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Abstract.—Models relating morphological measures to body size are of great value in crocodilian research and 
management.  Although scat morphometrics are widely used for estimating the body size of large mammals, these 
relationships have not been determined for any crocodilian.  To this end, we collected scats from Siamese Crocodiles 
(Crocodylus siamensis) and American Alligators (Alligator mississippiensis) to determine if maximum scat diameter 
(MSD) could be used to predict total length (TL) in these species.  We obtained scats from 19 and 22 C. siamensis 
and A. mississippiensis, respectively, and evaluated the relationship between MSD and TL using logarithmic 
regression models.  We found significant positive relationships between MSD and TL for both species.  We attribute 
this relationship to anatomical constraints imposed on MSD by pelvic aperture width, which in turn correlates to 
body size.  We found the MSD-TL relationship is similar for C. siamensis and A. mississippiensis.  Our models can be 
used to increase precision of body size estimates in scat-based population surveys and dietary studies, and estimate 
the body size of nesting females.
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Introduction

Knowledge of individual body size and the size-class 
structure of populations is fundamental for crocodilian 
research, management, and conservation because size 
rather than age is the primary driver of demographic 
and reproductive processes (Webb and Smith 1987; 
Warner et al. 2016).  Obtaining accurate data on body 
size is challenging and generally involves capturing and 
measuring wild crocodilians (e.g., Webb and Messel 
1978; Montague 1984; Hutton 1987; Warner et al. 2016; 
Labarre et al. 2017).  The ability to infer body size of 
crocodilians, however, particularly of rare and cryptic 
species, without having to capture them is advantageous 
to biologists because of logistics, budgetary constraints, 
safety, and animal welfare issues associated with 
capturing animals (Montague 1984; Platt et al. 2009; 

Marcip-Rios et al. 2012).  This is particularly true with 
regards to large adult crocodiles, which not only pose a 
safety hazard to investigators, but are prone to mortality 
from severe anoxic acidosis brought on by prolonged 
struggle during capture (Seymour et al. 1987).  Given 
these concerns, predictive models that relate indirect 
morphological measures to body size are obviously 
useful in studies of crocodilians (Platt et al. 2009; 
Marcip-Rios et al. 2012).  These models allow estimation 
of body size from skulls and other remains (Webb and 
Messel 1978; Thorbjarnarson and McIntosh 1987; Hall 
and Portier 1994; Woodward et al. 1995; Platt et al. 
2006), calibrated photographs (Choquenot and Webb 
1987; Stewart 1988), heads observed during nocturnal 
spotlight counts (Fukuda et al. 2013), harvested skins 
(Webb et al. 2012), and tracks (Singh and Bustard 1977; 
Platt et al. 1990; Thorbjarnarson and Hernandez 1993; 
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Swanepoel et al. 2000; Wilkinson and Rice 2000).  
The use of scat (dung) morphometry as an indirect 

measure of body size in crocodilians has received 
surprisingly little attention from investigators.  
Crocodilian scat (Fig. 1) is distinctive in appearance 
(white-gray-brown solid organic matrix, fusiform with 
rounded terminus, and occasionally containing scales, 
feathers, and hair, but rarely bone), relatively easy to 
locate in the field, and can remain intact for months, and 
as such represents a potentially rich source of population 
data (Fisher 1981; Singh 2000; Bezuijen 2010; Milan 
and Hedegaard 2010; Brito et al. 2011).  Simpson (2006) 
recommended using scat diameter to estimate individual 
body size of Siamese Crocodiles (Crocodylus siamensis) 
during population surveys but noted the relationship 
between scat diameter and body length had yet to be 
established.  In lieu of predictive models, Bezuijen et al. 
(2013) used diameter measurements to assign individual 
scats to relatively broad size-classes (adults and 
juveniles) during population studies of C. siamensis in 
Lao, People’s Democratic Republic (PDR).  Likewise, 
according to Singh (2000), the morphometry of intact 
scat can be used to determine the age-class (juvenile, 
young adult, large adult) of Mugger (Crocodylus 
palustris).  Sam et al. (2015) distinguished individual 
crocodiles on the basis of scat diameter in combination 
with track length when estimating the size of small 
C. siamensis populations in Cambodia.  Prasad et al. 
(2018) used the presence of scat and tracks to identify 

occurrence hotspots when mapping the distribution of 
C. palustris at a wildlife sanctuary in India.  

Scat morphometry is widely employed to estimate 
body size and age of elephants, ungulates, and primates 
(Coe and Carr 1983; Jachmann and Bell 1984; Putnam 
1984; Reilly 2002; Morrison et al. 2005; Parnell 2006).  
For example, Jachmann and Bell (1984) determined the 
age-class structure of an African Elephant (Loxodonta 
africana) population in Malawi based on scat 
morphometrics, Reilly (2002) used measures of scat 
diameter to predict body size and age of Asian Elephants 
(Elephas maximus sumatranus) in Sumatra, and Parnell 
(2006) recommended using scat morphometrics to 
assess changes in the age-class structure of Lowland 
Gorilla (Gorilla gorilla) populations in central Africa.  
Although scat circumference was used in some studies 
of large mammals (e.g., Jachmann and Bell 1984), 
maximum scat diameter is easier to measure in the field 
and considered a more precise metric when related to 
body size (Reilly 2002; Morrison et al. 2005).  Reilly 
(2002) suggested similar approaches might be useful 
for studying other species once the relationship between 
scat morphometry and body size has been determined.  

An obvious first step towards successfully using scat 
morphometrics in field studies of crocodilians is to 
establish the relationship between scat morphometry 
and body size among this group.  We present the results 
of a study to determine if a relationship exists between 
scat diameter and body size among a group of captive C. 

Figure 1.  Crocodilian scat.  (a-b) Fresh and (c) dried Siamese Crocodile (Crocodylus siamensis) scat photographed during population 
surveys of wetlands in Savannakhet Province, Laos.  (d) Fresh American Alligator (Alligator mississippiensis) scat on a levee in coastal 
Louisiana, USA.  (e) Distal end of the large intestine removed from an American Alligator with fully formed scat immediately prior to 
deposition.  (f) Female American Alligator defending a nest; note dried scat (white) on top of nest mound.  (g) Close-up of dried American 
Alligator scat on another nest mound. (a–c photographed by Steven G. Platt; d–e and g photographed by Ruth M. Elsey; f photographed 
by Matt Hamilton).
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siamensis, and both wild and captive American Alligators 
(Alligator mississippiensis).  Our specific objectives 
were (1) to determine if scat diameter is related to total 
length [TL] in C. siamensis and A. mississippiensis, (2) 
present predictive models describing these relationships, 
and (3) determine if these relationships differ between 
the two species. 

Materials and Methods

Scats from Crocodylus siamensis.—We obtained 
scats from two groups of captive C. siamensis held at the 
Lao Zoo near Vientiane, Lao, PDR during 2011–2013.  
The first group (Group 1) consisted of 12 juvenile, 
subadult, and adult crocodiles (85–282 cm TL) selected 
from a large communal enclosure in December 2011.  We 
measured each crocodile (see below), placed them in an 
individual pen, and provided them with food ad libitum 
on alternate days.  We maintained crocodiles in these 
pens during January and February, and then returned 
them to the communal enclosure in early March 2012.  
In late April 2013, we selected a second group (Group 
2) of 15 different crocodiles (92–257 cm TL) from the 
communal enclosure, which we measured, sequestered 
in individual pens, and fed ad libitum on alternate 
days.  We held crocodiles from late April through July 
before returning them to the communal pen.  The diet of 
both groups consisted of a mixture of freshwater fish, 
whole Domestic Chickens (Gallus g. domesticus), and 
occasionally rats (Rattus sp.) depending on availability.     

Prior to being placed in individual pens, we 
determined TL (distance from the anterior tip of the 
snout to the posterior tip of the tail measured along the 
ventral surface) of each crocodile with a steel tape to 
the nearest 0.1 cm.  We excluded crocodiles missing 
the distal portion of the tail (Webb and Messel 1978; 
Wilkinson et al. 2016) from our study.  TL is a standard 
measure of body size and consistent with previous 
morphometric studies of crocodilians (e.g., Webb and 
Messel 1978; Platt et al. 2009, 2011; Wilkinson et al. 
2016; Edwards et al. 2017).

We monitored individual crocodile pens at least once 
daily (usually before 1000) and recovered any scats 
present.  We measured the maximum diameter of each 
scat (MSD) with a pair of dial calipers to nearest 0.1 
mm.  We excluded scats flattened or otherwise distorted 
by the crocodile after deposition (e.g., Milan and 
Hedegaard 2010) from our study.  If multiple scats were 
deposited by the same crocodile during the penning 
period, we selected the scat with the greatest diameter 
for use in our analyses.

Scats from Alligator mississippiensis.—We collected 
scat from captive and wild A. mississippiensis during 
2013–2018 at Rockefeller Wildlife Refuge (RWR), 

a 28,700 ha protected area owned by the Louisiana 
Department of Wildlife and Fisheries in Cameron and 
Vermilion parishes, Louisiana, USA.  Captive alligators 
(n = 6) we used in our study were neonates, juveniles, 
and subadults hatched from eggs collected on RWR, 
reared in controlled environmental chambers of varying 
size (Joanen and McNease 1976), housed in groups of 
three to 25 depending on body size and penning density, 
which we fed a commercial pelletized ration (1–2 times 
weekly).  To collect scat, we transferred alligators to 
individual holding tanks and maintained them there 
until they defecated.  We made daily inspections of 
holding tanks and removed and measured any scat 
present, after which we returned the alligators to the 
environmental chambers.  In some cases, we captured 
wild alligators and temporarily maintained each in an 
individual pen until a fecal sample was produced, after 
which the animal was released (n = 6).  We obtained 
additional scat from the lower gastrointestinal tract of 
wild alligators sacrificed for other studies (n = 9).  We 
collected one scat sample from atop an alligator nest 
mound after capturing and measuring the attending 
female, and assumed this female deposited the scat.  

We measured MSD with digital calipers and as 
with C. siamensis, distorted or flattened scats were not 
included in our analyses.  Because composition of the 
diet can influence scat size and consistency (Weaver and 
Fritts 1979; Chame 2003), we acknowledge that using 
scats from both captive and wild A. mississippiensis 
could potentially bias our results, but considered this 
unavoidable owing to the difficulties of assembling a 
sufficiently large sample for analysis. Likewise, we 
recognize that differences in size and shape could exist 
between scats removed from the lower gastrointestinal 
tract and those recovered after defecation; however, any 
such differences were not readily obvious to us.  We 
measured the TL of each alligator as described for C. 
siamensis and excluded alligators missing the distal 
portion of the tail from our study.

Data analyses.—We performed statistical analyses 
using R version 3.3.1 (R Development Core Team 2016).  
We tested the assumptions of normality (Shapiro-Wilk 
Test) and homoscedasticity (Levene’s Test) for each 
species data set (Legendre and Legendre 2012).  Our 
data were normally distributed and homoscedastic.  The 
relationship between MSD and TL appeared curvilinear 
for both C. siamensis and A. mississippiensis, and 
the curvilinearity of these relationships could not 
be transformed to fit a simple linear regression.  We 
therefore used a log-linear model of the form Y = A + B 
(logX) ± standard error (SE) to determine the predictive 
relationship between MSD (in mm) and TL (in cm), 
and we treated MSD as the independent variable that 
we regressed against TL.  Our selection of the log-
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linear model was based on comparisons of the adjusted 
r2 and associated P-value.  The standard error of the 
estimate is given by the square root of the residual mean 
square (Zar 2009).  To determine if the relationship 
between MSD and TL differed between C. siamensis 
and A. mississippiensis, we compared the slopes of the 
regression lines for each species using an Analysis of 
Covariance (ANCOVA) with MSD as the covariate 
(Dytham 2003).  We considered differences significant 
at P ≤ 0.05.   

     
Results

We obtained one to three undamaged, measurable 
quality scats from 19 of 27 (70.3%) C. siamensis 
individually penned at the Lao Zoo.  Fourteen crocodiles 
produced single scats, while two and three crocodiles 
each produced three and two scats, respectively.  For 
crocodiles that produced multiple scats (n = 5), the 
intra-individual variability in scat diameter ranged 
from 0.01 to 0.10 of the MSD for that individual.  The 
TL of crocodiles that produced scats ranged from 73 
to 282 cm and MSD ranged from 8.0 to 54.0 mm.  
We found a significant positive relationship between 
MSD and TL (F1,17 = 161.8, P < 0.001; r2 = 0.90) in 
C. siamensis (Fig. 2; Table 1).  We obtained single, 
undamaged, and measurable quality scats from 22 A. 
mississippiensis ranging in TL from 26.5 to 252.7 cm 
at RWR.  The MSD of our sample ranged from 5.4 to 
45.0 mm.  We found a significant positive relationship 
between MSD and TL (F1,20 = 55.90, P < 0.001; r2 

= 0.72) in A. mississippiensis (Fig. 3; Table 1).  Our 
comparison of the MSD-TL relationship between C. 
siamensis and A. mississippiensis found no significant 
interaction (F1,37 = 3.500, P = 0.070) between MSD and 
species.  Because the effect of MSD on TL appears to 
be independent of species (i.e., the relationships for 
each species have similar slopes), we pooled the data 
from C. siamensis and A. mississippiensis and repeated 
our logarithmic regression analysis.  We found a 
significant positive relationship (F1,39 = 196.3, P < 
0.001; r2 = 0.83) between MSD-TL in the combined 
(C. siamensis + A. mississippiensis) log-linear model 
(Fig. 4; Table 1).   

Figure 4.  Bivariate plot showing total length (TL) as a function 
of maximum scat diameter (MSD) for the combined data sets of 
the Siamese Crocodile (Crocodylus siamensis) and the American 
Alligator (Alligator mississippiensis), where TL = 117.32 + 
76.86(logMSD) ± 32.93 standard error.  Dark circles = Alligator 
mississippiensis, open circles = Crocodylus siamensis, and shaded 
area represents 95% confidence interval.

Figure 2.  Bivariate plots showing total length (TL) as a function 
of maximum scat diameter (MSD) in the Siamese Crocodile 
(Crocodylus siamensis) where TL = 131.58 + 70.98(logMSD) 
± 23.73 standard error.  Shaded area represents 95% confidence 
interval.  

Figure 3.  Bivariate plots showing total length (TL) as a function 
of maximum scat diameter (MSD) in the American Alligator 
(Alligator mississippiensis) where TL = 98.46 + 79.90(logMSD) 
± 36.44 standard error. Shaded area represents 95% confidence 
interval.   

Intercept (a) Slope (b) ± SE r2 F n

Crocodylus siamensis 131.58 70.98 23.73 0.90 161.8* 19

Alligator mississippiensis 98.46 79.90 36.44 0.72 55.90* 22

C. siamensis + A. mississippiensis 117.32 76.86 32.93 0.83 196.3* 41

Table 1.  Logarithmic regression equations predicting Total Length (TL) from Maximum Scat Diameter (MSD) in Siamese Crocodile 
(Crocodylus siamensis), American Alligator (Alligator mississippiensis), and both species combined.  Logarithmic regression equation of 
the form TL = a + b(logMSD) ± standard error (SE).  An asterisk (*) denotes P < 0.001.
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Discussion

Our study demonstrates that a significant positive 
relationship exists between MSD and TL in C. siamensis 
and A. mississippiensis.  As such, measurements of MSD 
can be used to reliably predict TL in C. siamensis and 
A. mississippiensis and probably other crocodilians as 
well.  While previous workers have inferred the relative 
body size of crocodilians from scat morphometry (Singh 
2000; Kanwatanakid-Savini et al. 2012; Bezuijen et al. 
2013: Sam et al. 2015), our study is the first to confirm 
and quantify this relationship.  The relationship between 
MSD and body size probably results from constraints 
imposed on scat diameter by the width of the pelvic 
aperture through which the large intestine passes en 
route to the cloaca (Richardson et al. 2002).  The width 
of the pelvic aperture in turn allometrically scales to 
body size (Iverson and Hedrick 2018).  Pelvic aperture 
diameter is also thought to constrain egg width in some 
crocodilians for the same reasons (Thorbjarnarson 1994; 
Larriera et al. 2004; Platt et al. 2008).  In at least some 
species of turtles, this relationship appears to relax at 
larger body sizes (e.g., Rollinson and Brooks 2008), 
which may partly explain the curvilinearity of our 
data.  Our results also indicate the slope of the MSD-
TL relationship is similar for both C. siamensis and 
A. mississippiensis, possibly reflecting a more general 
underlying relationship among the Crocodylia.  

Being able to reliably estimate the body size 
of crocodilians from MSD has several potential 
applications for research and management.  First, our 
models can increase the precision of body size estimates 
in scat-based population surveys.  Crocodile surveys 
typically rely on nocturnal spotlight counts to determine 
the relative abundance and demographic structure of 
populations (Bayliss 1987; Nichols 1987); however, 
spotlight counts are ineffectual or of limited use in some 
habitats (particularly densely vegetated wetlands and 
swift-flowing rocky rivers) and alternate methods such 
as track and/or scat surveys must be employed to assess 
populations (Simpson 2006; Kanwatanakid-Savini et al. 
2012; Platt et al. 2014a; Sam et al. 2015).  Scat surveys 
have been used to confirm occupancy (Thorbjarnarson 
et al. 2004; Sam et al. 2015; Whitaker 2015; Ouedraogo 
et al. 2016; Fellows 2019), determine encounter rates 
(Starr et al. 2010; Kanwatanakid-Savini et al. 2012; Sai 
et al. 2016), and broadly assign individuals to size- and 
age-classes (Bezuijen et al. 2013; Sam et al. 2015).  Our 
models complement these approaches by allowing more 
precise estimates of body size, thereby providing greater 
insight into the size-class structure of difficult-to-survey 
populations, a critical consideration when evaluating the 
conservation status of rare and endangered crocodilians 
(e.g., Kanwatanakid-Savini et al. 2012; Platt et al. 
2014a; Sai et al. 2016). 

Scat-based population surveys are particularly well-
suited for community conservation programs that rely 
on the participation of citizen-scientists with minimal 
formal training (Parnell 2006; Starr et al. 2010; Platt et 
al. 2014b).  Scat surveys can be conducted throughout 
most of the year (except the wettest months); crocodile 
scat is conspicuous, easy to locate and unlikely to be 
misidentified, persists in the environment, can be 
collected and stored for extended periods (Simpson 
2006; Platt et al. 2014a), and most importantly, scat 
diameter can be reliably measured by citizen-scientists 
in the field (Parnell 2006; Simpson 2006).  This has 
been amply demonstrated by reports from Cambodia 
(Simpson 2006; Starr et al. 2010) and our experience 
in Lao, PDR (Platt et al. 2014b) where trained villagers 
participating in community conservation programs 
collect C. siamensis scats that are used to determine 
occupancy, monitor populations, and estimate the size 
of nesting female crocodiles (see below).  

Our models can also be used to estimate the body size 
of nesting female crocodilians from scats deposited at 
the nest site.  In crocodilians, fecundity and reproductive 
success are related to female body size (Ferguson 
1985), which is therefore a metric of great interest to 
investigators (Thorbjarnarson and Hernandez 1993; 
Thorbjarnarson 1994; Platt et al. 2008).  For a variety 
of reasons, determining the size of nesting female 
crocodilians can be challenging (Platt et al. 1990; 
Wilkinson and Rice 2000).  Females may be absent or 
extremely wary when investigators are present at the 
nest (Platt et al. 1990; Wilkinson and Rice 2000), and 
moreover, capturing attending females at the nest can 
result in abandonment, thereby increasing the likelihood 
of nest loss to predators (Kushlan and Mazzotti 1989; 
Beauchamp et al. 2018).  For reasons that remain 
unknown (but possibly related to pheromonal marking; 
see Liu 2013), however, female crocodilians frequently 
deposit scat at the nest (Hayes-Odum et al. 1993; 
Eversole et al. 2013; Liu 2013; Ferguson et al. 2016; 
Eversole and Henke 2018).  If the assumption is made 
that scat found at a nest was deposited by the nesting 
female rather than another conspecific, diameter 
measures provide an indirect means to estimate body 
size without having to directly observe or capture the 
attending female.

Scat-based dietary studies offer another potential 
application for our models.  Scat analyses are rarely used 
in studies of crocodilian diet (but see Casas-Andreu and 
Quiroz 2003; Simpson and Han 2004; Bezuijen 2010; 
Sam et al. 2015), in part because of biases associated 
with the differing digestibility of various prey types.  
Fish scales and chitinous (insects and crustaceans) and 
keratinous (feathers and mammal hair) remains are 
frequently recovered from scat samples, while readily 
digestible soft-bodied prey (anurans) and bones are 



 330   

Platt et al.—Using measures of scat diameter to estimate body size in crocodilians.

generally absent (Fisher 1981; Simpson and Han 2004; 
Bezuijen 2010).  That said, differential digestion of 
prey types is a common source of bias in studies of 
crocodilian diet regardless of the method used to recover 
prey items (Jackson et al. 1974; Magnusson et al. 1987). 

Scat analyses have been used for characterizing 
crocodilian diets (Simpson and Han 2004; Sam et al. 
2015), although without a means to estimate the body 
size of individuals associated with particular scats, size-
related dietary differences (e.g., Thorbjarnarson 1993; 
Tucker et al. 1996; Platt et al. 2006, 2013; Wallace and 
Leslie 2008) cannot be determined.  Recognizing this 
limitation, previous workers have typically assigned 
scats to broad age-size classifications (juveniles or adults) 
based on diameter, with similarly broad categorization 
of the diet (Simpson and Han 2004; Bezuijen 2010).  
Our models can provide greater resolution to scat-
based dietary studies by allowing more precise body 
size estimates to be assigned to individual scats, in turn 
making possible the detection of ontogenetic dietary 
trends, which are crucial for understanding the trophic 
ecology of crocodilians (Lang 1987; Grigg and Kirshner 
2015).  Bias associated with differing digestibility of 
prey can be minimized by analyzing differences within 
rather than among prey categories under the assumption 
that remains of different prey within any one prey 
category persist in the digestive tract for similar periods 
(Magnusson et al. 1987; Thorbjarnarson 1993; Platt et 
al. 2013).   

In summary, our study demonstrates that a significant 
positive relationship between MSD and measures of TL 
exists in at least two species of crocodilians (C. siamensis 
and A. mississippiensis).  Given the conservative body 
plan of the Crocodylia (Grigg and Kirshner 2015), 
we posit that this relationship likely applies to other 
members of the order.  Research on other species 
is therefore warranted to develop species-specific 
predictive models for use in research and management.  

Acknowledgements.—Financial support for our 
work in Lao, PDR was provided by MMG Limited and 
LMXL Sepon.  We are grateful for the assistance and 
collaborative support provided throughout this project by 
the Department of Forest Resources and Management, 
Ministry of Natural Resources and Environment, 
the Provincial and District Offices of the Ministry of 
Natural Resources and Environment (Savannakhet), 
and Lao Zoo.  No permits were required for conducting 
this research.  Dwayne LeJeune and Mickey Miller 
assisted with scat collection at Rockefeller Wildlife 
Refuge.  Will Selman, Deb Levinson, and Tony Lynam 
are thanked for insightful comments and providing 
literature.  This paper represents Technical Contribution 
Number 6722 of the Clemson University Experiment 
Station, Clemson, South Carolina, USA.     

 Literature Cited

Bayliss, P. 1987. Survey methods and monitoring within 
crocodile management programmes. Pp. 157–175 
In Wildlife Management: Crocodiles and Alligators. 
Webb, G.J.W., S.C. Manolis, and P.J. Whitehead 
(Eds.). Surrey Beatty & Sons Pty. Ltd., Sydney, 
Australia.

Beauchamp, J.S., K.M. Hart, M.S. Cherkiss, and 
F.J. Mazzotti. 2018. Variation in home range size 
and patterns in adult female American Crocodiles 
Crocodylus acutus. Endangered Species Research 
36:161–171.

Bezuijen, M.R. 2010. Crocodylus siamensis (Siamese 
Crocodile). Diet. Herpetological Review 41:68–69. 

Bezuijen, M.R., J.H. Cox, Jr., J.B. Thorbjarnarson, C. 
Phothitay, M. Hedermark, and A. Rasphone. 2013. 
Status of Siamese Crocodile (Crocodylus siamensis) 
Schneider, 1801 (Reptilia: Crocodylia) in Laos. 
Journal of Herpetology 47:41–65.

Brito, J.C., F. Martínez-Freiréa, P. Sierra, N. Sillero, and 
P. Tarrosa. 2011. Crocodiles in the Sahara Desert: 
an update of distribution, habitats and population 
status for conservation planning in Mauritania. 
PLoS ONE 6:1–10 https:// doi.org/10.1371/journal.
pone.0014734.

Casas-Andreu, G., and G.B. Quiroz. 2003. Hábitos 
alimenticios de Crocodylus acutus (Reptilia: 
Crocodylidae) determinados por el análisis de sus 
excretas en la costa de Jalisco, México. Anales 
del Institutio de Biología, Universidad Nacional 
Autónoma de México, Serie Zoología 74:35–42.   

Chame, M. 2003. Terrestrial mammal feces: a 
morphometric summary and description. Oswaldo 
Cruz Memorial Institute 98:71–94.

Choquenot, D., and G.J.W. Webb. 1987. A photographic 
technique for estimating the size of crocodiles seen 
in spotlight surveys and quantifying observer bias. 
Pp. 217–224    In Wildlife Management: Crocodiles 
and Alligators. Webb, G.J.W., S.C. Manolis, and P.J. 
Whitehead (Eds.). Surrey Beatty & Sons Pty. Ltd., 
Sydney, Australia.

Coe, M.J.R., and R.D. Carr. 1983. The relationship 
between large ungulate weight and faecal pellet 
weight. African Journal of Ecology 21:165–171. 

Dytham, C. 2003. Choosing and Using Statistics: A 
Biologist’s Guide. Blackwell Publishing, Oxford, 
UK.

Edwards, G.P., G.J. Webb, S.C. Manolis, and A. 
Mazanov. 2017. Morphometric analysis of the 
Australian Freshwater Crocodile (Crocodylus 
johnstoni). Australian Journal of Zoology 65:97–111.

Eversole, C.B., and S.E. Henke. 2018. Effects of Red 
Imported Fire Ants (Solenopsis invicta) presence 
on success and depredation of American Alligator 



 331   

Herpetological Conservation and Biology

(Alligator mississippiensis) nests: potential value 
of a non-native invasive species. Herpetological 
Review 49:22–25.

Eversole, C.B., S.E. Henke, R.L. Powell, and L.W. 
Janik. 2013. Effect of drought on clutch size 
and hatchling production of American Alligators 
(Alligator mississippiensis) in Texas. Herpetological 
Conservation and Biology 8:756–763.

Fellows, S. 2019. A survey of the abundance, population 
structure, and distribution of the Mugger (Crocodylus 
palustris) using day ground surveys in District 
Bhopal and its impact on the community. Wildlife 
and Biodiversity 1:1–9. 

Ferguson, A.L., D.J. Varricchio, C.I. Piña, and F.D. 
Jackson. 2016. From eggs to hatchlings: nest site 
taphonomy of the American Crocodile (Crocodylus 
acutus) and Broad-snouted Caiman (Caiman 
latirostris). Palaios 32:337–348.

Ferguson, M.W.J. 1985. Reproductive biology and 
embryology of the crocodilians. Pp. 329–491 In 
Biology of the Reptilia. Volume 14. Gans, C., F. 
Billet, and P.F.A. Maderson (Eds.).  John Wiley & 
Sons, New York, New York, USA.

Fisher, D.C. 1981. Crocodilian scatology, 
microinvertebrate concentrations, and enamel-less 
teeth. Paleobiology 7:262–275.

Fukuda, Y., K. Saalfeld, G. Lindner, and T. Nichols. 
2013. Estimation of total length from head length 
of Saltwater Crocodiles (Crocodylus porous) in 
the Northern Territory of Australia. Journal of 
Herpetology 47:34–40.

Grigg, G., and D. Kirshner. 2015. Biology and Evolution 
of Crocodylians. Cornell University Press, Ithaca, 
New York, USA. 

Hall, P.M., and K.M. Portier. 1994. Cranial morphometry 
of New Guinea Crocodiles (Crocodylus 
novaeguineae): ontogenetic variation in relative 
growth of the skull and an assessment of its utility 
as a predictor of the sex and size of individuals. 
Herpetological Monographs 8:203–225.

Hayes-Odum, L.A., D. Valdez, M. Lowe, L. Weiss, 
P.A. Reif, and D. Jones. 1993. American Alligator 
(Alligator mississippiensis) nesting at an inland 
Texas site. Texas Journal of Science 45:51–61.

Hutton, J.M. 1987. Morphometrics and field estimation 
of the size of the Nile Crocodile. African Journal of 
Ecology 25:225–230. 

Iverson, J.B., and A.R. Hedrick. 2018. Pelvic constraint 
on egg size is unlikely in Snapping Turtles 
(Chelydridae; Chelydra). Herpetological Review 
49:450–452.

Jachmann, H., and R.H.V. Bell. 1984. The use of 
elephant droppings in assessing numbers, occurrence 
and age structure: a refinement of the method. 
African Journal of Ecology 22:127–141.

Jackson, J.F., H.W. Campbell, and K.E. Campbell. 
1974. The feeding habits of crocodilians: validity 
of the evidence from stomach contents. Journal of 
Herpetology 8:378–381.

Joanen, T., and L. McNease. 1976. Culture of immature 
American Alligators in controlled environmental 
chambers. Proceedings of the Annual World 
Mariculture Society 7:201–211.

Kanwatanakid-Savini, C., M. Pliosungnoen, 
A. Pattanavibool, J.B. Thorbjarnarson, C. 
Limlikhitaksorn, and S.G. Platt. 2012. A survey 
to determine the conservation status of Siamese 
Crocodiles in Kaeng Krachan National Park, 
Thailand. Herpetological Conservation and Biology 
7:157–168. 

Kushlan, J.A., and F.J. Mazzotti. 1989. Population 
biology of the American Crocodile. Journal of 
Herpetology 23:7–12.  

Labarre, D., P. Charruau, S.G. Platt, T.R. Rainwater, J.R. 
Cedeño-Vázquez, and H. González-Cortés. 2017. 
Morphological diversity of the American Crocodile 
(Crocodylus acutus) in the Yucatán Peninsula. 
Zoomorphology 136:387–401. 

Lang, J.W. 1987. Crocodilian behaviour: implications for 
management. Pp. 273–294 In Wildlife Management: 
Crocodiles and Alligators. Webb, G.J.W., S.C. 
Manolis, and P.J. Whitehead (Eds.). Surrey Beatty & 
Sons Pty. Ltd., Sydney, Australia.

Larriera, A., C. Piña, P. Siroski, and L.M. Verdade. 2004. 
Allometry of reproduction in wild Broad-snouted 
Caiman (Caiman latirostris). Journal of Herpetology 
38:301–304.

Legendre P., and L.F. Legendre. 2012. Numerical 
Ecology. Elsevier, Amsterdam, Netherlands. 

Liu, V.H. 2013. Chinese Alligators: observations at 
Changxing Nature Reserve and breeding center. 
IRCF Reptiles & Amphibians: Conservation and 
Natural History 20:172–183. 

Magnusson, W.E., E.V. Da Silva, and A.P. Lima. 
1987. Diets of Amazonian crocodilians.  Journal of 
Herpetology 21:85–95.

Marcip-Rios, R., M. Fernandez-Aguilar, G. Barrios-
Quiroz, and G. Casas-Andreu. 2012.  Indirect 
morphological measures to infer body size in a 
wild population of the Chiapas Spectacled Caiman, 
Caiman crocodilus chiapasuis (Bocourt, 1876). 
Herpetological Conservation and Biology 7:367–
375. 

Milan, J., and R. Hedegaard. 2010. Interspecific variation 
in tracks and trackways from extant crocodilians. 
New Mexico Museum of Natural History and 
Science Bulletin 51:15–30.

Montague, J.J. 1984. Morphometric analysis of 
Crocodylus novaeguineae from the Fly River 
drainage, Papua New Guinea. Australian Wildlife 



 332   

Platt et al.—Using measures of scat diameter to estimate body size in crocodilians.

Research 11:395–414.
Morrison, T.A., P.I. Chiyo, C.J. Moss, and S.C. Alberts. 

2005. Measures of dung bolus size for known-
aged African Elephants (Loxodonta africana): 
implications for age estimation. Journal of Zoology 
266:89–94.

Nichols, J.D. 1987. Population models and crocodile 
management. Pp. 177–187 In Wildlife Management: 
Crocodiles and Alligators. Webb, G.J.W., S.C. 
Manolis, and P.J. Whitehead (Eds.). Surrey Beatty & 
Sons Pty. Ltd., Sydney, Australia.

Ouedraogo, I., A. Oueda, M.E. Hema, I. Ouedraogo, 
D. Sirma, and B.G. Kabre. 2016. Impact of human 
activities on the distribution of crocodiles within the 
Nazinga Game Ranch, Burkina Faso. Pp. 35–40 In 
Crocodiles: Proceedings 24th Working Meeting of 
the International Union for Conservation of Nature 
and Natural Resources (IUCN), Crocodile Specialist 
Group, Gland, Switzerland.  

Parnell, R.J. 2006. Information from animal tracks and 
trails. Pp. 157–189 In Conservation Research in the 
African Rainforests: A Technical Handbook. White, 
L., and A. Edwards (Eds.). Wildlife Conservation 
Society, Bronx, New York, USA. 

Platt, S.G., C.G. Brantley, R.S. Cropanzano, and R.W. 
Hastings. 1990. A method for determining the size of 
nesting female alligators. Wildlife Society Bulletin 
18:296–298. 

Platt, S.G., R.H.P. Holloway, P.T. Evans, K. Paudyal, H. 
Piron, and T.R. Rainwater. 2006. Evidence for the 
historic occurrence of Crocodylus porosus Schneider, 
1801 in Tonle Sap, Cambodia. Hamadryad 30:206–
209.

Platt, S.G., T.R. Rainwater, A.G. Finger, J.B. 
Thorbjarnarson, T.A. Anderson, and S.T. McMurry. 
2006. Food habits, ontogenetic dietary partitioning 
and observations of foraging behaviour of Morelet’s 
Crocodile (Crocodylus moreletii) in northern Belize.
Herpetological Journal 16:281–290.

Platt, S.G., T.R. Rainwater, J.B. Thorbjarnarson, 
A.G. Finger, T.A. Anderson, and S.T. McMurry. 
2009. Size estimation, morphometrics, sex ratio, 
sexual size dimorphism, and biomass of Morelet’s 
Crocodile in northern Belize. Caribbean Journal of 
Science 45:1–14.  

Platt, S.G., T.R. Rainwater, J.B. Thorbjarnarson, and 
D. Martin. 2011. Size estimation, morphometrics, 
sex ratio, sexual size dimorphism, and biomass of 
Crocodylus acutus in the coastal zone of Belize. 
Salamandra 47:179–192. 

Platt, S.G., J.B. Thorbjarnarson, T.R. Rainwater, and 
D.R. Martin. 2013. Diet of the American Crocodile 
(Crocodylus acutus) in marine environments of 
coastal Belize. Journal of Herpetology 47:1–10.

Platt, S.G., T.R. Rainwater, J.B. Thorbjarnarson, and 

S.T. McMurry. 2008. Reproductive dynamics of a 
tropical freshwater crocodilian: Morelet’s Crocodile 
in northern Belize. Journal of Zoology 275:177–189. 

Platt, S.G., O. Thongsavath, P. Sisavath, P. Outhanekone, 
C.D. Hallam, A. McWilliams, and T.R. Rainwater. 
2014a. Assessing methodologies for monitoring 
Siamese Crocodile populations in Lao, PDR. Pp. 97–
111 In Crocodiles: Proceedings of the 23rd Working 
Meeting of the International Union for Conservation 
of Nature and Natural Resources (IUCN), Crocodile 
Specialist Group, Gland, Switzerland.

Platt, S.G., O. Thongsavath, P. Sisavath, P. Outhanekone, 
A. McWilliams, and C.D. Hallam. 2014b. 
Community-based Siamese crocodile conservation 
in Lao PDR. Crocodile Specialist Group Newsletter 
33:22–27. 

Prasad, K.K., C. Srinivasulu, A. Srinivasulu, G.R.K. 
Rao, and C. Shivaih. 2018. Reassessment of status 
and spatial analysis of the distribution of Crocodylus 
palustris in Manjeera Wildlife Sanctuary, Telangana 
State, India. Herpetological Conservation and 
Biology 13:569–575.

Putnam, R.J. 1984. Facts from faeces. Mammal Review 
14:79–97.

R Development Core Team. 2016. R: a language and 
environment for statistical computing. R Foundation 
for Statistical Computing, Vienna, Austria. http://
www.R-project.org.

Reilly, J. 2002. Growth of the Sumatran Elephant 
(Elephas maximus sumatranus) and age estimation 
based on dung diameter. Journal of Zoology 
258:205–213.

Richardson, K.C., G.J.W. Webb, and S.C. Manolis. 
2002. Crocodiles: Inside and Out. A Guide to the 
Crocodilians and Their Functional Morphology. 
Surrey Beatty & Sons, Pty. Ltd., Sydney, Australia.

Rollinson, N., and R.J. Brooks. 2008. Optimal offspring 
provisioning when egg size is “constrained”: a case 
study with the Painted Turtle Chrysemys picta. Oikos 
117:144–151.

Sai, M., B. Utete, E. Chinoitezvi, G.H. Moyo, and 
E. Gandiwa. 2016. A survey of the abundance, 
population structure, and distribution of Nile 
Crocodiles (Crocodylus niloticus) using day 
ground surveys in Sengwa Wildlife Research 
Area, Zimbabwe. Herpetological Conservation and 
Biology 11:426–433.

Sam, H., L. Hor, R. Nhok, P. Sorn, S. Heng, B. Simpson, 
A. Starr, S. Brook, J.L. Frechette, and J.C. Daltry. 
2015. Status, distribution and ecology of the Siamese 
Crocodile Crocodylus siamensis in Cambodia. 
Cambodian Journal of Natural History 2015:153–
164.

Seymour, R.S., G.J.W. Webb, A.F. Bennett, and D.F. 
Bradford. 1987. Effect of capture on the physiology 



 333   

Herpetological Conservation and Biology

of Crocodylus porosus. Pp. 253–257 In Wildlife 
Management: Crocodiles and Alligators. Webb, 
G.J.W., S.C. Manolis, and P.J. Whitehead (Eds.). 
Surrey Beatty & Sons Pty. Ltd., Sydney, Australia.

Simpson, B. 2006. Siamese Crocodile Survey and 
Monitoring Handbook. Fauna & Flora International, 
Phnom Penh, Cambodia. 

Simpson, B.K. and S. Han. 2004. Siamese Crocodile 
surveys in Cambodia. Pp. 110–120 In Crocodiles: 
Proceedings of the 17th Working Meeting of the 
International Union for Conservation of Nature and 
Natural Resources (IUCN), Crocodile Specialist 
Group, Gland, Switzerland.

Singh, L.A.K. 2000. Interpreting visual signs of the 
Indian Crocodile. Crocodile Specialist Group 
Newsletter 19:7–9. 

Singh, L.A.K., and H.R. Bustard. 1977. Locomotory 
behaviour during basking and spoor formation in 
the Gharial (Gavialis gangeticus). British Journal of 
Herpetology 5:673–676.

Starr, A., H. Sam, and J. Daltry. 2010. 2010 monitoring 
and nest surveys reveal status and threats of 
community-protected Crocodylus siamensis 
subpopulations in Cambodia. Crocodile Specialist 
Group Newsletter 29:7–9. 

Stewart, P. 1988. Techniques for photographic size 
estimation of crocodilians. Herpetological Review 
19:80–82. 

Swanepoel, D.G.J., N.S. Ferguson, and M.R. 
Perrin. 2000. Nesting ecology of Nile Crocodiles 
(Crocodylus niloticus) in Olifants River, Kruger 
National Park. Koedoe 43:35–46.

Thorbjarnarson, J.B. 1993. Diet of the Spectacled 
Caiman (Caiman crocodilus) in the Venezuelan 
Llanos. Herpetologica 49:108–117.

Thorbjarnarson, J.B. 1994. Reproductive ecology of 
the Spectacled Caiman (Caiman crocodilus) in the 
Venezuelan Llanos. Copeia 1994:907–919.

Thorbjarnarson, J., and G. Hernandez. 1993. 
Reproductive ecology of the Orinoco Crocodile 
(Crocodylus intermedius) in Venezuela. I. Nesting 
ecology and egg and clutch relationships.  Journal of 
Herpetology 27:363–370.

Thorbjarnarson, J.B., and P.E. McIntosh. 1987. Notes 
on a large Melanosuchus niger skull from Bolivia. 
Herpetological Review 18:49–50.

Thorbjarnarson, J.B., C. Phothitay, and M. Hedemark. 
2004. Conservation of the critically endangered 
Siamese Crocodile in Lao, PDR. Pp. 121–128 In 
Crocodiles: Proceedings of the 17th Working Meeting 
of the International Union for Conservation of Nature 
and Natural Resources (IUCN), Crocodile Specialist 
Group, Gland, Switzerland.

Tucker, A.D., C.J. Limpus, H.I. McCallum, and K.R. 
McDonald. 1996. Ontogenetic dietary partitioning 

by Crocodylus johnstoni during the dry season. 
Copeia 1996:978–988. 

Wallace, K.M., and A.J. Leslie. 2008. Diet of the Nile 
Crocodile (Crocodylus niloticus) in the Okavango 
Delta, Botswana. Journal of Herpetology 42:361–
368.

Warner, J.K., X. Combrink, P. Calverly, G. Champion, 
and C.T. Downs. 2016. Morphometrics, sex ratio, 
sexual size dimorphism, biomass, and population 
size of the Nile Crocodile (Crocodylus niloticus) at 
its southern range limit in KwaZulu-Natal, South 
Africa. Zoomorphology 135:511–521. 

Weaver, J.L., and S.H. Fritts. 1979. Comparison of 
coyote and wolf scat diameters. Journal of Wildlife 
Management 43:786–788.

Webb, G J.W., and H. Messel. 1978. Morphometric 
analysis of Crocodylus porosus from the north coast 
of Arnhem Land, Northern Australia. Australian 
Journal of Zoology 26:1–27.

Webb, G.J.W., and A.M.A. Smith. 1987. Life 
history parameters, population dynamics, and 
the management of crocodilians. Pp. 199–210 In 
Wildlife Management: Crocodiles and Alligators. 
Webb, G.J.W., S.C. Manolis, and P.J. Whitehead 
(Eds.). Surrey Beatty & Sons Pty. Ltd., Sydney, 
Australia.

Webb, G.J.W., M. Brien, C. Manolis, and S. 
Medrano-Bitar. 2012. Predicting total lengths of 
Spectacled Caiman (Caiman crocodilus) from skin 
measurements: a tool for managing the skin trade. 
Herpetological Conservation and Biology 7:16–26.

Whitaker, N. 2015. Survey techniques for the Marsh 
or Mugger Crocodile (Crocodylus palustris: Lesson 
1831). Pp. 237–240 In Biodiversity and Evolution: 
Perspectives and Paradigm Shifts. Nadan, S.B., K. 
Kumar, K.D. Mini, and R. Babu (Eds.). Cusat Cochin 
University of Science and Technology and Sree 
Sankara College, Cochin and Kalady, India.

Wilkinson, P.M., and K.G. Rice. 2000. Determining the 
size of American Alligators using hind-foot track 
length. Proceedings Annual Conference Southeastern 
Association of Fish and Wildlife Agencies 54:337–
340.

Wilkinson, P.M., T.R. Rainwater, A.R. Woodward, E.H. 
Leone, and C. Carter. 2016. Determinate growth 
and reproductive lifespan in the American Alligator 
(Alligator mississippiensis): evidence from long-
term recaptures. Copeia 104:843–852.  

Woodward, A.R., J.H. White, and S.B. Linda. 
1995. Maximum size of the Alligator (Alligator 
mississippiensis). Journal of Herpetology 29:507–
513.

Zar, J.H. 2009. Biostatistical Analysis. 5th Edition. 
Prentice Hall, Saddle River, New Jersey, USA.



 334   

Platt et al.—Using measures of scat diameter to estimate body size in crocodilians.

Steven G. Platt was formerly an Associate Professor in the Biology Department at Sul Ross State 
University (2006–2011), Alpine, Texas, USA, and now serves as Associate Conservation Herpetologist 
for Wildlife Conservation Society in Southeast Asia.  He received his B.S. in Forestry and Wildlife 
Management from Louisiana State University (1985), Baton Rouge, Louisiana, USA, a M.S. in Biology 
from Southeastern Louisiana University (1990), Hammond, Louisiana, USA, and a Ph.D. in Zoology 
from Clemson University (1996), Clemson, South Carolina, USA.  His current focus is the study and 
conservation of endangered turtles and crocodilians in Southeast Asia, with an emphasis on Myanmar, 
Laos, and Cambodia.  (Photographed by Lewis Medlock).

Ruth M. Elsey is a Biologist Manager in the Alligator Research and Management Section of the 
Louisiana Department of Wildlife and Fisheries, USA.  She obtained her B.S. (Zoology) from Louisiana 
State University (LSU), Baton Rouge, Louisiana, USA, and her M.D. from LSU School of Medicine 
in New Orleans, Louisiana, USA.  Her research primarily involves the ecology, physiology, and 
management of American Alligators; as well as studies on fur-bearers, waterfowl, and feral hogs.  She 
is a member of the International Union for Conservation of Nature and Natural Resources, Crocodile 
Specialist Group, for which she serves as the regional co-chair for North America.  (Photographed by 
Vida Landry).

Nichole Bishop is a Ph.D. candidate in Interdisciplinary Ecology at the University of Florida, 
Gainesville, USA.  She holds a B.A. in Anthropology (2009), a M.Ed. in Curriculum and Instruction 
(2011), and a M.S. in Biology (2013), all from the University of North Florida, Jacksonville, USA.  Her 
recent research focuses on the biology, ecology, and conservation of herpetofauna in the southeastern 
USA and Central America.  She is currently a lecturer at the University of North Florida.  (Photographed 
by Janice Travis).

Thomas R. Rainwater is a Research Scientist with the Tom Yawkey Wildlife Center and the Baruch 
Institute of Coastal Ecology and Forest Science of Clemson University in Georgetown, South Carolina, 
USA.  He received his B.S. in Biology from Furman University (1989), Greenville, South Carolina, 
USA, a M.S. in Environmental Toxicology from Clemson University (1994), Clemson, South Carolina, 
USA, and a Ph.D. in Environmental Toxicology from Texas Tech University (2003), Lubbock, USA.  
His current research focuses on the impacts of environmental pollution, habitat alteration, and over-
exploitation on endangered crocodilians and turtles.  (Photographed by Louis J. Guillette, Jr.).

Oudomxay Thongsavath is the Savannakhet Landscape Program Manager for the Wildlife 
Conservation Society (WCS) - Lao Program.  He oversees management of the Xe Champhone Ramsar 
Site in collaboration with ministries of the Lao Government.  Community-based Siamese Crocodile 
conservation is a major focus of his management efforts.  Oudomxay earned an English Diploma from 
Savannakhet Teachers Training College, Dong Nongphu, Laos (2005), and a BSc degree in Forest 
Management from Savannakhet University, Laos (2015).  He previously served as the Deputy Lao 
Coordinator for the International Union for Conservation of Nature and Natural Resources - Water and 
Wetlands, and is the Crocodile Conservation Coordinator for WCS in Laos.  (Photographed by Sam 
Leslie).

Didier Labarre earned a B.Sc. in Ecology and completed a micro-program diploma in Field Ecology at 
the University of Sherbrooke, Quebec, Canada in 2016.  In 2016, Didier entered the graduate program 
in Biology at the Université du Québec à Montréal, Canada.  Didier also works as a Research Assistant 
with Dr. Pierre Charruau at the Centro del Cambio Global y la Sustentabilidad en el Sureste, A.C., 
Villahermosa, Mexico, where he studies the life history and population ecology of the American 
Crocodile (Crocodylus acutus).  (Photographed by Arturo Gonzalez).  

Alexander McWilliam currently serves as Programme Coordinator for the Natural Resources Group 
of the International Union for Conservation of Nature and Natural Resources in Asia.  He has more than 
15 y experience managing and implementing conservation programs in Asia, working with International 
Non-Government Organizations including the Wildlife Conservation Society and the Zoological Society 
of London.  During this time, he has been involved in establishing partnerships with local communities, 
government agencies, and the private sector to further conservation needs in the region.  He received 
his B.Sc. (Zoology) with honors from the Australian National University in Canberra.  (Photographed 
by Oudomxay Thongsavath). 




