements, our a priori assumptions were
supported for egg and adult stage salamanders, as
diameters, SVLs and TLs were signiﬁcantly larger
when utilizing digital image analyses. In contrast,
our assumption was not supported for larval salamanders as caliper methods resulted in signiﬁcantly larger TLs. Finally, measurements of the
same focal subjects among investigators resulted in
signiﬁcantly diﬀerent values when utilizing either
method among larval salamanders or calipers
among adult salamanders.
During the measurement process, the behaviour
of focal subjects contributed to the observed
discrepancies in measurement accuracy between
methods. When utilizing the ’salamander stick’ for
caliper measurements, adult salamanders consistently maintained non-linear body orientations
even when restrained within plastic bags, laterally
contorting the head, body and tail. Consequently,
our best eﬀorts to linearly orient focal subjects resulted in SVLs that were smaller than the known
values. In contrast, the use of digital images allowed
adult salamanders to move freely, as this technique
does not require linear body orientations, resulting
in more accurate SVL measurements. Based on
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these observations, we hypothesized the freedom of
movement aﬀorded to focal subjects by digital
image analyses, combined with reduced handling
times, results in minimized handling stress relative
to caliper measurements as well as increased measurement accuracy.
With regard to the accuracy of larval measurements, we initially hypothesized that larger measurement values would be more accurate estimates
of TL for the same reasons as indicated for adults.
However, when attempting to obtain caliper measurements, we observed that contact between the
calipers and either the anterior end of the snout or
the posterior end of the tail resulted in larvae ﬂeeing
and/or rapidly undulating the body. Given this response, in most cases we were unable to ascertain
the most accurate estimate of total length, which
would require simultaneous contact of the calipers
with both the snout and tail while larvae maintained
a linear body position. Consequently, we believe
caliper measurements overestimated larval lengths
and digital image analyses, although providing relatively smaller measures of larval size, actually provided more accurate measurements. The frequent
escape/stress behaviours observed during caliper
measurements also suggest that digital image
analyses minimize handling stress for aquatic organisms, as the latter method does not require physical contact between investigator and focal organism.
Although our results indicate overall increases in
measurement accuracy with digital images relative
to calipers, we also identiﬁed a signiﬁcant trade-oﬀ
between measurement accuracy and precision. For
both egg and adult stage salamanders, repeated
measurements of a single focal subject were, on
average, 43-75% more variable with digital image
analyses than with calipers, but there were no differences in measurement variability between methods for larvae. To determine if our estimate of measurement variation could be considered within the
acceptable levels for research, we derived CV values
for 38 populations of Ambystoma spp. (15 adult
SVL CVs, 13 larvae TL or SVL CVs, and 10 egg
diameter CVs) from previous studies (Kaplan 1980,
Semlitsch 1985, Walls & Altig 1986, Semlitsch et al.
1988, Scott 1994). Adult SVL, larval TL/SVL and
egg diameter CVs from these populations ranged
within 1.2-21.1, 4.2-15.6, and 3.0-28.2, respectively,
with mean CVs (6 1 SD) of 6.7 6 5.4, 6.6 6 3.1, 9.0
68.0 for adults, larvae and eggs. Although these

CVs are not derived from repeated measurements of
a single focal subject as in our study, they provide a
relative indication of variation inherent in studies of
these species. Therefore, despite the reduced precision of digital image measurements relative to those
from calipers, measurement variation by the former
is still well within the established range for these
species, and these ﬁndings indicate that the increases
in accuracy aﬀorded by digital image analyses are
not completely oﬀset by reduced precision.
With regard to inter-observer variation, both
measurement methods resulted in signiﬁcantly different values when multiple investigators measured
a common focal subject. However, digital image
analyses slightly outperformed caliper methods, as
signiﬁcant diﬀerences in measurement values were
seen in two marbled salamander stages using the
former, whereas only one stage exhibited signiﬁcant
variation with digital image analyses. As many ﬁeld
studies employ multiple technicians and/or investigators in obtaining measurements, reduced interobserver measurement variation represents a considerable advantage of digital image analyses.
In conclusion, increased accuracy and reduced
time, inter-observer variation and limited handling
of focal subjects aﬀorded by digital image analyses
make this technique an attractive alternative to
traditional caliper measurement techniques utilized
in wildlife research. Although our study was limited
to a single species, we believe digital image analyses
may be suitable for obtaining linear and non-linear
length measurements from any focal subject or focal
measurement characterized by a planar surface.
Such subjects may include, but are not limited to,
snakes, feathers, bones, ﬁsh and leaves, as well as
linear segments of non-linear objects such as egg,
tree and bone diameters. In addition, the recent
reductions in the cost of digital cameras and image
analysis software packages, minimal storage space
required for digital images and ease of learning digital image analysis procedures provide even further
support for their utility in future research.
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