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Abstract—Accurate population estimates and assessments of trajectory are an essential part of harvest management
for game species and conservation action plans for protected species. Long-term monitoring can lead to ecological
understanding by identifying biotic and abiotic drivers of population dynamics. Spotlight surveys are a widely
used method to monitor abundance and size-class structure of crocodilian populations. The American Alligator
(Alligator mississippiensis) has recovered from significant population reductions in the southeastern United States.
The Mississippi Department of Wildlife, Fisheries, and Parks (MDWFP) has conducted alligator spotlight surveys
since 1971 to monitor populations. We analyzed this long-term alligator survey dataset to assess possible trends
in counts as a proxy for potential population changes. We tested for a positive trend in count data over 46 y and
evaluated covariates that could influence counts to assist future survey protocols. Alligator counts during 1971—
2016 increased across survey routes in Mississippi. This observed positive response may represent an increase
of the alligator population in Mississippi as a result of conservation benefits accrued from improved wetland
conditions and species-specific management policies. Evaluation of survey covariates indicated recent rainfall and
increasing wind velocity had negative effects on alligator counts while increasing water temperature had a positive
effect. Implementing robust survey techniques will improve the reliability of alligator monitoring data and their
application to the management of alligator populations. Further, these improved approaches may be useful to
other conservation and management agencies as well as for other crocodilian species.
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and modeling potential environmental and temporal
drivers (Anderson 2001; Garel et al. 2010). Analysis of
index data yields important information on population
fluctuations and trends (Johnson 2007). Nevertheless,
future research is needed to validate the use of indices

INTRODUCTION

Reliable knowledge of animal abundance is necessary
for the conservation and management of populations.
Population monitoring is often needed to set sustainable

harvest limits for game species and conservation action
plans for protected species. Long-term monitoring can
also lead to ecological understanding by identifying
biotic and abiotic drivers of population dynamics.
Secondary measures, or index counts, are commonly
used in wildlife monitoring to assess population
trajectories when direct measures are too costly or
impractical (Anderson 2001; Garel et al. 2010). Index
counts (C) are assumed to relate to population size (N),
where C is a constant proportion of N across the range
of survey conditions (Tracey et al. 2005). Though
analysis of index counts assumes constant detectability
across observers, species characteristics, environmental
types, and temporal patterns, these assumptions are
rarely tested (Garel et al. 2010). Approaches to deal
with this failure have been validated in some instances
and generally focus on standardized monitoring
methodologies to maintain constant detectability
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and their relationship to absolute abundance (Caughley
1977; Gerht 2002; Morellet et al. 2007).

Crocodilians serve as indicators of ecosystem health
and habitat conditions given their functional roles as
apex predators in aquatic ecosystems (Mazzotti et al.
2009). Thus, long-term monitoring of their populations
and conservation status may be critical for effective
ecosystem management. Spotlight surveys, also known
as eyeshine and nightlight surveys, are a widely used
method to monitor abundance and size classes of
crocodilian populations (Hutton and Woolhouse 1989;
Da Silveira et al. 2008; Fujisaki et al. 2011). Several
studies have attempted to standardize spotlight counts
and account for the influence of environmental and
observer effects on detectability (Chabreck 1966;
Woodward and Marion 1978; Hutton and Woolhouse
1989). Crocodilian detection is influenced by
environmental conditions including water and air
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Ficure 1. Map of American Alligator (4/ligator mississippiensis) spotlight survey routes monitored during 1971-2016 in Mississippi,
USA. Waterbodies and rivers (gray) were obtained from U.S. Geological Survey and Mississippi Automated Resource Information

System (http://maris.state.ms.us).

temperature (Hutton and Woolhouse 1989), presence
and density of vegetation (Cherkiss et al. 2006), observer
variables such as spotlight intensity (Woodward and
Marion 1978), and animal behavior (Pacheco 1996).

The American Alligator (Alligator mississippiensis)
was historically common and widely distributed
throughout the southeastern United States. Unregulated
harvest, water pollution, and loss and degradation of
wetland habitat reduced populations by the early 1900s
across vast portions of their geographic range (Mcllhenny
1935; Altrichter and Sherman 1999). The alligator was
listed as an endangered species in 1967, yet the species
was considered recovered by 1987 (Altrichter and
Sherman 1999). Following delisting, some southeastern
states continued monitoring programs, started alligator
farms, established nuisance removal programs, and
instituted regulated harvest seasons. The Mississippi
Department of Wildlife, Fisheries, and Parks (MDWEP)
initiated alligator spotlight surveys in 1971, but no
study of this long-term monitoring program has been
conducted.

We analyzed the MDWFP long-term alligator
spotlight survey dataset to assess possible trends in
counts as a proxy of population changes, provide insights
on factors influencing its reliability, and to contribute

information for the management and conservation of an
ecologically important top predator. The first alligator
hunt in Mississippi was permitted in 2005 and harvest
pressure has been allowed to steadily increase with
the assumption that alligator populations are stable or
increasing statewide. We tested for a positive trend in
alligator spotlight counts throughout the last 46 y across
surveyed routes in Mississippi. In addition, we evaluated
potential environmental covariates that could influence
counts to assist future survey protocols. Further, we
used survey data to determine whether annual counts
capture within-season variation in alligator numbers.
Lastly, we offer considerations for improvement of
future crocodilian spotlight surveys.

MATERIALS AND METHODS

Study site—We selected the 1999-2016 dataset
collected by MDWFP biologists and used 12 historical
routes throughout the state of Mississippi with at least
six surveys in the last 18 y for analysis (Fig. 1). Other
surveys were conducted at some of these routes from
1971-1998. Route lengths were constant each year at
individual sites but varied among sites (mean =23.6 km;
range, 6.4-55.2 km).

332



Herpetological Conservation and Biology

Alligator survey protocols in Mississippi—
Alligator spotlight surveys were conducted by MDWFP
personnel during the spring and summer months starting
in 1971. Several routes were not surveyed during some
years due to personnel issues and unpredictable water
levels. In general, observers used a spotlight to detect
alligator eyeshine while traveling on a boat in the center
of a channel or along the shoreline of a water body.
We used survey data collected during 1999 to 2016 for
mixed model analyses and evaluation of covariates and
incorporated earlier surveys for a separate trend analysis
over time.

Starting in 1999, surveys were conducted from May to
August during clear nights with no recent thunderstorms
or heavy rainfall, and where wind speed did not exceed
10 km/h. Water temperature, wind velocity, and cloud
coverage were collected locally at each site using a
thermometer and visual estimation. Precipitation during
the previous 24 h (hereafter, rainfall) was obtained from
the nearest weather station before each survey. Water
level was visually estimated or water gage height
obtained from the nearest U.S. Geological Survey
station and categorized into an ordinal variable as: very
low (1), low (2), average (3), high (4), and very high
(5; http://waterdata.usgs.gov/nwis). We obtained data
on the fraction of the moon illuminated at midnight of
every survey night (http://aa.usno.navy.mil/data/docs/
MoonFraction.php). Surveys began after sunset with
start times ranging between 1930 and 2230 and ended
by 2125 and 0225, depending on route length. Average
survey time across all routes was 142 min (range, 32—
325 min). Survey teams used a boat-mounted GPS unit
to track survey route and length (km), store starting
and ending coordinates, and record location of each
observation.

Survey teams usually consisted of a driver/navigator,
data recorder, and two trained observers. Approximately
74% of surveys used two I-million candle power
handheld lights. Almost half (46%) of surveys used a
75-horsepower motor and a 5-m boat combination. The
driver maintained a constant speed of approximately
10 km/h, which was monitored using the GPS unit.
Observers recorded eyeshine of individual alligators
and placed each detection into size classes (i.e., over or
under 1.8 m) based on visual estimation of snout length
as an index for total length (Chabreck 1966). Alligators
in this area of their range are expected to attain sexual
maturity when approximately 1.8 m in total length
(Chabreck 1963). The driver diverted from the survey
route to confirm size estimations when needed before
returning to the survey route.

Analysis of survey data—We used surveys among
routes to examine effects of covariates on counts and
assess general trends from 1999-2016. We tested for

multicollinearity among explanatory variables and
scaled variables by subtracting the mean and dividing
by the standard deviation for each observation. We
used Poisson generalized linear mixed models
(GLMMs) using function overdisp.glmer in package
RVAideMemoire in Program R (Hervé 2015) and found
evidence of overdispersion. Therefore, we used negative
binomial GLMMs with function glmernb in package
Ime4 of Program R (Bates et al. 2014) to model alligator
counts. We estimated model overdispersion using
the ratio of the sum of squares of Pearson residuals to
residual degrees of freedom (Ganio and Schafer 1992).
Further, we used route as a random effect and year,
Julian date, start time, route length, water temperature,
rainfall, cloud coverage, wind velocity, moon phase, and
water level as fixed effects. Other route-level variables
including light intensity and boat motor horsepower had
low variation in the dataset and we did not include them
as covariates. We included a null model with the random
effect and a global model with all explanatory variables
for model selection. We constructed an additional 30
models based on combinations of variables without
interaction terms. We used Akaike’s Information
Criterion corrected for small sample sizes (AIC)) to
rank models and selected competing model(s) where
AIC, was within two units of the most supported model
(Burnham and Anderson 2002). We used the MuMin
package in Program R to perform multi-model inference
(Barton 2014). Finally, we evaluated significance of
fixed effects at o = 0.05.

We did not use size class as an observation level
covariate in modeling the survey counts due to the
amount of missing data given approximately 14% of
all detections identified size estimation as unknown.
However, we used a regression approach to determine
changes in mean detected proportion of immature-sized
(estimated size under 1.8 m) versus mature (estimated
size over 1.8 m in total length) individuals across
surveys over time. In another analysis, we also used
separate linear regressions at each route to evaluate the
potential of increasing alligator observation density per
kilometer over survey years including the earlier counts
as well (i.e., 1971-2016).

Lastly, we examined within-season variation in
alligator counts during summer (1 July to 14 August)
of 2013 by conducting separate surveys from MDWFP
on the Pearl River - Ratliff Ferry to Highway 43 (n =
6) and Pelahatchie Bay (n = 4) alligator survey routes.
We performed separate surveys on different nights but
followed the same protocol to assess within-season
variation. We used a non-parametric Wilcoxon Signed
Rank test due to low sample sizes to determine whether
alligator counts from the annual MDWFP survey
differed from the mean count of our test surveys. We
conducted statistical analyses using program R (R Core
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Team 2017) and means reported with £ 1 standard
deviation (SD).

REsuLTS

During 1999-2016, 5,121 alligator observations
were recorded from 124 surveys conducted at 12 sites
across Mississippi. Counts from all surveys at six sites
recorded 4,128 alligator observations during 1971—
2016. For standardized surveys, alligator nightly counts
averaged 21.2 £ 6.0 for the Big Black River, 22.0 £ 10.8
for Little Sunflower River, 15.0 £ 6.5 for Okatibbee, 40.8
+ 9.1 for Pelahatchie Bay, 20.3 + 9.7 for Percy Quinn
State Park, 126.5 + 30.2 for Pearl River Hwy 43, 37.1 +
14.3 for Pearl River Lowhead Dam, 24.9 + 5.9 for Steele
Bayou, 17.7 + 2.7 for Bayou La Croix, 97.8 £ 34.0 for
Pine Island, 26.3 + 17.1 for Tchoutacabouffa River,
and 48.0 = 24.4 for Yazoo River. Mean environmental
conditions included water temperature of 29° C (range,
20-37° C), rainfall 0.4 £ 0.9 cm (range, 0-5.1 cm), wind
speed 3.7 + 3.2 km/h, fraction of the sky covered by
clouds 0.3 = 0.3, and fraction of the moon illuminated
0.5+ 0.3. Also, 59% of surveys were conducted under
average water level conditions and fewer than 6% were
conducted during the very high and very low water level
categories.

Explanatory variables were not highly correlated,
values of the correlation matrix were < |0.30|. Results
of the Poisson GLMM with route as random effect
exhibited overdispersion (¢ = 4.317; P < 0.001). We
used a negative binomial distribution for the additional
dispersion parameter to address overdispersion.
Inclusion of route as a random effect in the models
was supported by comparing marginal »* (0.06), or the
variance explained by fixed effects, and conditional 72
(0.94) considering fixed and random effects, for the
global model (Nakagawa and Schielzeth 2013). One of
32 candidate models exhibited AAIC <2 (Table 1).

The top model included year as a positive effect,
suggesting an increasing alligator count for routes
(Table 2). Wind and rainfall had a negative effect on
counts, whereas water temperature had a positive
effect (Table 2). Predicted number of alligators per
standardized survey (1999-2016) derived from the top
model (Fig. 2) indicated mean count increased 70%
(i.e., 24 to 41 alligators per survey) across all routes
from 1999 to 2016. Density of alligator observations
per kilometer based on all surveys (1971-2016; Fig. 3)
increased significantly over time for Little Sunflower
(Fm =18.28, P<0.001, adjusted 7> = 0.504), Okatibbee
Lake (F, , = 22.69, P < 0.001, adjusted »* = 0.520),
Pelahatchie Bay (F |, = 15.68, P = 0.001, adjusted r* =
0.479), and Pearl River - Highway 43 (F, ,, =72.77, P <
0.001, adjusted * = 0.757), but not for Bayou La Croix

50
I

40
l

Predicted mean alligator count
20

10
|

1T 1T 17T 1T 17 17 17 17 17T 17T 17T T T T T TT
1999 2001 2003 2005 2007 2009 2011 2013 2015

Year

FiGURE 2. Predicted mean count of American Alligators (A4/ligator
mississippiensis) per spotlight survey for all routes by year (1999—
2016) for the top model (solid line) and the 95% prediction interval
(dotted lines) in Mississippi, USA.

TaBLe 1. Results from negative binomial generalized linear
mixed models from candidate set with delta AIC, < 3 and the
null and global models to describe American Alligator (A4lligator
mississippiensis) counts of spotlight surveys in Mississippi, USA,
1999-2016. Route is the single random effect in all mixed models.
The global model along with listed covariates also included Julian
date, route start time, route length, cloud coverage, moon phase
as fixed effects. Models are ranked from most to least supported
with all including an intercept. Number of parameters is described
by df with all models containing an intercept term, random term,
and an error term. Log L denotes the log likelihood of each model.
Akaike Information Criterion were corrected for small sample
sizes (AIC,) and number of units from the top model is denoted
by AAIC,. Weight of support for each model is given by w, in
a total of 1. All covariates are scaled (mean = 0, SD = 1). Water
temperature is abbreviated water temp.

Model df LogL AIC, AAIC, w,

year + wind + rain- 7 -486.09 987.1 0.00 0.38

fall + water temp

year + wind + 6 -488.31 9893 220 0.13

rainfall

year + wind + 8 -480.06 9894 224 0.12

rainfall + water temp

+ water level

year + wind + water 6 -488.42  989.6 242 0.11

temp

global model 14 -481.53 9949 7.77  0.01

intercept only 3 -499.84 10059 18.75 0.00

F _=0.67, P=0.421) and Percy Quinn (F, ,=1.42, P
y 1,14

1,26
= (0.253). Mean proportion of detected immature-sized

animals did not exhibit a linear relationship over time
(F,,, = 1.387, P = 0.246; Fig. 4). Counts of alligators
in MDWFP surveys did not differ for either route from
the test surveys (Pelahatchie Bay: V=9, P =0.250 and
Ratliff Ferry: V=10, P = 1.000).
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Ficure 3. Observation densities of American Alligators (4//igator mississippiensis; open circles) across routes by year (1971-2016) of
spotlight surveys in Mississippi, USA. Linear regression tested positive trends over time where significance is at o = 0.05 (solid line).

DiscussioN

Counts of alligators detected on spotlight surveys
generally increased across routes in Mississippi during
the study period (1971-2016). The observed positive
response of alligator counts could represent an actual
population increase and reflect the conservation
benefits accrued from species protection and wetland
conservation policies. Endangered species protection

TaBLE 2. Negative binomial generalized linear mixed model
coefficients from top model to describe American Alligator
(Alligator mississippiensis) counts of spotlight surveys in
Mississippi, USA, 1999-2016. Route is the single random effect
in the mixed model. All covariates are scaled (mean =0, SD = 1).
Water temperature is abbreviated water temp.

Parameter § SE Pr(>|z|) 2.5% 97.5%
intercept 348  0.19  <0.001 3.07 3.89
year 0.14  0.03  <0.001 0.08 0.20
wind -0.08  0.03 0.015 -0.15 -0.02
rainfall -0.07  0.03 0.027 -0.12 -0.01
water temp ~ 0.08 0.04 0.032 0.01 0.15

and wetland conservation and restoration practices
started in the early 1970s when alligator populations
were very low. We think that increasing alligator counts
observed in our long-term monitoring reflect continual
recovery from the combined effects of decades of
protection of the species and its wetland habitats in
Mississippi. Increasing abundance as a result of species
recovery has been suggested in other portions of the
range of alligators (Brandt 1991; Altrichter and Sherman
1999). However, this pattern may not be consistent
across the present range of the species given tolerance
limits (e.g., ambient temperature) at the northern edge
of the geographic range (Dunham et al. 2014). In fact,
two of six long-term routes in Mississippi did not show
a positive trend and exhibited no linear relationship in
counts over time. This finding suggests conservation
actions may have site-specific effects; thus, long-term
monitoring programs might benefit from the addition
of multiple sites in various habitats. An alternative
explanation for the observed positive trend is improved
detection of animals over time as surveys were conducted
by increasingly experienced observers. However,
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FiGure 4. Mean proportion of the detected population of American
Alligators (Alligator mississippiensis) under 1.8 m in total length
(immature size) across routes of spotlight surveys in Mississippi,
USA did not exhibit a linear relationship by year (1971-2016).

observers were not held constant throughout the many
years of monitoring. Specifically, 12 routes across the
state included different individuals and combinations
of observers nearly every year. Also, it is important to
note that light intensity was not recorded for surveys
before 1999. Older surveys may not have had spotlights
as powerful as the 1 million candle-power spotlights
consistently used starting in 1999. However, we do not
believe that this is a likely explanation for an increasing
pattern over time because the trend we found is linear,
is evident in the analysis of the standardized surveys
alone, and is apparent even for routes with narrow-
channel rivers, streams, and passes where detectability
may be more constant regardless of spotlight intensity.
Our results indicated no change in proportion of
detected mature-sized and immature-sized individuals
over time. Given that alligators are long-lived,
relatively slow-growing, and reach sexual maturity
when 8-16 y old, detecting changes in abundance and
population structure could take decades of monitoring
(Brandt 1991; Wilkinson et al. 2016). Moreover,
these demographic responses require an approach
where information is collected from populations with
a segment of known individuals (i.e., capture-mark-
recapture/resight). While our study included 46 y of
information, observer estimates of body size may be
inaccurate without species- or site-specific correction
curves (Magnusson 1983). In addition, missing data
exist in our dataset often due to alligator submergence
prior to obtaining a visual to estimate size. It is unknown
how these issues affect the reliability of using spotlight
counts to investigate temporal changes in demography.
We suggest these results be taken in context and
encourage further research focused on this topic. Also,
there may be body size-based differences in detection
probabilities arising from habitat use patterns, thus
biasing our observations. For instance, hatchlings could

be difficult to detect given the appearance of a smaller
eyeshine and their disproportionate use of difficult to
survey habitats (i.e., tree roots and marsh habitats) for
protection from larger predatory alligators. Further,
smaller subdominant individuals may be relegated to
shallower sections of greater cover and avoid the deeper
waters on the main channels used by the largest and
more aggressive alligators, where surveys generally
occur (Strickland et al. 2016). Hatchlings may also
be more susceptible to changes in weather and might
retreat or remain submerged, further influencing
detection (Eversole et al. 2015). In addition, differences
in wariness between size classes may affect detectability
(Woodward and Marion 1978).

Our top model included variables for environmental
conditions directly related to alligator detection and
encounter rate. Increasing wind velocity and recent
rainfall had negative effects on counts. Wind impairs the
ability of observers to detect alligators as moving water
may obscure or hide eyeshine (Woodward and Marion
1978). Also, wind and rain negatively affect emergence
rates as crocodilians seek shelter from inclement
weather and high winds (Pacheco 1996; Bugbee
2008). Turbidity from recent precipitation and wave
action associated with wind and rain events also limit
alligator feeding activity (Murphy 1977). Conversely,
increasing water temperature had a positive effect on
counts. Effect of water temperature on alligator activity
and emergence rates varies, depending on season and
its relation to air temperature (Woodward and Marion
1978; Bugbee 2008). However, the effect is greater for
water temperature than air temperature and for colder
periods than warmer periods (Woodward and Marion
1978). Stratification of survey effort by season, as done
in our monitoring program, and within-seasonal shifts
may help account for the complexity of the interaction
of temperature and alligator behavior. However,
more controlled studies are needed to investigate the
impact of specific environmental variables (e.g., water
temperature, flow rates, wind) on emergence and
detection rates of alligators during spotlight surveys. In
addition, our long-term dataset does not include high or
extreme values for some of the covariates (e.g., wind
and rainfall); this likely means that our findings are
underestimates of their true effects on counts.

Several variables not retained in the top model
have been reported to affect alligator spotlight counts
in other studies. Higher water levels affect movement
patterns (i.e., encounter rates) by providing a larger
area for alligators (especially subadults) to disperse
while foraging or avoiding predation (Woodward
and Marion 1978; Woodward et al. 1996; Webb et al.
2009). Our study dataset exhibited low variation in
water level, limiting our ability to detect its effects on
counts. Also, increased percentage of moon illuminated
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has been shown to negatively impact counts due to
increased moonlight reflection off the water impairing
observers (Woodward and Marion 1978). However, the
relationship of alligator activity to moon parameters is
complex and involves changes in foraging efficiency
due to illumination (Eversole et al. 2015).

Validating spotlight counts as indices for population
estimation and for assessing changes in population sizes
would improve their reliability as a monitoring tool for
crocodilians (Vincent et al. 1991; Jennelle et al. 2002).
We encourage this effort, even though some researchers
challenge obtaining reliable population sizes as an
ultimate aim and emphasize tracking multiple indicators
of ecological change, including relative abundance
(Morellet et al. 2007; Strickland et al. 2008). Some
authors reject the usefulness of indirect approaches
such as spotlight counts and their relationship to
population abundance (Collier et al. 2013), but others
have validated the information gained from their use
on terrestrial mammals such as ungulates (Garel et al.
2010) and carnivores (Gerht 2002). For crocodilian
spotlight surveys, validation is limited, appears to be
site-specific, and may require several different survey
techniques (Murphy 1977; Brandt 1991; Woodward
et al. 1996). Arguably the best approach to reliable
estimates of population size is capture-mark-recapture
methods; however, they are expensive, labor-intensive,
and assumptions are difficult to meet (Buckland et al.
2000). Methods that allow estimates of population sizes
with a measure of certainty across a wide geographic
range at a low cost, such as distance sampling, could be
an option for new monitoring programs though logistics
of sampling varying habitat types and availability
biases are still major concerns. Furthermore, the
best justification for validation would be its ability to
mitigate or quantify the availability bias.

Reliable estimates of diving and emergence
(surfacing) rates is an important parameter that will
improve abundance estimates derived from crocodilian
spotlight survey counts. Availability bias of submerged
animals missed during a survey is an important issue
facing crocodilian spotlight surveys (Marsh and
Sinclair 1989; Braulik et al. 2012). Though spotlight
surveys generally determine effects of environmental
covariates on counts without accurate measures of
availability bias, estimates from analytical approaches
(i.e., distance sampling methods and strip transects)
will only represent the available (i.e., surfaced) portion
of the population. Available emergence estimates for
alligators are highly variable and environmental and
demographic characteristics influencing this behavior
have not been well-studied (Woodward et al. 1996;
Bugbee 2008; Nifong et al. 2014).

Our analyses and its assumptions only allowed
examining alligator population trends over time, and

we were not able to obtain estimates of population size.
The reliability of the MDWFP alligator monitoring
program would benefit from validation and new survey
protocols that account for imperfect detection and
modeling important covariates. For instance, double
observer or seasonally replicated hierarchical modeling
approaches would improve information collected by the
alligator monitoring agencies across the Southeastern
U.S. (Shirley et al. 2012). In addition, adopting a
stratified spotlight survey design incorporating habitat
types and management regime (i.e., harvest pressure)
might improve the inferential ability of this monitoring
program and be an enhanced approach to monitor
alligator populations over time (O’Brien and Doerr
1986). However, it is important to avoid disrupting the
integrity of the existing long-term alligator monitoring
dataset from extensive methodological modifications
that would preclude comparisons of temporal trends.
This could be resolved by retaining sites with significant
amounts of data and introducing new sites within a
targeted stratum.

Current alligator surveys conducted by most state
agencies are restricted to the spring and summer
months. We are uncertain how counts outside this time
period might improve population assessments given
the relative inactivity of alligators during the colder
months and greatly increased activity during the spring
breeding season. Our results indicated no difference
in counts from MDWFP annual surveys and trial
surveys conducted to assess within-season variation.
This suggests existing MDWFP survey protocols (e.g.,
standardizing wind and rainfall) and current sampling
regime may account for environmental variation of
counts. Although observed counts did not differ from
our trial surveys, some MDWFP routes exhibited
large variation in counts between years. Based on this
finding, conducting replicate surveys within a year
may improve the ability to account for environmental
sources of variation influencing alligator encounter rates
and detection. Replicate surveys for each route would
allow future analyses to better incorporate the possible
influence of the many covariates currently recorded
by MDWFP personnel, especially when modeling
covariates by body size class.

The impact of development, habitat fragmentation,
and change in water temperature and precipitation
patterns because of climate change on wetland
ecosystems may represent future environmental stressors
for alligator populations.  Alligator management
practices including recreational harvest and removal of
nuisance animals will benefit from reliable information
on populations and temporal trends.  Therefore,
implementing robust survey techniques that improve
abundance estimates with associated precision measures
will improve the capabilities of MDWFP to monitor and
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manage alligator populations and may serve as a model
to other conservation agencies in the southeastern
U.S. and international organizations monitoring other
crocodilian species.
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