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The purpose of this study was to extend knowledge of the behavioral ecology of alligators 

in the seasonally fluctuating south Florida environment and then apply this knowledge to 

develop estimates of alligator detectability for management purposes. I first modeled alligator 

thermoregulatory response to environmental conditions by investigating emergence rates and 

using them as an index of heat seeking or heat avoidance. All models indicated a higher 

probability of emergence in the spring compared to that of the fall. Springtime solar radiation 

had a positive affect on emergence probabilities. Larger alligators showed a higher degree of 

heat avoidance in the summer and spent less time emerged than smaller individuals in this study. 

Body condition also had an effect on emergence rates as alligators with higher body condition 

scores had higher rates of emergence.  

I also investigated alligator emergence behavior and how it relates to a variety of 

environmental variables known to have an effect on crocodilian behavior including season, air 

and water temperature, moon phase, rain, and wind. Data were analyzed using the GENMOD 

procedure in the Statistical Analysis System. An Akaike Information Criterion (AIC) for model 

selection was calculated for each model, and model averaging was performed to come up with a 
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final model that best describes and predicts alligator emergence. Compared to spring and fall, 

alligators were less likely to be emerged at any given time during summer. Compared to summer 

months, alligators in autumn are only slightly more likely to be emerged. Alligators are less 

likely emerged in low moonlight compared to half moon or full moon cycles. In addition, 

alligators are slightly more likely to be emerged during half moons compared to full moons. 

During nighttime hours, higher water depths decreased the emergence rates of alligators. Higher 

water temperatures result in decreased emergence rates, while higher air temperature results in 

increased emergence rates. I found that the best time for conducting surveys is in low wind, in 

half or full moon phases, and on clear, cloud-free nights with relatively high air and water 

temperatures and relatively lower water depths. Regardless of conditions, an equation was 

developed that south Florida alligator researchers can use to adjust their survey results in an 

appropriate manner to correct for the influence of varying environmental conditions on alligator 

detectability. Although the equation successfully predicted alligator emergence rates in the 

summer and fall, it lost much of its predictive ability in the spring. I suggest that some other 

variable or variables that were not measured in this study were effectively overriding the 

expected influence of the surrounding environment. This research can be used by alligator 

managers to reduce the amount of time needed to detect significant changes in alligator 

populations as they respond to restoration actions. Eventually, as this type of research advances, 

alligator managers will be able to incorporate actual population levels and not indices into their 

monitoring programs.
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CHAPTER 1 
INTRODUCTION 

The American Alligator 

The American alligator (Alligator mississippiensis) is considered a keystone species and 

top predator in the Greater Everglades Ecosystem (Mazzotti and Brandt 1994). Through 

construction of holes, caves, and trails, alligators create resources for a wide variety of biota 

including aquatic plants, fish, amphibians, and reptiles including other alligators (Beard 1938; 

Kushlan 1974; Mazzotti and Brandt 1994; Rice et al. 2005). As a reptilian top predator, the 

American alligator consumes a wide variety of prey species as it grows from a hatchling to an 

adult. Hatchlings consume small prey such as insects and fish and also serve as prey to a variety 

of other species including their own (Deitz 1979; Barr 1997). Large juveniles function 

ecologically as Everglades mesopredators, consuming larger prey but still serving as potential 

prey for adults. Considering these dynamics, alligators play a significant role in shaping the 

faunal community of the Everglades ecosystem (Rice et al. 2004; 2005). 

The alligator is also a prominent example of an ecosystem engineer in the Everglades. 

Alligators create holes in the marsh that provide refugia for a variety of plants and animals, 

particularly in the dry season (Kushlan 1974; Loftus and Eklund 1994; Palmer 2000). These 

holes influence the community structure of aquatic fauna and vegetation, both concentrating 

aquatic life for predators and creating conditions that favor certain plant species over others 

(Craighead 1968; Palmer 2000). Additionally, alligator nests create suitable habitat for 

vegetation sensitive to elevation (Palmer 2000) and provide nesting habitat for other reptiles 

(Craighead 1968; Kushlan and Kushlan 1980; Enge et al. 2000). First and foremost alligator 

holes serve to benefit alligators. Alligators of all size classes use holes as refugia, from 

hatchlings to large adults (Campbell 1999). Reproductive females use associated habitats for 
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nesting, and both males and females require alligator holes to court and mate with one another 

(Garrick and Lang 1975). Of 29 alligator holes surveyed by Campbell (1999), all showed signs 

of recent alligator activity. Consequently, alligators help to shape the community structure of 

both plants and animals in the Everglades ecosystem. 

Alligators and the Everglades 

Within the last 100 years, the original Everglades ecosystem has been spatially reduced, 

drained, and irreversibly lost as a result of extensive landscape alterations for development and 

flood control (Light and Dineen 1994). Once natural hydrologic fluctuations are now 

anthropogenically controlled (Lord 1993; Davis and Ogden 1994). Wildlife populations have 

been affected following development and drainage of the Everglades ecosystem, and this is 

especially true of alligators (Mazzotti and Brandt 1994). Specifically, alligator population 

densities are lower in over-drained marshes and swamps. Reproductive output is known to be 

lower in areas characterized by prolonged high water depths due to nest flooding. Alligator body 

condition may also be consistently lower in these areas due to prolonged dispersion of aquatic 

prey (Mazzotti and Brandt 1994; Dalrymple 1996; Barr 1997). Additionally, although many 

alligators use manmade canals as habitat, canals may be population sinks as both reproductive 

and survival rates are lowered due to increased nest flooding and cannibalism of smaller 

individuals (Mazzotti and Brandt 1994; Chopp 2002; Rice et al. 2005). 

The South Florida Restoration Initiative began in 1992. The Comprehensive Everglades 

Restoration Plan (CERP) was signed into law in 2000 and represents the primary means of 

achieving Everglades restoration. Restoration efforts include projects to remove canals and 

increase the extent and quality of natural areas. Wildlife studies in the Everglades ecosystem 

often focus on the effects of fluctuating water depths on the ecology of the study organisms. 

Population trends of some organisms can be viewed as indications of ecosystem change, and 



 

14 

ecological modeling is a vital tool used in the adaptive assessment of restoration (Gunderson et 

al. 1994; Gentile et al. 2001).  

Several aspects of alligator ecology have been shown to be dependent on water levels. 

These include courtship (Garrick and Lang 1987; Vliet 1987), nesting (Kushlan and Jacobsen 

1990), growth and survival (Hines et al. 1968), and body condition (Zweig 2002). Alligators are 

sensitive to fluctuating water levels both spatially and temporally, and the success of many other 

species is linked to the natural presence of alligators. For these reasons, alligators represent an 

ideal performance measure of restoration progress and are an integral part of the Adaptive 

Assessment Process component of CERP (CERP Monitoring and Assessment Plan 2003, section 

3.1.3.15). Although alligators have received much scientific attention and are a well-studied 

species, there are still many aspects of its behavioral ecology that remain unknown.  

Everglades Alligator Thermal Ecology 

The American alligator has evolved to inhabit warm-temperate rather than tropical 

environments (Brisbin and Standora 1982; Mazzotti 1989). Among the living crocodilians, 

alligators (both Alligator mississippiensis and Alligator sinensis) are the only species that have 

evolved to inhabit environments that experience sub-freezing temperatures (Brisbin and Standora 

1982). South Florida however is subtropical and represents the southern extent of the natural 

range of the American alligator (Mazzotti 1989; Conant and Collins 1991). South Florida is 

characterized by consistent high temperatures and a distinct wet and dry season that together 

present a unique set of challenges for alligators that inhabit this region (Dalrymple 1996; Barr 

1997; Howarter 1999; Kushlan and Jacobsen 1990). Alligator habitat south of Lake Okeechobee 

represents an environment with a high cost: benefit ratio for alligators for a significant part of the 

year (Dalrymple 1996; Kushlan and Jacobsen 1990). This is especially true during summer and 

fall due to high levels of virtually inescapable heat (high cost) combined with relatively low 
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availability of food due to higher water depths and the resulting dispersal of aquatic prey (low 

benefit). In spring, south Florida can be described as an environment with a comparatively low 

cost: benefit ratio, or one in which temperatures are less extreme (lower cost) and food is more 

concentrated (higher benefit).  

In theory, crocodilians and other reptiles invest more energy into active thermoregulation 

in environments that are characterized by low cost: benefit ratios (Spotila et al. 1972; Heatwole 

1976; Huey and Slatkin 1976; Lang 1980; Lang 1987; Shine and Madson 1996). In thermally 

variable or productive environments, there are usually many avenues of heat exchange and 

adequate energetic resources to invest energy into active thermoregulation (Heatwole 1976; Lang 

1987; Slip and Shine 1988; Shine and Madson 1996). In the spring for example, Everglades 

alligators respond by actively engaging in behaviors such as basking and orienting their bodies in 

relation to the sun’s rays to optimize solar absorption (Spotila et al. 1972; Lang 1987; Mazzotti 

1989). This active heat-seeking behavior is reflected in the trend that alligator body temperature 

is most variable and often greater than ambient temperatures in the spring (Howarter 1999). 

Alternatively, reptiles that inhabit thermally-equable environments, or environments 

characterized by high cost: benefit ratios generally adopt a more thermal generalist strategy and 

thermoconform to their surrounding environment (Heatwole 1976; Lang 1980; Lang 1987; Shine 

and Madson 1996). The advantage of this strategy is to conserve energy stores. By becoming less 

active and thermoconforming, metabolic rates are reduced and energy is conserved for other 

processes such as growth or reproduction (Lang 1987).  

There is some evidence that south Florida alligators adopt more of a thermoconformer 

stategy in the hotter summer and fall months (Lang 1977, Abercrombie 2002). Alligator body 

temperatures are higher, more stable, and better correlate with environmental temperatures 
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during fall compared to spring in south Florida (Abercrombie 2002). During summer and fall, 

alligators also appear to shift their behavior by remaining submerged to keep cool (Howarter 

1999, Abercrombie 2002). Alligators appear to be more nocturnal in summer (Woodward and 

Marion 1979), and the dominant strategy may be to remain submerged for most of the daylight 

hours. In climates with high ambient temperatures, crocodilians often leave the water altogether 

at night to release excess heat (Lang 1980; Mazzotti 1989). The shift to a primarily nocturnal 

lifestyle during the hotter portion of the year is typical of reptiles found in tropical environments 

(Heatwole 1976; Lang 1980; Lang 1987; Luiselli and Akani 2002). Alligator thermoregulatory 

behavior may closely reflect a seasonal shift in the cost: benefit ratios of the south Florida 

environment.  

The first objective of this study was to investigate patterns of thermoregulatory behavior 

by comparing alligator emergence behavior and circadian rhythms to patterns of solar radiation, 

water level, and seasonal change in the south Florida environment. I expected that if south 

Florida represents an environment that undergoes a seasonal shift in cost: benefit ratios for 

alligators, then alligator thermoregulatory behavior will reflect this by showing some kind of 

transition. I expected to see behavior that reflected an environment with a low cost: benefit ratio 

during the relatively cooler portions of the year (i.e. lower heat levels and higher food 

concentrations) and behavior that suggested an environment with a high cost: benefit during 

summer and fall (i.e. higher heat levels and lower food concentrations). Specifically, I expected 

alligators to actively engage in heat-seeking thermoregulation during the spring and to transition 

to thermoconformity during the hotter portion of the year stop when the costs of active 

thermoregulation outweigh the benefits. 



 

17 

Everglades alligators likely have a built-in response system that governs their behavior in 

an thermally optimal way when confronted by seasonal change. Lang (1976) suggested that 

photoperiod, not necessarily ambient temperatures, may be the driving force behind alligator 

amphibious behavior. If this is the case, then anthropogenically managed water regimes in the 

Everglades should approximate natural ones. If natural conditions and water cycles are not 

maintained in the Everglades, alligators may not optimally thermoregulate. For example, if water 

levels are too high in the spring, and spring shifts to a low cost low benefit environment, how 

would alligators respond? Similarly, if water levels are too low in the summer and fall, and the 

environment becomes one of high costs and high benefits, would alligators effectively miss the 

opportunity to feed and restore energy stores? The end result could have negative effects on the 

fitness of individual animals, and ultimately have negative impacts at the population level.  

Alligator Surveys 

Successful restoration of the Everglades will be assessed through monitoring of 

performance measures concerning indicator species (Rice et al. 2005).  The alligator has been 

chosen as one of these indicators and performance measures including abundance and 

distribution, nesting, body condition, and alligator hole occupancy are currently being monitored 

(Rice et al. 2005).  Spotlight surveys (or night counts) are a common approach to monitoring 

crocodilian abundance and distribution (Magnussun 1982; Bayliss 1987; O’Brien 1990; Wood et 

al. 1985; Hutton and Woolhouse 1989; Woodward and Moore 1990). In south Florida, spotlight 

surveys are used to describe alligator encounter rates (alligators/km). Due to a variety of 

confounding variables (detectability, habitat use, habitat characteristics, survey speed), encounter 

rates do not directly translate into estimates of alligator density (alligators/km2) or abundance 

(the number of alligators in a defined area). Instead, spotlight surveys serve as a relative index of 

abundance. Over time, trends in encounter rate data can provide information about alligator 
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population trajectory in response to management actions.  This index becomes more robust when 

factors such as detection or detectability are considered (Cassey and McCardle 1999; Thompson 

and Seber 1994; Thompson 2002).  

Estimating wildlife abundance requires replicated scientific and statistical methodology 

(Steinhorst and Samuel 1989). It is impossible to assess the true number of alligators in a 

population, but models can be established that describe correlations between survey results and 

population size. Understanding detectability is essential for the accuracy of such models 

(Steinhorst and Samuel 1989; Cassey and McCardle 1999; Thompson and Seber 1994; 

Thompson 2002). This research attempts to describe alligator detectability during encounter rate 

surveys to account for individuals present in the population that were not recorded by the 

observer due to several reasons: alligators may have been present but simply missed by the 

observer, they may have been present but in a low visibility habitat, or they may have been 

submerged and effectively not present for the researcher to observe (Woodward and Marion 

1979). Specifically, I investigated alligator emergence behavior and how it related to a variety of 

environmental variables known to effect crocodilian behavior (Woodward and Marion 1979; 

Pacheco 1996; Sarkis-Goncalves et al. 2004). The ultimate goal was to develop relationships 

between alligator detectability and various environmental factors that alligator managers can use 

to reduce bias in survey results. This research is critical for alligator management in south 

Florida as it will reduce the amount of time needed to statistically detect changes in alligator 

populations as they respond to different restoration actions, thus allowing managers information 

needed to adaptively manage Everglades restoration. 
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CHAPTER 2 
AMERICAN ALLIGATOR (Alligator mississippiensis) AMPHIBIOUS BEHAVIOR AND 

THERMAL ECOLOGY IN RESPONSE TO ENVIRONMENTAL FLUCTUATIONS 

Introduction 

The Everglades ecosystem is characterized by seasonally fluctuating hydrological 

conditions due to naturally occurring patterns of precipitation (Mazzotti and Brandt 1994). The 

American alligator has received scientific attention in the Everglades for its ability to indicate the 

overall health of this ecosystem (Rice et al. 1994). Several aspects of alligator biology including 

courtship, nesting, growth and survival have all been examined in some detail in relation to water 

depths (Hines et al. 1968; Kushlan and Jacobsen 1990; Vliet 1987). However, alligator 

amphibious behavior and its role in thermoregulation in a fluctuating environment has not been 

examined.  

Alligator Amphibious Behavior 

  For crocodilians, different behavioral activities (foraging, resting, thermoregulation, etc.) 

can occur under water, at the water surface, or on land. For example, in all crocodilians, some 

social interactions and foraging behavior occur underwater (Webb et al. 1982; Fish and Cosgrove 

1987; Vliet 2001). However, it remains unclear as to what extent alligators vary their amphibious 

behavior depending on seasonal fluctuations and environmental conditions. Alligators may 

allocate more time and energy towards certain behaviors (i.e. foraging, socializing, 

thermoregulating) in response to water depths and other environmental fluctuations associated 

with seasonal change (Lang 1979; Howarter et al. 2000).  

Alligators primarily thermoregulate behaviorally and use various thermal microhabitats in 

the environment as resources (Lang 1979; Lang 1987; Mazzotti and Brandt 1994). Alligators 

exposed to different environmental conditions are known to use thermal resources differently 

(Lang 1976; Lang 1979; Lang 1987; Abercrombie et al. 2002). In a seasonally fluctuating 
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environment like the Everglades, alligators likely have an optimal behavioral response when 

confronted by seasonal change (Lang 1976). If this response is triggered by some natural cue 

such as photoperiod or ambient temperature (Lang 1976), then other natural conditions such as 

water depth should be in harmony. A prolonged divergence from natural conditions in the 

Everglades, particularly water cycles, may interfere with alligator thermal behavior. For 

example, if water depths are consistently too high in spring, or consistently too low in summer 

and fall, alligators may not be able to allocate their energetic resources toward appropriate 

activities including thermoregulation. This may have negative effects on survival and fitness of 

individual animals, and ultimately have negative impacts at the population level.  

Furthermore, Mazzotti and Brandt (1994) suggested that alligators of different sizes and 

sexes use wetland habitats distinctly on varying spatial and temporal scales and in response to 

changing water depths. Campbell and Mazzotti (2001) suggest further that in the Everglades, 

alligator holes associated with tree islands more often contain an adult female alligator and 

hatchlings, while relatively smaller satellite holes in marl substrates typically contain juveniles 

and sub-adults. But with lower spring water depths in the Everglades, these satellite holes tend to 

dry up faster, and alligators become concentrated in remaining alligator holes and trails 

(Mazzotti 1989; Kushlan and Jacobsen 1990; Mazzotti and Brandt 1994; Rice et al. 2005). Adult 

male alligators have been observed to travel between remaining alligator holes during spring dry 

downs (Campbell and Mazzotti 2001). Everglades alligators of all sizes are thus forced to share 

the same space in the spring which may result in higher rates of cannibalism (Mazzotti and 

Brandt 1994; Campbell and Mazzotti 2001). Also, alligators in crowded conditions may not be 

able to thermoregulate optimally as their natural behaviors are known be affected as a response 

to overcrowding (Seebacher and Grigg 1997; Asa et al. 1998).   
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An investigation into the amphibious behavior of alligators will allow managers to more 

completely understand the full range of behavioral adaptations Everglades alligators use to deal 

with the fluctuations that characterize the Everglades.  

A Harsh Environment 

The severity of anthropogenic alteration of the Everglades ecosystem has taken a toll on 

natural alligator population levels, dynamics, and distributions (Mazzotti and Brandt 1994; Rice 

et al. 2005). Alterations have intensified the negative effects of natural droughts (Jacobsen and 

Kushlan 1984), reduced and altered the amount of available habitat (Kushlan 1974; Kushlan 

1990; Gunderson and Loftus 1993), and negatively affected nesting efforts and reproduction 

(Kushlan and Jacobsen 1990). South Florida poses a unique set of challenges for alligators as it 

represents the southern extent of their natural range. The Everglades is subtropical whereas most 

alligator populations occur in a warm-temperate zone (Brisbin and Standora 1982; Conant and 

Collins 1991; Mazzotti 1989). A general ecological trend is that organisms that inhabit the 

peripheries of their natural range are often faced by a unique set of challenges and may be 

physically stressed (Heatwole 1976; Pulliam 1988; Dias 1996). South Florida alligators 

physically reflect their environment as they are generally smaller, thinner, and take longer to 

grow and mature when compared to alligators from north Florida or Louisiana (Kushlan and 

Jacobsen 1990; Dalrymple 1996; Barr 1997). This may be due to several reasons including 

climate and food availability (Jacobsen and Kushlan 1989; Dalrymple 1996; Barr 1997). The 

American alligator is a crocodilian that has evolved to inhabit temperate rather than tropical 

environments (Brisbin and Standora 1982; Mazzotti 1989). South Florida essentially represents 

an intermediate between the two, and is characterized by consistently high and equable 

temperatures compared to other parts of alligator’s range.  This relatively warmer climate may 

result in high metabolic costs for alligators that inhabit this part of their range (Howarter 1999; 
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Percival et al. 2000). On the same note, although south Florida winters are relatively mild, winter 

temperatures still reduce alligator body temperature to levels that inhibit activity (Howarter 

1999). Therefore, south Florida alligators are inactive for a greater portion of the year than are 

their northern counterparts. 

Thermoregulation 

It has been traditionally argued that active behavioral thermoregulation is less important 

for tropical ectotherms than it is for their temperate counterparts (Heatwole 1976; Peterson et al. 

1993; Shine and Madson 1996).  Specifically, because of physiologically compatible thermal 

conditions characteristic of the tropics, tropical ectotherms allocate relatively less energy towards 

behavioral thermoregulation. In theory, reptiles invest more in active thermoregulation when the 

benefits outweigh the costs and there are relatively few physical or energetic constraints (Spotila 

et al. 1972; Heatwole 1976; Huey and Slatkin 1976). This may occur in a thermally variable 

environment where there are many thermal choices and many avenues of heat exchange for an 

ectothermic animal (Heatwole 1976; Lang 1979; Lang 1987; Slip and Shine 1988; Shine and 

Madson 1996). Given the opportunity, a thermal strategy tends to evolve in which an animal 

invests more into remaining, by means of active behavior, within a narrow range of temperatures 

(Huey and Slatkin 1976). In other words, reptiles will thermoregulate when it is necessary and 

when there are opportunities to do so. In the spring throughout their natural range, alligators 

respond by actively engaging in behaviors such as basking and orienting their bodies in relation 

to the sun’s rays to optimize solar absorption (Spotila et al. 1972; Fish and Cosgrove 1987; 

Mazzotti 1989). In the Everglades, this active heat-seeking behavior is reflected in the fact that 

alligator body temperature is most variable in the spring and often higher than that of the 

surrounding environment (Abercrombie et al. 2002).  
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Alternatively, reptiles in thermally equable environments (where thermal choices are 

limited) or in environments with high cost: benefit ratios generally adopt a more thermal 

generalist strategy and thermally conform to their surrounding environment (Heatwole 1976; 

Huey and Slatkin 1976; Lang 1987; Shine and Madson 1996). In other words, reptiles will not 

thermoregulate when it is physiologically unnecessary or there are no opportunities to do so. 

Behavioral thermoregulation has its associated costs and if these costs are great thermoregulation 

becomes disadvantageous. Behavioral thermoregulation can only be beneficial when its costs are 

relatively low, and thermal specialists will engage in thermoregulation more than thermal 

generalists unless costs are high (Heuy and Slatkin 1976). The advantage of this strategy is 

simply to conserve energy stores. By becoming less active, metabolic rates are reduced and 

energy is conserved for other processes such as growth or reproduction (Lang 1987). For 

example, during the hotter portions of the year, many tropical reptile species also become more 

nocturnally active and thus avoid the intense heat of the day (Heatwole 1976; Huey and Slatkin 

1976; Shine and Madson 1996; Luiselli and Akani 2002).  

Spring in south Florida may be considered an environment with a lower cost: benefit ratio 

to alligators due to less extreme ambient temperatures, more variable thermal environments, and 

more concentrated, available food resources that result from annual dry downs. During this time, 

alligators could theoretically afford to invest more in behavioral thermoregulation and would 

behave as thermal specialists. In summer and possibly fall, south Florida becomes an 

environment with a high cost: benefit ratio for alligators due to consistently high temperatures 

coupled with low food resources due to increasing water depths and prey dispersal (Barr 1997; 

Dalrymple 1996; Kushlan and Jacobsen 1990). During this time, south Florida alligators may be 

unable to invest as much into behavioral thermoregulation and the strategy may shift from that of 
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a typical thermal specialist species to that more of a typical thermal conformer, as strategies of 

thermoregulation and thermal conformity likely occur on some continuum (C. O. Da C. 

Diefenbach 1975).   

The purpose of this study was to extend knowledge of the behavioral ecology of alligators 

in the seasonally fluctuating and anthropogenically controlled south Florida environment. I 

investigated alligator behavioral response to environmental conditions by investigating 

emergence behavior. I viewed emergence rates (proportion of time spent at the water’s surface or 

on land) as an index of heat seeking or heat avoidance behavior, as alligators are known to 

behaviorally thermoregulate both on land and at the water surface by assuming various postural 

positions or by varying the proportion of the body that is exposed (Fish and Cosgrove 1987; 

Lang 1987). Specifically, I investigated effects of season, solar radiation, nocturnal behavior, and 

water depths on emergence activity. I hypothesized that Everglades alligators would show lower 

emergence rates in summer, followed by fall and then spring due to a general avoidance of 

intense heat and decreasing thermoregulation with increasing heat. Unfortunately I was unable to 

test emergence rates in winter; however Everglades alligators are thought to be highly inactive 

during the colder winter months, usually resting in shallow water with only their nostrils exposed 

(Morea 2000). I also hypothesized that higher water depth would reflect higher summer 

temperatures and result in lower emergence rates. Alligators depend on water for effective 

cooling during summer, and water depths are highest in the summer. I expected solar radiation to 

positively influence emergence rates in the spring, but to negatively influence emergence rates in 

summer and fall when heat is avoided by alligators. I also hypothesized that alligators would be 

more nocturnally active in summer and fall like many temperate and tropical ectotherms, 

including other crocodilians (Mazzotti 1989; Luiselli and Akani 2002). Essentially, I expected to 
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see behavior that reflects low cost: benefit ratios during the relatively cooler portions of the year 

and behavior that suggests a high cost: benefit ratio during summer and fall.  

I also examined effects of size, sex, and body condition on alligator emergence rates. 

While large and small individuals within a species generally hold the same body temperatures, 

they accomplish this by different means (Mazzotti 1989). For example, all crocodilians depend 

on solar radiation and conduction in water to alter their internal temperatures, but as size 

decreases, the importance of the convective environment (ambient air temperatures) becomes 

more important (Lang 1987; Mazzotti 1989). Larger crocodilians also lose heat at a slower rate 

compared to smaller crocodilians and have comparatively more stable body temperatures than 

smaller individuals (Wright 1987). I hypothesized that since the body temperatures of relatively 

smaller alligators are more quickly adjusted by the thermal environment, these individuals will 

more often exploit the full spectrum of thermal options and as a result may be more active in 

patterns of emergence and submergence. On the other hand, I hypothesized that larger 

crocodilians, once having achieved optimal body temperatures in the morning (Lang 1987; 

Mazzotti 1989) might be expected to spend most of their time submerged in the aqueous portion 

of their habitat, especially in the hotter months, and would invariably would spend less time 

emerged than smaller individuals.  Larger crocodilians are also expected to have potential for 

longer dives due to their mass-dependent rates of oxygen consumption (Wright 1987). 

Additionally, metabolic heat production may be significant for larger alligators (Lang 1987; 

Mazzotti 1989) and this would result in larger individuals having to spend even less time seeking 

radiation at the water surface.  

I included the role of body condition to account for the likely variability in physical 

condition that may influence the effect of alligator size on emergence rates, as measured by 



 

26 

mass/length relationships. Also, the relative physical condition of an individual Everglades 

alligator, as revealed by body condition score (Zweig 2002), may have an effect on its ability to 

tolerate environmental stressors. I hypothesized that alligators with higher body condition scores 

will show higher emergence rates during the hotter parts of the year compared to alligators with 

low scores.   

Some authors report a male-biased sex ratio in alligator captures (Chabreck 1965; 

Woodward and Marion 1979; Woodward and Linda 1993). Male alligators are also know to have 

larger home ranges and higher levels of movement compared to females (Chabreck 1965; 

Howarter 1999). Female alligators may be more sedentary and secretive in nature. For this 

reason, I expected to see a higher rate of male emergence over female emergence.  

Materials/Methods 

Study Area 

This study was conducted within the Arthur R. Marshall Loxahatchee National Wildlife 

Refuge (LOX) located in western Palm Beach County, Florida (Fig. 2-1). LOX is an 

approximately 57,324 hectare refuge that represents the northernmost extent of the Greater 

Everglades Ecosystem. LOX is characterized by having a deep layer of peat and organic soil 

(Richardson et al. 1990; Davis et al. 1994) atop bottom bedrock with large areas of open sloughs, 

wet prairies, and sawgrass strands (Richardson et al. 1990). My study site is within the south-

central portion of LOX, an area defined by a relatively stable, year-round hydroperiod, 

comparatively dense vegetation, and a relatively high alligator density (L. Brandt, pers. comm.). 

Telemetry 

I used radio transmitters attached to the parietal bones of twenty-eight alligators to 

investigate emergence rates in this study. Custom VHF transmitters were equipped with 

conductivity switches that doubled the pulses per minute of the broadcasted signal when the 
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transmitter was under water. Transmitters were also designed to digitally broadcast the 

proportion of time the transmitter was underwater during the last hour. A fixed antenna and radio 

receiver were installed at the study site (UTM 17R 0573247, 2926401) and were used to detect 

and record the status of all deployed transmitters. The receiver was programmed to cycle 

continuously through all deployed transmitters so that each frequency was searched and its status 

recorded once per hour. In addition to the antenna/receiver, a weather station was installed at the 

study site to record solar radiation. Weather data were correlated with emergence data recorded 

by the fixed receiver to determine potential relationships between alligator behavior and solar 

radiation.  Transmitters remained attached for roughly four months, and the study consisted of a 

2005 (wet season, July-November, 10 alligators) and 2006 (dry season to onset of wet season, 

April-August, eighteen alligators) field season (See Appendix A for full details of telemetry 

methodology). 

Nest Searches 

Nest searches were also conducted for every female used in this study. These searches 

consisted of driving the airboat in parallel transects for approximately 0.5 kilometers on all sides 

of the capture sites of all females. The purpose of these searches was to obtain nesting 

information for the Refuge database, but was also relevant for this project because any data 

obtained from a nesting female may have biased the results due to altered behavior during 

nesting.  

Data Protocols/Management 

Protocols were developed to edit the data so that only accurate and reliable data were used 

for analysis. Full details on data protocols and management are in Appendix B. 

Daily water depths (meters above bedrock) were collected by the USGS I-9 water gauge 

located within the study area. Sunrise/sunset tables were obtained using data from the U.S. naval 



 

28 

military astronomical observatories at http://aa.usno.navy.mil. Nocturnal hours were defined as 

the first and last hours of the night that were characterized by full darkness, thus excluding the 

confounding twilight hours. Daylight hours were determined similarly. Furthermore, season was 

divided into calendar spring (from beginning of study season until 20 June 2006), summer (21 

June- 22 September 2005, 21 June- 23 September 2006, and fall (beginning 23 September in 

2005 until end of study season) for both years. I did not investigate wet season versus dry season 

per se, since the onset of these seasons are variable from year to year. Instead, I investigated wet 

conditions versus dry conditions. Solar radiation data were collected by the weather station.  

Data Analysis 

Data were analyzed using the GENMOD procedure in the Statistical Analysis System 

(SAS 1985). The analysis was essentially a time-series logistic regression (White 1990), where 

the dependent variable was a binomial response of an alligator being emerged or submerged and 

independent variables included season, solar radiation, nocturnal hours, and water depth. All 

analyses were conducted on an hourly scale. Since two weather readings were recorded every 

hour, averages of each independent variable were calculated using SAS and these averaged 

values were used in the analysis. The proportion of total alligators emerged at any given hour 

was used to investigate patterns of activity. 

Since I investigated proportions of animals rather than individual alligator patterns of 

activity, effects of alligator size, body condition, and sex on emergence probabilities were 

analyzed separately using the GLIMMIX procedure in the Statistical Analysis System.  Since the 

“size, condition, sex” model involves measurements of individual alligators, I chose the 

GLIMMIX procedure since it incorporates random effects. For this analysis, I used a subset of 

the data (due to data-related size constraints in the analysis) and analyzed only July emergence 

data to address my hypotheses regarding alligator size, body condition, and sex. By examining 

http://aa.usno.navy.mil/�
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one of the hotter months out of the year, I will be able to get a better picture of how alligators 

respond to the high cost- low benefit environment characteristic of the south Florida summer. I 

calculated body condition of my study animals using head length/mass Fulton’s K as proposed 

by Zweig et al. (2002), as this index allows for a spatial comparison of alligator populations. 

For each alligator, data collected began on the second day post-attachment to account for 

behavior in response to capture and transmitter attachment. Since many transmitters detached 

before they were collected, a conservative estimate of transmitter detachment time was 

determined for each animal as the end point for data used in this analysis. This estimate was 

based on the last collected data points with correct digital IDs and an emerged status.  

A preliminary analysis of the data revealed a significant difference in emergence 

likelihood among the 2005 and 2006 study periods. However, each field season was meant to 

represent different seasons of the year. There were differences in emergence rates between 

seasons independent of year. Although some overlap existed for summer months the data were 

pooled and analyzed using only seasons, not years, as covariates. 

Modeling 

Environmental variable analysis  

For modeling purposes, I modeled the proportion of total telemetered alligators emerged 

as a function of season, solar radiation, nocturnal hours, and water depths (Table 2-1). An 

Akaike Information Criterion (AIC) for model selection was calculated for each model and was 

used to determine which variables or combination of variables created the best fit for modeling 

emergence behavior (Pollock et al. 2002). Essentially, AIC penalizes for the addition of 

parameters, and thus selects a model that fits well but has a minimum number of parameters. 

Akaike weights were also calculated. The Akaike weight of a particular model describes, given 

the set of model used, and given that particular dataset, the probability that that particular model 
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would be the best one to describe the observed data. Model averaging was also done to 

incorporate the strengths of each competing model into a final model that would best describe 

the data collected. Model averaging essentially allows computation of a weighted average of a 

parameter from the competing models in the model set. By doing so, model selection uncertainty 

is included in the estimate of precision of the parameter, and thus unconditional estimates of 

variances and standard errors are produced. 

Size, condition, and sex variable analysis  

For this analysis, I modeled the probability of emerged status of all telemetered alligators 

as a function of size (large or small as defined by being larger or smaller than the mean weight of 

all alligators in the study), condition (Zwieg et al. 2002), and sex (Table 2-2). In addition to 

modeling size, condition, and sex, I modeled possible interaction effects between these three 

variables and included sex*size, sex*condition, and size*condition. Since the GLIMMIX 

procedure generates only psuedo-liklihoods and psuedo-AIC’s, a comparison among different 

models is not applicable.  

Results 

Environmental Variable Analysis  

“Model One” was the most general model including incorporated all of the individual 

parameters tested and was selected as the best overall model in the set. “Model One” had the 

lowest AICC and ∆ AICC value, as well as the most significant Akaike weight (0.91) (Table 2-

2). Incorporating the effects of all variables into the model was therefore very important. Of the 

entire model set, only four models had any Akaike weight at all. All of these models included the 

season variable, the solar radiation variable, water depth, and a seasonal interaction variable. 

Models that did not have these variables had no weight (Table 2-2). 
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Based on regression coefficient values (β-values) of the final averaged model, it is 

apparent that alligators in this study showed a higher probability of emergence in the spring 

compared to that of autumn (β spring = 1.252 > β autumn = 0.132) (Table 2-3). It is also apparent that 

when compared to spring and autumn, alligators were less likely to be emerged at any given time 

during summer (β spring = 1.252 > β summer =  0; β autumn = 0.132 > β summer = 0) (Table 2-3). The 

regression coefficients of the final averaged model also indicated that solar radiation had an 

overall negative influence on emergence probabilities, but this effect was slight (β solar = -0.001) 

(Table 2-3). However, solar radiation had a slight but positive influence on emergence 

probabilities in the spring and autumn when compared to summer (β spring = >0.001 > β summer =  0) 

(Table 2-3). This result translates into the trend that alligators avoid solar radiation to a greater 

degree in the summer, although again the difference was slight. Another finding based on the 

final model is that alligators were less likely to be emerged during the day than at night (β day =   

-0.148 < β night =  0) (Table 2-3). Alligators also showed a greater degree of nocturnal behavior in 

spring compared to autumn and summer ((ß spring = 0.058 > ß autumn = -0.683, β summer = 0) (Table 

2-3). Finally, based on the regression coefficient values of the final averaged model, relatively 

higher water depths had a negative effect on the emergence rates of alligators (β depth = -0.077) 

(Table 2-3). 

Size, Condition, and Sex Variable Analysis  

Regression coefficient values indicated that in the month of July, the relatively smaller 

animals used in this study were more likely emerged at any given time compared to the larger 

individuals (F small= 0.1705 > F large= 0) (Table 2-4). Females were also less likely to be emerged 

than males in this study (F female = -1.4707 < F male = 0) (Table 2-4). Based on regression 

coefficient values, it is apparent that emergence rates were positively correlated to body 

condition (F condition = 0.1498) (Table 2-4). Many of the alligators examined in the study had 
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overall poorer body condition when compared to average body conditions for other areas in 

south Florida (Table 2-5), although overall this tendency was not significant (p-value = 0.17) 

(Table 2-6). Spring 2006 study animals had overall poorer body condition when compared to 

average body conditions for other areas in south Florida (p-value = 0.05) (Table 2-7), but fall 

2005 study animals did not differ (p-value = 0.88) (Table 2-8). Body condition was higher in the 

fall compared to the spring among the study animals (Table 2-5). Spring-captured 2006 study 

animals had poorer body condition even when compared to spring-captured LOX alligators in 

other recent years (Table 2-9). This trend was apparent but not quite significant (p-value = 0.07) 

(Table 2-10).  

Discussion 

Seasonal Activities 

The final model indicated a higher probability of emergence in spring compared to that of 

fall (Table 2-3). If springtime in the Everglades does represent more of a temperate environment 

with a low cost: benefit ratio, these results suggest that alligators are investing energy into active 

thermoregulation with increased basking behavior, assuming active behavioral thermoregulation 

has an associated energetic cost (Huey and Slatkin 1976; Seebacher and Grigg 1997). 

Abercrombie et al. (2002) report that Everglades alligators achieved warmer temperatures than 

their environment in the spring, when they are thought to more often leave or emerge from the 

water to bask. This active heat-seeking behavior is also reflected in the fact that alligator body 

temperature is most variable in the spring and often higher than ambient temperatures (Howarter 

1999; Abercrombie 2002). Everglades alligators are hypothesized to spend their time feeding in 

the spring, taking advantage of the spring concentration of aquatic food resources during the 

seasonal dry down (Mazzotti and Brandt 1994; Dalrymple 1996; Barr 1997). Alligators are also 

hypothesized to seek heat after feeding (Lang 1979; Fish and Cosgrove 1987). Everglades 
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alligators may be emerged more often in spring because they are elevating their body 

temperature following feeding. This would decrease digestion time and allow the alligator to eat 

again while food is relatively plentiful. Alligators would therefore be emerged less in summer 

and fall not necessarily because it is too hot but because they are not feeding, and are therefore 

not seeking heat for digestion. Because alligators experience reduced benefits in the summer and 

fall since they are typically eating less, they may also be reducing the costs by reducing 

behavioral thermoregulation and drifting towards thermal conformity on the continuum.  

Other natural behaviors besides thermoregulation could also help explain these results. 

Alligators move more during the spring in response to the breeding season (Chabreck 1965), and 

this may also help to explain the results of this study. In addition, other seasonal variations not 

specifically measured in this study may exert additional influence over alligator behavior. Many 

reptiles (and indeed other forms of life) are especially sensitive to seasonal photoperiods, and it 

is the photoperiod that often acts as a behavioral and physiological trigger (Heatwole 1976; Lang 

1976; Christian and Weavers 1996). Lang (1976) proposed that photoperiod may even be a more 

important cue than temperature in determining alligator amphibious behavior. If this is the case, 

then Everglades alligators might react in a predictable way regardless of water depth. With 

consistently low or high water depths across seasons, alligators would not engage in a thermally 

optimal behavior, which would have negative effects on individual fitness and ultimately on 

populations. 

Solar Radiation 

Solar radiation had an overall negative influence on emergence probabilities in this study 

(Table 2-3). Alligators also avoided solar radiation to a greater degree in the summer (Table 2-3). 

The results of this study suggest that alligator thermoregulatory behavior shifts from heat seeking 

to heat avoidance and reflects an environmental transition from a relatively low cost: high benefit 
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environment to a high cost: low benefit environment. Alligators in south Florida likely have no 

problems in achieving optimal temperatures in the spring through active heat seeking.  

Heat seeking behavior is generally described for the temperate alligator (Mazzotti 1989). 

Specifically, alligators are said to move onto land in the morning to bask and remain emerged, at 

least partially, throughout the day. Alternatively, tropical crocodilians such as Crocodylus 

porosus generally display heat avoidance; they will bask in the early morning and spend the rest 

of the day submerged (Grigg et al. 1985; Mazzotti 1989). However, the same heat avoidance 

behavior has been reported for American alligators during summer months in south Florida 

(Howarter 1999). Alligators in the Everglades struggle to keep their body temperatures low 

enough to be in the optimal range and thus exhibit heat avoidance during the summer months 

(Howarter et al. 2000). Summertime heat avoidance by alligators is also suggested by Goodwin 

and Marion (1979), who report that alligators in a lake in Alachua county, north-central Florida, 

showed a decrease in activity during the hot summer months.  Lang (1987) suggested that a 

crocodilian’s thermal preference is inversely related to its thermal environment. Specifically, 

thermoregulation is obvious in species occupying thermally variable environments while 

strategies of thermo-conformity characterize species living in thermally equable environments 

(Lang 1980). In any case, it can be argued that south Florida alligators exhibit a kind of 

fluctuating behavior between thermoregulating and thermoconforming crocodilians.  

Although south Florida may be considered an environment with a relatively lower cost- 

higher benefit (to an alligator) during the cooler portions of the year, and an environment with a 

relatively higher cost- lower benefit during summer and fall, it may not be accurate to say that 

alligators invest less energy into thermoregulation. Heat avoidance behavior by alligators is still 

thermoregulation and may represent considerable cost. However, alligator body temperature is 
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hypothesized to show more variability between the environment in the spring compared to 

warmer times of the year such as summer and fall (Howarter 1999, Abercrombie et al. 2002). 

This suggests that alligators approach thermal conformity in the hotter months as it does in the 

colder winter months as well (Howarter 1999). 

Strategies of thermoregulation and thermal conformity likely occur on some continuum (C. 

O. Da C. Diefenbach 1975). In other words, there may not be an example of a “perfect” 

thermoregulator or a “perfect” thermal conformer. Many tropical species have been observed to 

display heat seeking behavior (Luiselli and Akani 2002; Seebacher et al. 2005), and it is likely 

that many ectotherms have different preferred body temperatures depending on their activity 

(Lang 1979). Although alligators seem to approach thermal conformity during the hotter months 

in south Florida, they are not “perfect” thermal conformers since the availability of alligator 

holes allows an effective escape from the heat. Alligators have also been observed actively 

avoiding heat when temperatures approach or exceed 35ºC (Fish and Cosgrove 1987). 

Unfortunately, data for winter behavior are lacking in this study. Strangely, alligators only 

sporadically exhibit heat-seeking behavior in the winter through much of their Florida range 

(Brisbin and Standora 1982). Alligators only episodically seek relative warmth in the winter, and 

show thermal conformity to deep water temperatures with body temperatures cooler than shallow 

water temperatures by an average of 3.6 ˚C (Howarter et al. 2000). During winter months across 

the alligator’s range it is probably too cold to feed and alligators might deal with the lack of food 

by staying cool and minimizing their metabolism. It has been suggested that alligators allow their 

bodies to cool in the winter but occasionally heat up to help remove metabolic wastes (Howarter 

1999). Emergence probabilities as a function of solar radiation * winter remain to be tested.  
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Circadian Rhythms 

 Alligators were less likely to be emerged during day than at night (Table 2-3). Alligators 

in south Florida are often confronted by excess heat and may respond by becoming more active 

during cooler nighttime hours. The results of this study showed this trend especially in summer 

(Table 2-3). Interestingly, results show that alligators are more nocturnally active in summer 

compared to autumn. Summer is presumably the season which brings on the highest level of heat 

in south Florida (Barr 1997; Howarter 1999). Alligators probably become more nocturnally 

active in the summer months, compared to autumn, to climb onto land and release excess heat. 

When confronted by high heat and low food densities that characterize the south Florida autumn, 

alligators may start to become less active both day and night.  

A comparison between alligator nocturnal behavior across their natural range may yield 

interesting results. In the meantime, our results are similar to those reported from earlier studies 

on Crocodylus porosus (Grigg et al. 1985) and Crocodylus johnstoni (Seebacher et al. 2005). 

Underwater dives occurred more often and for longer periods of time during daylight hours in 

the estuarine crocodile (Crocodylus porosus) studied by Grigg et al. (1985).  The authors suggest 

that this species, like all crocodilians, are good visual predators and that daylight 

foraging/feeding is a reasonable explanation for this pattern of activity. Another explanation is 

that daylight hours are spent resting on the bottom, but this explanation is less likely due to 

apparent irregularity of surfacing intervals. Interestingly, crocodiles spent more time emerged 

during daily low tides, perhaps comparable to a relatively shallower aquatic habitat like the 

Everglades. Water depths may drive behavior of this species in a different way than researchers 

have seen in the American alligator. Seebacher et al. (2005) reported similar results for 

Crocodylus johnstoni. This species appears to be diurnally active in terms of diving behavior and 

spends most of the nighttime hours at the surface of the water. Activity patterns in C. johnstoni 
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reflected but preceded both body temperature and solar radiation, and diving behavior began to 

decrease as body temperature and solar radiation peaked (Seebacher et al. 2005). Interestingly, 

this tropical species appears to show a heat-seeking behavior, being emerged more with high 

levels of solar radiation. A possible explanation for this trend is that C. johnstoni may forage 

differently than A. mississippiensis, and its behavior reflects that of its prey.  Alternatively, C. 

johnstoni may operate in a significantly higher or more variable range of optimal body 

temperature than does A. mississippiensis. Any interpretation of reptilian thermoregulatory 

behavior must consider the physiology of the species in question. For example, some semi-

aquatic tropical lizards have been observed to thermally select for lower temperatures than their 

terrestrial counterparts (Christian and Weaver 1996). Also, inferences drawn regarding alligator 

thermal selection must also consider other behavioral activities. There always exists the 

possibility that thermoregulation may sometimes take a backseat to other natural behavior 

including underwater foraging/feeding and social interactions. 

Water Depths 

Alligator movement is said to increase with increased water depth (Chabreck 1965). In 

this study, alligators were less likely to be emerged in relatively deeper water (Table 2-3). These 

results support my hypothesis that higher water depth would result in lower emergence rates. 

Other seasonal variations, as previously discussed and independent of water fluctuations, may 

exert more influence over alligator behavior and may effectively override the influence of water 

depths. 

Although LOX experiences seasonal fluctuations in water depths as does the rest of the 

Everglades ecosystem, the differences are often less extreme (Richardson et al. 1990). Unless it 

is an exceptionally dry year, LOX inner marshes are characterized by a year-round hydroperiod. 

However, I may have been lucky in my choice of field seasons. Fall 2005 was an exceptionally 
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wet year and LOX experienced unusually elevated fall water depths as a result of several tropical 

storms and hurricanes. Spring 2006 was remarkably dry, as significant rainfall did not occur until 

relatively late in the summer. Until then, much of the interior marshes at LOX had turned into 

mudflats (CB, pers. obs.).  

Effects of water depths versus season are difficult to separate. It becomes difficult 

however to test the effects of varying water depths independent of season. Even by correcting for 

water depth, other seasonally dependent variables such as photoperiod and prey availability are 

not accounted for. To understand relationships between water depth and season, this study would 

need to be repeated in a compartment of Everglades where water depths are known to be 

exceedingly high or exceedingly low in spite of season, and results then need to be compared. 

The Greater Everglades Ecosystem, in regards to its compartmentalization and experimental 

water regimes, provides the best natural (or unnatural) laboratory in which to study such a 

relationship. 

Alligator Size 

My hypothesis that larger crocodilians might be expected to show a lower degree of 

emergence than smaller individuals was supported by the results of this study (Table 2-4), at 

least during a period of high costs and low benefits. Although the sample size was relatively 

small, and all alligators were adults, the smaller individuals in the study were more likely 

emerged at any given point in time compared to the larger individuals in the study during the 

months of July. 

Larger crocodilians lose heat at a slower rate compared to smaller crocodilians and have 

comparatively more stable body temperatures than smaller individuals (Wright 1987). 

Additionally, metabolic heat production may be also significant for larger alligators (Lang 1987; 

Mazzotti 1989). During the hot summer months, the largest alligators in this study appear to have 
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consistently selected the cooler environmental medium, for example the water during the day and 

the ambient air at night. They showed lower emergence rates in July and more often remained in 

the relatively cooler conductive medium than smaller individuals. Larger alligators would have 

the inherent potential to avoid solar radiation and remain in the conductive environment for 

longer as they have the physiological potential for longer dives due to their mass-dependent rates 

of oxygen consumption (Wright 1987). The smaller alligators in the study may have been able to 

more quickly cool off in the conductive environment and as a result could more often return to 

the solar radiation at the water surface. As alligator size decreases, the importance of the 

convective environment (ambient air temperatures) also becomes more important (Lang 1987; 

Mazzotti 1989).  

Alligator Condition 

My hypothesis that alligators with higher body condition scores will show higher 

emergence rates during the hotter parts of the year compared to alligators with low condition was 

also supported. Body condition showed a positive relationship with emergence rates in this study 

(Table 2-4). I would hypothesize further that individuals in better condition are better able to 

handle additional environmental stressors. Although some reptiles have been known to seek heat 

while physically ill, this is usually a response to combat pathogens (Lang 1987) and heat-seeking 

does not seem to be a response to low energy stores. 

Many of the alligators examined in the study were underweight and had overall poorer 

body condition when compared to average body conditions for other areas in south Florida 

(Table 2-5). Spring-captured 2006 study animals had poorer body condition even when 

compared to spring-captured LOX alligators in other recent years (Table 2-10). This may be due 

to intense heat experienced by these alligators coupled with the extended hydroperiod at LOX 

that does not adequately allow physical concentration of prey, especially following prolonged 
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high water depths brought about by the storms and hurricanes of 2005. The sub-optimal physical 

condition of these individuals may have affected their natural behavior. An individual in poorer 

condition will be less able to tolerate environmental stressors. Some of these individuals may not 

have been ideal representatives for the species as a whole, or even for other population in south 

Florida. The poor condition of some of the females used in the study may also explain the lack of 

active nests.  

That body condition was higher in the fall compared to the spring among the study 

animals (Table 2-4) suggests that summer, fall, and winter seasons are probably energetically 

demanding for Everglades alligators. By spring alligators are in poor condition. However, spring 

is the season in which alligators are able to recover from seasonal trials (Dalrymple 1996; Barr 

1997; Howarter 1999). Spring is metabolically the most important season for alligator 

populations in the Everglades due to breeding cycles and feeding on concentrated food supplies 

during the dry season (Dalrymple 1996; Abercrombie et al. 2000). Spring feeding will result in a 

recovery of fat stores and an increase in body condition by the fall (Abercrombie et al. 2000). 

This demonstrates the importance of seasonal conditions to the long-term survival of Everglades 

alligators.  

Alligator Sex 

My hypothesis that male alligators would show higher rates of emergence was supported 

by this study. Male alligators in this study were less likely to be emerged than females at any 

given point in time in July. Female alligators may be more secretive by nature and would 

therefore spend more time underwater. This possible trend was evident during the capture 

sessions of study animals across both years. For example, a 7:3 male: female sex bias resulted 

from opportunistic captures among the 2005 study animals. In 2006, I actively selected for more 

females but still ended up with more males. This may suggest that either there is a male bias in 
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the local population, or that females are simply more secretive than males by nature. Similar 

capture rates sex biases have been described for this species elsewhere (Chabreck 1965; 

Woodward and Marion 1979).  

In the presence of researcher activity, male alligators may be more likely at the surface 

than females due to territorial or other aggressive behaviors but this remains to be tested. Male 

alligators are generally thought move more than females (Spratt 1997). Researcher presence 

could be included as another independent variable in future studies as human/airboat presence 

likely has some short-term effects on crocodilian emergence behavior (Webb and Messel 1979; 

Woodward and Linda 1993; Pacheco 1996).  

Implications and Future Work 

Water depth is known to affect courtship, nesting, growth and survival, but may also have 

impacts on other behavioral adaptations of American alligators including thermoregulation. 

Summer and autumn temperatures, coupled with low food availability, are such physical 

stressors that alligators are dependent on the availability of standing water to escape heat and 

avoid activity. When water dries up completely, behavioral patterns are disrupted including those 

associated with thermoregulation (Spotila et al.1972). If alligators in south Florida are deprived 

of water in summer and fall, their chances of survival, on an individual and population level, 

begins to fall. High summer heat requires greater summer water depths to provide thermal 

refugia (Howarter 1999), since behavioral avoidance of heat occurs at the bottom of a substantial 

water column. However, annual water depths cannot be too high, because Everglades alligators 

depend on seasonal dry-downs that result in concentrated food supplies (Jacobsen and Kushlan 

1989; Dalrymple 1996; Barr 1997). If natural conditions and water cycles are not maintained in 

the Everglades, alligators may not optimally thermoregulate. For example, if water levels are too 

high in the spring, and spring shifts to a low cost: low benefit environment, alligators may 
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respond by allocating energy towards careful behavioral thermoregulation but without the 

energetic gains of concentrated aquatic food. Similarly, if water levels are too low in the summer 

and fall, and the environment becomes one of high costs and high benefits, would alligators 

effectively miss the opportunity to feed and restore energy stores as they avoid heat? The end 

result could have negative effects on the fitness of individual animals, and ultimately have 

negative impacts at the population level. Everglades alligators are ultimately dependent on the 

natural seasonal variations and heterogeneity that characterizes the greater Everglades 

ecosystem.  

A repeated study of similar design is suggested for locations in north Florida and/or 

another northern part of the alligators range for comparison. This would also enable us to 

corroborate whether any behavioral shifts occur across alligator populations as a function of 

latitude. A repeated study would also offer a comparison between alligators of varying body 

condition.  

Finally, an interesting variation to the study design is also proposed. By adding an 

additional transmitter of similar design, one on the head as well as one attached mid-dorsally on 

the base of the tail, researchers could consider when an alligator is emerged or submerged, as 

well as when an alligator is in water or on land. This information will offer us more insight into 

thermoregulatory behavior and under what specific conditions are alligators leaving and 

reentering the aquatic portion of their habitat.  

Understanding alligator responses to differences in seasonal conditions allows us to better 

understand potential responses to alternate restoration actions in the Everglades. Understanding 

the thermal ecology of the American alligator in south Florida will allow managers to make more 

informed decisions regarding habitat restoration, especially in regards to appropriate water 
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depths. The emergence behavior presented here can also be practically applied to improve the 

efficacy of south Florida alligator surveys. The results of this study have hopefully shed some 

light on alligator behavioral ecology in south Florida, and these results may have important 

implications regarding alligator surveys as well as conservation/management decisions. 
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Figure 2-1. Study site at Arthur R. Marshall Loxahatchee National Wildlife Refuge. 
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Table 2-1. Environmental variables of all models used to describe the emergence dynamics of 
alligators in Arthur R. Marshall Loxahatchee National Wildlife Refuge. 

Model 1 Model 2 Model 3 Model 4 
Season Season Season  Season 
Water depth Water depth Water depth Water depth 
Solar radiation Solar radiation Solar radiation Solar radiation 
Night Night Night Night 
Solar 
radiation*season 

Solar 
radiation*season Night*season  

Night*season    
    

Model 5 Model 6 Model 7 Model 8 
Water depth Water depth Solar radiation Night 
Solar radiation Night Night  
Night    
    

Model 9 Model 10 Model 11 Model 12 
Season Season Season  Season 
Solar radiation Solar radiation Solar radiation Solar radiation 
Night Night Night Night 
Solar 
radiation*season 

Solar 
radiation*season Night*season  

Night*season    
    

Model 13 Model 14 Model 15 Model 16 
Season Season Season  Season 
Water depth Water depth Solar radiation Water depth 
Solar radiation Solar radiation   
Solar 
radiation*season    
    

Model 17 Model 18 Model 19 Model 20 
Season Season Season  Season 
Water depth Water depth Night  

Night Night   
Night*season    

*Model 1 represents the general model 
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Table 2-2. The AICC, ∆ AICC, and Akaike weights of 20 models used to describe the emergence 
dynamics of alligators in Arthur R. Marshall Loxahatchee National Wildlife Refuge. 

MODEL AICC ∆ AICC AKAIKE WEIGHT
1 35074.31 0 0.91 
2 35078.91 4.6 0.09 

13 35091.25 16.93 <0.01 
3 35097.61 23.29 <0.01 
4 35102.75 28.44 0.00 

14 35117.28 42.96 0.00 
5 35177.36 103.05 0.00 
9 35879.21 804.90 0.00 

10 35883.54 809.23 0.00 
11 35899.21 824.90 0.00 
12 35904.32 830.01 0.00 
15 35918.19 843.88 0.00 
7 36129.64 1055.32 0.00 

17 43652.47 8578.16 0.00 
18 43660.88 8586.56 0.00 
6 43737.70 8663.39 0.00 

16 43818.98 8744.67 0.00 
19 44474.17 9399.86 0.00 
20 44633.77 9556.46 0.00 
8 44824.13 9749.81 0.00 

* AIC values represent a relative index of goodness of fit compared to other models in the 
model set; the smaller the value the better the fit. Delta AIC values of < 2 generally 
suggest substantial evidence for the model. Values between 3 and 7 indicate that the 
model has considerably less support, and values > 10 indicate that the model is highly 
unlikely.  Akaike weights indicate the probability that the model is the best among the 
whole set of candidate models. 



 

47 

Table 2-3. Regression coefficients (β-values) and associated confidence intervals of the averaged 
model used to describe the emergence dynamics of Arthur R. Marshall Loxahatchee 
National Wildlife Refuge alligators. 

PARAMETER β-VALUE LOWER 95% CI UPPER 95% CI 
Intercept 15.165  9.600 20.730 
Autumn 0.132  -0.066 0.331 
Spring 1.252  0.935 1.570 
Summer 0.000 0.000 0.000 
Water depth -0.077 -0.461 0.308 
Daylight -0.148 -0.232 -0.065 
Nighttime 0.000 0.000 0.000 
Solar radiation -0.001 -0.001 -0.001 

Autumn(night) -0.683 -0.840 0.527 
Spring(night) 0.058 -0.419 0.536 
Summer(night) 0.000 0.000 0.000 
Autumn(solar) <0.001 <0.001 <0.001 
Spring(solar) <0.001 <0.001 <0.001 
Summer(solar) 0.000 0.000 0.000 

*’Intercept’ describes the slope of the regression. Parameters with β-values of 0 serve as baseline 
measurements from which comparative values are drawn for other parameters in the group. Significant 
Pr>ChiSq values (>0.05) indicate the probability under the null hypothesis (the given parameter has no 
effect) of obtaining a test statistic at least as extreme as the observed value.. 
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Table 2-4. Regression coefficients of a model used to describe the emergence dynamics of 
alligators in Arthur R. Marshall Loxahatchee National Wildlife Refuge based on size, 
body condition, and sex.  

PARAMETER F-VALUE Pr>F 
Intercept -1.9341 <0.0001 
Small 0.1705 <0.0001 
Large 0.0000 <0.0001 
Body condition 0.1498 0.0002 
Female -1.4707 <0.0001 
Male 0.0000 <0.0001 

*’Intercept’ describes the slope of the regression. Parameters with β-values of 0 serve as baseline 
measurements from which comparative values are drawn for other parameters in the group. Significant 
Pr>ChiSq values (>0.05) indicate a parameter that has a significant influence in the model. 
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Table 2-5. Average body condition scores of 1999-2005 south Florida alligators and 2005-2006 
Arthur R. Marshall Loxahatchee National Wildlife Refuge alligators. 

LOCATION BODY CONDITION SCORE 

ENP SS 
 

 
10.8 
 

ENP FC 
 

 
9.5 
 

WCA3A-N41 
 

 
9.3 
 

WCA3A-HD 
 

 
10.7 
 

WCA3B 
 

 
9.8 
 

WCA2A 
 

 
10.0 
 

 
BICY 
 

11.1 
 

LOX 
 

 
10.5 
 

2005-2006 
study animals 
 

9.15 
 

fall 2005  
study animals 
 

10.1 
 

spring 2006  
study animals 
 

8.6 
 

*  Values for all other south Florida locations represent the average values from 1999-2005. All alligators were 
caught roughly at the same time of year. ‘ENP SS’ represents Shark Slough, Everglades National Park. ‘ENP FC’ 
represents Frog City Slough in Everglades National Park. ‘WCA3A-N41’ represents Water Conservation Area 3A 
North of Highway 41. ‘WCA3A-HD’ represents Holiday Park. ‘WCA2A’ represents Water Conservation Area 2A. 
‘BICY’ represents locations in Big Cypress National Preserve. ‘LOX’ represents other areas within A. R. Marshall 
Loxahatchee National Wildlife Refuge (Comprehensive Everglades Restoration Plan Monitoring and Assessment 
Plan Annual Assessment Report 2006). 
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Table 2-6. Analysis of variance for average body condition of 2005-2006 Arthur R. Marshall 
Loxahatchee National Wildlife Refuge alligators and 1999-2005 south Florida 
alligators.  

SUMMARY       
Groups Count Sum Average Variance   

1999-2005 8 81.7 10.21 0.43   
2005-2006 study 
animals 1 9.15 9.15 N/A   
       
       
ANOVA       

Source of Variation SS df MS F P-value F crit 
Between Groups 1 1 1 2.33 0.17 5.59 
Within Groups 3 7 0.43    
       
Total 4 8         
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Table 2-7. Analysis of variance for average body condition of spring 2006 Arthur R. Marshall 

Loxahatchee National Wildlife Refuge alligators and 1999-2005 south Florida 
alligators.  

SUMMARY       
Groups Count Sum Average Variance   

1999-2005 8 81.7 10.21 0.43   
spring 2006 
animals 1 8.6 8.6 N/A   
       
ANOVA       

Source of 
Variation SS df MS F P-value F crit 

Between Groups 2.31 1 2.31 5.38 0.05 5.6 
Within Groups 3.01 7 0.43    
       
Total 5.32 8         
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Table 2-8. Analysis of variance for average body condition of fall 2005 Arthur R. Marshall 
Loxahatchee National Wildlife Refuge alligators and 1999-2005 south Florida 
alligators.  

SUMMARY       
Groups Count Sum Average Variance   

1999-2005 8 81.7 10.21 0.43   
fall 2005 animals 1 10.1 10.1 N/A   
       
       
ANOVA       

Source of Variation SS df MS F P-value F crit 
Between Groups 0.01 1 0.01 0.03 0.88 5.59 
Within Groups 3.01 7 0.43    
       
Total 3.02 8         
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 Table 2-9. Comparison of average body condition of spring 2006 and spring 1999-2005 Arthur 

R. Marshall Loxahatchee National Wildlife Refuge alligators.  

YEAR 
BODY CONDITION 

SCORE 
1999 10.6 
2000 10.5 
2001 11.6 
2002 10.9 
2003 9.4 
2004 10.2 
2005 9.5 
2006 study animals 8.6 
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Table 2-10. Analysis of variance for average body condition of spring 2006 and spring 1999-

2005 Arthur R. Marshall Loxahatchee National Wildlife Refuge alligators.  
SUMMARY       

Groups Count Sum Average Variance   
1999-2005  7 72.7 10.39 0.6   
2006 study 
animals 1 8.6 8.6 N/A   
       
       
ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 2.8 1 2.8 4.67 0.07 5.99 
Within Groups 3.59 6 0.6    
       
Total 6.38 7         
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CHAPTER 3 
EMERGENCE DYNAMICS OF AMERICAN ALLIGATORS (Alligator mississippiensis) IN 

ARTHUR R. MARSHALL LOXAHATCHEE NATIONAL WILDLIFE REFUGE AND THEIR 
APPLICATION TO ALLIGATOR MONITORING 

Introduction 

Alligators are a top conservation concern in the Everglades ecosystem. They are an 

excellent indicator of ecological balance and measure of restoration success. The alligator’s 

natural sensitivity to fluctuating water depths, as well as their sensitivity to overall system 

production as top predators, makes them ideal indicators of the state of the ecosystem (Mazzotti 

and Brandt 1994; Rice et al. 2005). Since the success of many other species is dependent on a 

natural alligator population (Rice et al. 2004), alligator populations throughout south Florida are 

monitored closely as Everglades restoration advances. 

Everglades Restoration 

Methods are currently being developed for long-term monitoring of American alligator 

population trends throughout the Greater Everglades Ecosystem. This monitoring is part of the 

Monitoring and Assessment Plan (MAP) of RECOVER (REstoration COordination and 

VERification) and has the goal of assessing the impacts of Everglades Restoration. The scope of 

work for this study is related to the Comprehensive Everglades Restoration Plan Monitoring and 

Assessment Plan (CERP, signed into law in 2000).  The relationships between dry season refuge, 

aquatic fauna, wading birds, and alligators have been identified as key uncertainties in the CERP.  

Alligators were chosen as an indicator of restoration success in this plan due to their ecological 

importance and sensitivity to hydrology, salinity, habitat productivity, and total system 

productivity (Rice et al. 2005).  Models are being developed to predict the response of natural 

communities to restoration strategies. Data from this study, among others, will offer information 
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that will be used to evaluate trade-offs of restoration scenarios.  But above all, data from this 

study will be used to improve alligator monitoring in the Everglades. 

Everglades Alligator Surveys 

A network of survey routes was established to assess alligator distribution and abundance 

throughout the Greater Everglades Ecosystem beginning in 1998. This network was designed to 

monitor changes in alligator populations over time in response to restoration and includes sites in 

Arthur R. Marshall Loxahatchee National Wildlife Refuge (LOX). The objective of this study 

was to improve alligator survey methods within the alligator survey network. Particularly, I 

investigated methods that would improve estimates of alligator detectability during spotlight 

surveys, thereby decreasing the time required to detect significant trends in alligator populations 

following different restoration actions. This research will allow managers to quickly recognize 

and respond to a resulting positive or negative population trend, and thus will provide a tool for 

adaptive management of Everglades restoration. 

Alligator Detectability 

During spotlight surveys most individuals in the alligator population are never seen 

(Woodward et al. 1996). Previous estimates suggest that the undetected alligators may represent 

as much as 91% of the total population (Woodward et al. 1996). During spotlight surveys, the 

probability of alligator detection by researchers is a function of observer efficacy, habitat, 

alligator wariness due to airboat/human presence, and natural variations in behavior (Graham 

and Bell 1969; Murphy 1977; Brandt 1989; Woodward and Linda 1993). This research will 

specifically focus on alligator emergence behaviors as they relate to various environmental 

factors, with the ultimate goal of correcting survey results in an appropriate manner to account 

for bias due to missed individuals. As alligator surveys provide a relative measure of alligator 

abundance, information from this study may be used to provide a more accurate index of the real 
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number of alligators present during surveys, as well as to determine optimal conditions to 

conduct surveys.  

Determining alligator detectability due to emergence behaviors involves estimating the 

probability that an alligator’s head will be above water and therefore available for counting. This 

study aims to answer two central questions – What proportion of a population would researchers 

expect to see under a given set of conditions, and at what time of night and under what 

environmental conditions is the largest proportion of alligators at the surface and available for 

counting? 

Hypotheses 

It is assumed that the proportion of time spent emerged is in part a function of 

environmental variables including season, water depths, time of night, moon phase, water and air 

temperature, rain, and wind speed. My first hypothesis was that time spent emerged will be 

highest in the spring, when Everglades alligators are generally more active feeding and breeding 

(Mazzotti and Brandt 1994; Howarter 1999; Abercrombie 2002). I also hypothesized that 

emergence rates will be higher when water depths are low, both because the dry season occurs 

during spring and because there will be less water available water in which to submerge. In 

relation to moon phase, I expected to see a positive relationship between emergence rates and 

level of moonlight. This assumption is based on results obtained by Woodward and Marion 

(1979). In this north-central Florida study, alligator counts during spotlight surveys were 

positively correlated with levels of nocturnal light during warm weather. Since south Florida 

temperatures are generally higher in all seasons (with the possible exception of summer) 

compared to north Florida, I expected to see this positive correlation throughout my study. I 

hypothesized that time spent emerged as a function of water temperature will show a slight 

positive relationship. This hypothesis was based on results reported from Woodward and Marion 



 

58 

(1979) and Murphy (1977). Woodward and Marion (1979) however suggest that this positive 

relationship is strongest during times of relatively cool ambient air temperatures. During warm 

weather, this positive relationship between water temperatures and night counts becomes weaker 

(Woodward and Marion 1979). Murphy (1977) conducted his research in South Carolina where 

relative ambient air temperatures are cooler still. In the warm south Florida climate, the 

relationship between water temperature and emergence rates may be slight. I hypothesized that 

the relationship between ambient air temperature and emergence rates will be negligible, as 

reported by Woodward and Marion (1979). Additionally, I hypothesized that time spent emerged 

will show an inverse relationship with wind speed, since submergence is one strategy 

crocodilians are known to use to seek protection from wind (Mazzotti 1989; Pacheco 1996). 

Relationships between emergence rates and rain were hypothesized to be negligible, as 

Woodward and Marion (1979) reported no significant effect of precipitation on nights counts in 

their study. Sarkis-Goncalves et al. (2004) reported similar results for Caiman latirostris. 

This study will present an index of alligator emergence behavior in response to the above 

mentioned environmental predictor variables. The efficiency of the new techniques used in this 

study will also be evaluated at the end to determine if they are worth repeating in future studies. 

Materials/Methods 

Study Area 

This study was conducted within the Arthur R. Marshall Loxahatchee National Wildlife 

Refuge (LOX) located in western Palm Beach County, Florida (Fig. 2-1). LOX is an 

approximately 57,324 hectare refuge that represents the northernmost extent of the Greater 

Everglades Ecosystem. LOX is characterized by having a deep layer of peat and organic soil 

(Richardson et al. 1990; Davis et al. 1994) atop bottom bedrock with large areas of open sloughs, 

wet prairies, and sawgrass strands (Richardson et al. 1990). My study site was within the south-
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central portion of LOX, an area defined by a relatively stable, year-round hydroperiod, 

comparatively dense vegetation, and a relatively high alligator density (L. Brandt, pers. comm.). 

Telemetry 

I used radio transmitters attached to the parietals of twenty-eight alligators to investigate 

emergence rates in this study. Telemetry equipment for this study included custom VHF 

transmitters equipped with conductivity switches used to double the pulses per minute of the 

broadcasted signal when the transmitter was underwater. Transmitters were also designed to 

broadcast as digital data the proportion of time the transmitter was underwater during the last 

hour. A fixed antenna and radio receiver were installed at the study site (UTM 17R 0573247, 

2926401) and were used to detect and record the status of all deployed transmitters. The receiver 

was programmed to cycle continuously through all deployed transmitters so that each frequency 

was searched for and its status was recorded once per hour. In addition to the antenna/receiver, a 

weather station was installed at the study site to record environmental data. For the purposes of 

this study, weather data were correlated with emergence data recorded by a fixed receiver to 

determine potential relationships between alligator behavior and water and air temperature, rain, 

and wind speed.  Transmitters remained attached for roughly four months, and the study 

consisted of a 2005 (wet season, July-November, ten alligators) and 2006 (dry season to onset of 

wet season, April-August, eighteen alligators) field season (See Appendix A for full details of 

telemetry methodology). 

Nest Searches 

Nest searches were also conducted for every female used in this study. These searches 

consisted of driving the airboat in parallel transects for approximately 0.5 kilometers on all sides 

of the capture sites of all females. The purpose of these searches was to obtain nesting 

information for the Refuge database, but was also relevant for this project because any data 
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obtained from a nesting female may have biased the results due to altered behavior during 

nesting.  

Data Protocols/Management 

Protocols were developed to edit the data so that only accurate and reliable data were used 

for analysis. Full details on data protocols and management are in Appendix B. 

Water depth data were collected by the USGS I-9 water gauge located within the study 

area. Sunrise/sunset tables and moon phase data were obtained using data from the U.S. naval 

military astronomical observatories at http://aa.usno.navy.mil. Only nocturnal data were used 

since spotlight surveys occur at night. Nocturnal hours were defined as the first and last hours of 

the night that were characterized by full darkness, thus excluding the confounding twilight hours. 

Moon phases were dived into full moon, half-moon, and quarter moon for analyses. Additional 

environmental data were collected by the weather station and included air temperature, water 

temperature, rainfall, and wind. Seasons were divided into calendar spring (from beginning of 

study season until 20 June 2006), summer (21 June- 22 September 2005, 21 June- 23 September 

2006, and fall (beginning 23 September in 2005 until end of study season) for both years. I did 

not investigate wet season versus dry season per se, since the onset of these seasons are variable 

from year to year. Instead, I investigated wet conditions versus dry conditions.  

Data Analysis 

Data were analyzed using the GENMOD procedure in the Statistical Analysis System 

(SAS 1985). The analysis was essentially a time-series logistic regression (White 1990), where 

the dependent variable was a binomial response of an alligator being emerged or submerged and 

the independent or predictor variables included season, time of night, moon phase, water depths, 

water and air temperature, rain, and wind speed. All analysis was done on an hourly scale. Since 

two weather readings were recorded every hour, the averages of each variable were calculated 

http://aa.usno.navy.mil/�
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using SAS and these averaged values were used in the analysis. Due to the vastness of the data 

set (28 animals * 24 measurements/day * ~120 days), I used the proportion of total alligators 

emerged at any given hour to investigate patterns of activity.  

For each alligator, I deleted data collected during the first day post-attachment to account 

for any erroneous behavior in response to capture and transmitter attachment. Since many 

transmitters detached before they were collected, a conservative estimate of transmitter 

detachment time was determined for each animal as the end point for data used in this analysis. 

This estimate was based on the last collected data points with correct digital IDs and an emerged 

status.  

A significant difference in emergence likelihood among years was apparent in a 

preliminary analysis of the data. However, each field season was meant to represent different 

seasons of the year. There were differences in emergence rates between seasons independent of 

year. Although some overlap existed for summer months the data was pooled and analyzed using 

only seasons, not years, as covariates. 

Modeling 

For modeling purposes, I modeled the proportion of total telemetered alligators emerged 

as a function of season, time of night, water depths, water and air temperature, rain, and wind 

speed. An Akaike Information Criterion (AIC) for model selection was calculated for each of 

several models analyzed and was used to determine which variables or combination of variables 

create the best approximating model for emergence behavior data (Burnham and Anderson 2002; 

Pollock et al. 2002). AIC penalizes for the addition of parameters, and thus selects a model that 

fits well but has a minimum number of parameters. Specifically, ΔAICC values and Akaike 

weights are used in this paper to describe competing models. A negative relationship exists 

between ΔAICC value and fit of a competing model to the data (Burnham and Anderson 2002). 
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In other words, a model with a relatively small ΔAICC value is deemed superior when compared 

to a model with a larger associated ΔAICC. The Akaike weight of a particular model describes, 

given the data and the model sets tested, the probability that a particular model would be the best 

one to describe the observed data. Model averaging was also done to incorporate the strengths of 

each competing model into a final model that would best describe the data collected. Model 

averaging allows computation of a weighted average of a parameter from the competing models 

in the model set. By doing so, model selection uncertainty is included in the estimate of precision 

of the parameter (Burnham and Anderson 2002). Testing whether or not individual 

environmental variables are “significant” is inherent in the model selection process (Burnham 

and Anderson 2002). Those environmental variables included in the top models are deemed to be 

significant in describing the data observed.  

I was also able to examine the effect of each individual environmental variable on 

alligator emergence probabilities. Regression coefficients, or ß-values, are used to describe the 

slope of the regression (Aiken and West 1991). For every unit change in the value of a measured 

predictor variable, the probability of alligator emergence will change as a product of its 

associated ß-value (Aiken and West 1991). As such, ß-values were used in this study to describe 

the influence of each individual predictor variable on emergence rates, as based on the final 

averaged model. For example, variables with positive associated ß-values will have a positive 

influence on emergence rates, while variables with negative values will have a negative influence 

on emergence rates. Levels of categorical variables such as season, time of night, or moon phase, 

can be directly compared by comparing their associated ß-values. If for example the ß-value for 

categorical variables “x” and “y” are both positive, but the ß-value for variable “x” is greater 

than that of variable “y”, we can say that variable “x” has a greater positive influence on 
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emergence rates, or that alligators have a greater chance of being emerged under the influence of 

variable “x” compared to variable “y”. 

Lastly, I randomly extracted 200 lines of data (roughly 10% of the total) and left them out 

of the analysis. This data was saved for the purposes of testing model accuracy.   

Results 

Twenty-nine final models were analyzed (Table 3-1). “Model 5” was essentially the main 

model that incorporated all of the individual parameters tested in this study. “Model 1” was 

determined as the superior model in the model set based on its small ΔAICC value (0) and 

Akaike weight (0.4133). However, several other models showed relatively close ΔAICC values 

and Akaike weights, and the final averaged model (Table 3-2) accounted for the strengths and 

weights of all the significant models. The effect of water temperature and rain may be minor, as 

the best model in the set excluded these variables. The next best three models excluded either 

water temperature or rain. Common variables found across all significant models based on 

Akaike weights (> 0.01) included season, water depth, and wind speed (Table 3-1).  

Based on the regression coefficients (ß-values) of the final averaged model, it becomes 

apparent that alligators in this study showed a higher probability of emergence in the spring 

compared to autumn (ß spring = 0.419 > ß autumn = -0.744) (Table 3-2). Also based on the 

regression coefficients of the final averaged model, alligators are less likely to be emerged in low 

moonlight compared to half moon or full moon cycles (ß quarter moon = -0.190 < ß half moon = 0.060, 

ß full moon = 0) (Table 3-2). Interestingly, alligators are slightly more likely to be emerged during 

half moons compared to full moons (ß half moon = 0.060 > ß full moon = 0) (Table 3-2). During 

nighttime hours, higher water depths decrease the emergence rates of alligators (ß depth = -0.258) 

(Table 3-2).  Higher water temperatures result in a slightly lower chance of emergence (ß temp(w) 

= -0.012) (Table 3-2).  During nocturnal hours higher air temperature results in an increase in 
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alligator emergence rates (ß temp(a) = 0.016) (Table 3-2). Wind speed had a negative effect on 

submergence rates (ß wind = -0.026) as did rainfall (ß rain = -0.003) (Table 3-2). 

The data suggested that the proportion of time spent underwater is a function of the 

environmental variables tested in this study. My first hypothesis that emergence rates and water 

depths will show a negative relationship was supported. My hypothesis that emergence rates will 

show a positive relationship with levels of moonlight was only partially supported. In this study, 

emergence rates were higher during half and full moons compared to quarter moons, but were 

lower during full moons than half moons. My hypothesis that time spent emerged as a function 

of water temperature will show a slight positive relationship was not supported. The results of 

this study show the opposite trend to be the case. The negative relationship between emergence 

rates and wind speed was supported, and the same trend was discovered for precipitation.  

The probability of alligator emergence as determined by a given set of environmental 

variables is based on the β-estimate of each variable under the model-averaged model. I was able 

to generate an equation based on the β-values for each parameter multiplied by values for each 

corresponding parameter as measured in the field during a particular survey. The equation is as 

follows: 

P 
emergence

 = e βintercept + (βHr1 xHr1) + (βHr2 xHr2) + …+ (βwind xwind)  

 
In this equation, “P emergence” represents the proportion of alligators emerged. “βintercept” 

equals the β-value for the model averaged intercept (Table 3-2). β-values for every 

environmental variable, drawn from Table 3-2, are multiplied by values for each equivalent 

variable as recorded in the field during a survey (“X”). For example, if during a survey air 

temperature is measured at 28.5°C, that would be entered into the equation as β temp(air) * X temp(air)  

or  0.016 * 28.5 in the equation. For all categorical variables, such as time of night, season, or 
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moon, enter a “1” for whichever category applies to the survey in question. For example, during 

spring surveys, one would enter β spring* X spring  or 0.419 *1 and leave the autumn and summer 

parameters out of the equation. The end result of the equation is a prediction of the proportion of 

alligators emerged during a given survey. 

Equation Accuracy 

The accuracy of this equation was tested using the lines of data previously set aside. A 

total of 200 randomly picked observations (53 spring, 80 summer, 67 autumn) were used here. 

Environmental variables were plugged into the equation, and comparisons were drawn between 

the equation-predicted proportion of alligators emerged versus the actual observed proportion of 

alligators emerged for each line of data. 

The equation tended to over-predict in the spring (Fig. 3-1), and predicted values were 

higher than observed 77.36% of the time (Table 3-3). The average difference between predicted 

and observed values in the spring was 32.79% (Table 3-3) A paired two-sample t-test for means 

revealed a significant difference between predicted proportions emerged and observed proportion 

emerged in the spring (df = 52, t-stat = -6.42, Table 3-4). 49.05% of the predicted proportions 

fell within one standard deviation of the observed proportions, while 49.05% of the predicted 

proportions were greater than one standard deviation over-predicted (Table 3-3).     

The equation was much better at predicting proportions of alligators emerged in the 

summer and autumn (Fig. 3-1). In the summer, the average difference between predicted and 

observed values was 14.23% (Table 3-3) A paired two-sample t-test for means revealed no 

significant difference between predicted proportions emerged and observed proportion emerged 

in the summer (df = 79, t-stat = -0.16, Table 3-5). 61.25% of the predicted proportions fell within 

one standard deviation of the observed proportions (Table 3-3). 18.75% of the predicted 

proportions were greater than one standard deviation over-predicted, while 20% of the predicted 
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proportions were greater than one standard deviation of the observed proportions under-predicted 

(Table 3-3).     

In autumn, a paired two-sample t-test for means revealed no significant difference 

between predicted proportions emerged and observed proportion emerged (df = 66, t-stat = -0.59, 

Table 3-6). 52.23% of the predicted proportions fell within one standard deviation of the 

observed proportions, 26.88% of the predicted proportions were greater than one standard 

deviation over-predicted, and 20.89% of the predicted proportions were greater than one standard 

deviation under-predicted (Table 3-3).     

Discussion 

Equation Accuracy 

The predictive equation was not as accurate in the spring and consistently over-predicted 

proportions of alligators emerged (Table 3-3). Additionally, the equation did not seem to account 

for the observed variation in emergence rates as well in the spring as it did in the summer and 

fall (Fig. 3-1). Alligators were submerged more often than would be expected based on 

environmental variables alone. To explain these findings, I suggest that some other variable or 

variables that were not measured in this study were effectively overriding the expected influence 

of the surrounding environment. The fact that the breeding season of alligators occurs in spring 

may account for this unexpected behavior, since most social interactions of alligators occur 

underwater (Vliet 1987). Social interactions of alligators are also known to take precedence over 

behaviors that may represent an optimal response to environmental conditions (Asa et. al. 1998).  

 As a result of these findings, managers may opt to conduct alligator surveys in the 

summer and fall as opposed to the spring and fall as is the current practice. Conducting surveys 

in the summer and fall will allow for better population estimates after adjusting survey results via 

the equation presented in this paper.  
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Seasonal Activities 

Based on regression coefficients (ß-values) of the final averaged model, it becomes 

apparent that alligators in this study showed a higher probability of emergence in spring 

compared to autumn (ß spring = 0.419 > ß autumn = -0.744) (Table 3-2). Alligator surveys in south 

Florida should take into account the trend that alligators seem to spend less time emerged in 

autumn compared to spring, at least in interior marsh habitats. Alligator managers may find that 

more alligators are counted during spring surveys than fall surveys as a result of natural alligator 

behavior. It is recommended that alligator managers calibrate the results of their seasonal surveys 

to account for the naturally occurring difference in emergence rates across seasons. The 

generated equation accounts strongly for this seasonal trend in emergence rates and can be used 

for such a calibration. Managers should use caution however before applying such a calibration 

to canal surveys, as canal alligator dynamics may not mirror those in interior marshes. 

Time of Night 

Based on the regression coefficients (ß-values) generated in this study, it was apparent that 

conducting surveys within the first hour of night, as is the case in current survey protocols, will 

coincide with a slightly negative alligator emergence rates (Table 3-2). Interestingly, emergence 

rates decrease to a maximum low during the second full hour of darkness (Table 3-2). In order to 

maximize alligator counts, surveys would have to begin around or after midnight and continue 

into the early morning hours when emergence rates begin to rise. As this option may be more 

difficult for researchers, it is recommended that alligator surveys in south Florida continue to 

occur immediately following sunset, but it is advisable to limit surveys to one per night if 

possible to avoid a time-related bias in the results. Alternatively, for surveys expected to run for 

approximately one hour then it is recommended they take place in the early hours of night, as per 

current protocol. For surveys that might run in excess of two or three hours it is recommended 
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that they begin later in the night, perhaps beginning at the third hour of darkness, in an attempt to 

decrease a time-related bias in results.  

Caution must be exercised before applying these results outside of adult size classes. 

Alligator body temperatures are probably higher in the early hours of night, or those hours 

immediately following daylight hours when alligator body temperatures are highest. Alligators 

likely lose heat consistently throughout the night, as this trend has been described in other 

crocodilians (Wright 1987; Seebacher et al. 2005). Larger crocodilians lose heat at a slower rate 

compared to smaller crocodilians and have comparatively more stable body temperatures than 

smaller individuals (Wright 1987). Often, as surveys or other alligator research activities 

progress into the night, larger individuals appear to dominate the alligator sightings (Dr. K.G. 

Rice, pers. comm.). My results support this observation, as the adult alligators used for this study 

showed increased emergence later on in the night. This may not be the case for smaller 

individuals, who may be more likely emerged in the early hours of night before their body 

temperatures start to drop. The possibility exists that conducting surveys at different times of 

night may introduce biases in both absolute numbers and in size classes observed. 

Moon Phases  

A wide range of results are reported for crocodilian reactions to moonlight. Woodward and 

Marion (1979) found a positive correlation between alligator counts and levels of moonlight 

during warm weather. Larriera and Del Barco (1992) found no correlation between moon phase 

and night counts in Caiman latirostris. Sarkis-Goncalves et al. (2004) report that moonlight 

negatively influenced night counts in their study involving Caiman latirostris. Alligator 

emergence rates in this study began to increase with increasing lunar light, but decreased during 

full moons. These results somewhat agreed with results reported by Woodward and Marion 
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(1979). Moonlight may stimulate alligators to increase their activity (Woodward and Marion 

1979), but very high levels of light may influence a decrease in activity. 

Alligator managers in south Florida should take this positive relationship into 

consideration when conducting surveys. Surveys conducted during moonlit nights may maximize 

alligator detectability in south Florida. However, managers should exercise caution before 

applying these results, as data taken from this study occurred in the absence of researcher 

presence. Increased moon light may create a situation in which the observers themselves are 

more readily detected by the crocodilians, which in turn react by diving or hiding (Sarkis-

Goncalves et al. 2004).  Even though relatively more animals may be surfaced at any given point 

in time under increasing lunar light, observer presence itself may compromise this response. 

Eyeshine may also be more readily detected in darker conditions, resulting in greater counts in 

spite of decreased emergence probabilities (Sarkis-Goncalves et al. 2004).  It is strongly 

recommended that the relationship between detectability and darkness should be tested further. 

However, it may be possible that Caiman latirostris and Alligator mississippiensis simply exhibit 

different behavioral responses under the influence of lunar light.   

Water Depths 

 During nighttime hours, higher water depths decreased the emergence rates of alligators. 

Since the highest water depths generally coincide with the hottest parts of the year, this may be 

related to the thermal regime of south Florida alligators as previously discussed. Alligator 

managers may increase night counts in south Florida during times of relatively low water. This 

generally occurs in the spring, where alligators are more likely to be emerged as previously 

discussed. Based on the results of this study, conducting fall surveys during years of unusually 

low water might result in higher alligator counts. 
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It becomes difficult to tease out the effects of varying water depths independent of season. 

Even by correcting for water depth, other seasonally dependent variables such as photoperiod 

and prey availability are not accounted for. In order to truly understand the relationships between 

these two variables, this study would need to be repeated in years where water depths are 

exceedingly high or exceedingly low in spite of season, and results then need to be compared.  

As a general trend in current alligator surveys, more individuals are recorded in canal 

habitats rather than marsh habitats. Canal habitats have a relatively higher occupancy in south 

Florida, especially by larger adult alligators (Mazzotti and Brandt 1994; Rice et al. 2005). This 

difference in density may be less than it seems, as our data suggest that alligators may spend 

more time submerged as water depth increases. In addition, detectability may increase in the 

relatively open habitat that is characteristic of canals. This point illustrates importance of 

determining the relationship between different aspects of detectability (behavioral vs. observer 

biases). Alligators may also select for different habitats (open vs. vegetated) as water depths rise. 

If this were the case, alligator detectability to observers is determined by more than emergence 

behavior. For this reason it is strongly recommended that the results from this study be 

interpreted in conjunction with information regarding habitat selection before being fully applied 

to alligator surveys. 

Water and Air Temperatures 

During nocturnal hours, alligators in this study were less likely to be emerged with higher 

water temperatures. Conversely, Woodward and Marion (1979) reported that in their north-

central Florida study, alligator night counts were positively correlated with water temperatures 

during cooler weather. During relatively warmer weather, counts were unaffected by water 

temperature. Based on these results, alligators seem to show a greater response to high water 

temperatures in relatively cooler ambient air temperatures in terms of activity. Woodward and 
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Marion (1979) and Murphy (1977) report that when looking at a plot of night counts versus 

water temperature, a scattering of responses occurred as water temperature exceed 28ºC. In this 

study, a similar scattering of points occurred throughout the study at all water temperatures (Fig 

3-2). The apparent scattering of plots is reflective of the fact that water temperatures had only a 

slight negative effect on submergence. 

Alligators in this study were more likely to be emerged with higher air temperatures.  

However, Woodward and Marion (1979) reported that air temperature had no bearing on 

alligator night counts, since water generally acted as a buffer between the air and the alligator. 

Woodward and Marion (1979) did however suggest a positive correlation between number of 

alligators detected and maximum daily temperature. Hutton et al. (1989) reported similar results 

for Crocodylus niloticus, and Pacheco (1996) reported similar results for Melonosuchus niger. 

Sarkis-Goncalves et al. (2004) also reported that ambient temperature did not influence night 

counts in their study involving Caiman latirostris. I would hypothesize that in the south Florida 

summer, when nocturnal air temperatures are at their highest, alligators are thermally stressed 

during the day and will emerge at higher rates at night to release excess heat in the relatively 

cooler air (Mazzotti 1989). In regards to alligator surveys, alligator managers in south Florida 

might opt to conduct surveys during particularly warm nights, and would probably do best to 

survey on nights where both air temperatures and water temperatures are particularly high based 

on the results of this study.   

 It should be noted that although alligators are endothermic, thermoregulation is not always 

the driving force that determines alligator behavior (Mazzotti 1989; Asa et al. 1998). Since all 

crocodilians have the ability to decrease peripheral blood circulation and heat flow through 

bradycardia and vasoconstriction to conserve heat, alligator thermoselection may take a backseat 
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to other natural behavior including underwater foraging/feeding and social interactions (Mazzotti 

1989; Asa et al. 1998). Larger, more dominant individuals may even force smaller individuals to 

engage in suboptimal behavior (Asa et al. 1998) in much the same way they force less dominant 

individuals to inhabit a less desirable physical habitat (Mazzotti and Brandt 1994). Such social 

dynamics have been reported in captive alligators, in which a dominant female alligator forced 

smaller females out of the relatively warmer water (>20˚ C) onto land where air temperatures 

were much cooler (3-7.9˚C) and certainly sub-optimal (Asa et al. 1998).  

Rain 

Woodward and Marion (1979) reported no relationship between night counts and 

precipitation, although sufficient data were lacking. Sarkis-Goncalves et al. (2004) report that 

rain did not influence nights counts in their study involving Caiman latirostris. All else being 

equal, the presence of rainfall in this study resulted in a steep decline in the proportion of 

alligators and a close negative relationship is apparent between rain and emergence rates in this 

study (Fig. 3-3). Alligator managers might consider not conducting surveys during rain at any 

intensity. Even during just 1 cm/hr of rain the maximum proportion of alligators emerged based 

on the results of this study was 60% (Fig. 3-3). After a rain intensity of 3cm/hr or more, a very 

small proportion of alligators are likely to be emerged and available for counting. 

Rain might have been of little importance in describing emergence behavior of alligators in 

this study. Apart from rain, the influence of cloud cover needs to be addressed and how may 

interact with lunar phases.  Rainfall means cloud cover, but cloud cover may occur without rain 

and this was not accounted for in the study. Pacheco et al. (1996) report that cloud cover had a 

consistent negative effect on Melanosuchus niger night counts. Alternatively, Woodward and 

Marion (1979) report that cloud cover had a significant positive relationship on night counts in 
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cool weather. Whether or not this relationship would hold in the relatively warm south Florida 

climate is unknown.  

Wind  

That wind affects alligator emergence probabilities is not unusual. Crocodilians seek 

protection from wind mainly by submerging, or by using lee shores (Mazzotti 1989; Pacheco 

1996). In agreement with the results from this study, wind speed had a strong negative 

correlation on Melanosuchus niger night counts (Pacheco 1996).  Alternatively, Sarkis-

Goncalves et al. (2004) report that wind did not influence nights counts in their study involving 

Caiman latirostris.  

When wind speeds approach 10 km/hr, the proportion of alligators emerged begins to 

steadily decline (Figure 3-4). Alligator surveys in south Florida are recommended to be 

postponed in the presence of excessive wind speeds due to researcher safety and a decreased 

likelihood of alligator emergence.   

Implications and Future Work 

I advocate that this study warrants repetition and urge other alligator biologists to 

consider implementing a similar project. A repeated study of similar design is suggested for 

locations in north Florida and/or another northern part of the alligators range for comparison. 

This would also enable researchers to document whether any behavioral shifts occur across 

alligator populations as a function of latitude. A repeated study would also offer a comparison 

between alligators of varying body condition. A repeated study in various compartments in the 

Everglades is strongly suggested to address the influence of water depths on behavior 

independent of season. 

Wariness is known to occur in crocodilians exposed to hunting, repeated capture, or 

repeated human presence (Spratt 1997; Pacheco 1996). In future studies researcher presence 
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could be independently tested as a predictor variable for emergence to determine levels of 

wariness in different alligator populations. Moreover, an investigation of sex-specific response to 

researcher presence may yield interesting results. 

Also, it should be noted again that this study dealt only with adult alligators. Alligator 

surveys do not discriminate between size classes as I did when selecting alligators for transmitter 

attachment. It is very important to stress that the responses of adult alligators to various 

environmental factors may not mirror the responses of juvenile or hatchling alligators, so care 

must be taken when applying the results of this study to adjusting surveys results. It is 

recommended that alligator surveys adjust their results only among the adult animals counted.  

Other studies are currently underway that are looking into detectability of alligators in 

varying degrees of vegetation cover and habitat types characterized by different levels of 

visibility (Cameron Carter, pers. comm.). It is strongly recommended that the results from this 

study are used in conjunction with habitat visibility estimates. The Global Positioning System 

(GPS) represents a technology that will prove extremely useful for wildlife studies involving 

animal behavior and is rapidly evolving in regards to form and function (Fedak et al. 2002). GPS 

transmitters are currently being developed and tested that will eventually allow researchers to 

uncover the fine scale habitat preference of adults and sub-adult and juvenile alligators, as these 

different age-classes tend to partition available habitat perhaps at a fine scale (Mazzotti and 

Brandt 1994). In the future, models of detection that incorporate emergence, habitat visibility, 

and habitat preference of alligators will allow managers to incorporate actual population levels 

and not indices into their monitoring programs.  
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Table 3-1. The ∆ AICC and Akaike weights of models used to describe the emergence dynamics 
of Arthur R. Marshall Loxahatchee National Wildlife Refuge alligators. 

Model Model Variables ∆ AICC 
Akaike 
Weight 

1  Hour, season, moon, depth, wind 0 0.4113 
2  Hour, season, moon, depth, temp(a), wind 0.951 0.2556 
3  Hour, season, moon, depth, temp(w), temp(a), wind 1.261 0.2189 
4  Hour, season, moon, depth, temp(a), wind, rain 3.83 0.0606 
5  Hour, season, moon, depth, temp(w), temp(a), wind, rain 4.162 0.0513 
6  Hour, season, depth, temp(w), temp(a), wind 11.898 0.001 
7  Hour, season, depth, temp(a), wind 13.608 0.0004 
8  Hour, season, depth, temp(w), temp(a), wind, rain 14.406 0.0003 
9  Hour, season, depth, temp(a), wind, rain 16.159 0.0001 

10  Hour, season, depth, wind 16.592 0.0001 
11  Hour, season, depth, temp(w), temp(a), rain 33.173 0 
12  Hour, moon, depth, temp(a), wind 74.469 0 
13  Hour, moon, depth, temp(w), temp(a), wind 75.372 0 
14  Hour, moon, depth, temp(a), wind, rain 77.152 0 
15  Hour, moon, depth, temp(w), temp(a), wind, rain 78.092 0 
16  Hour, moon, depth, wind 81.568 0 
17  Hour, season, moon, wind 152.503 0 
18  Hour, season, temp(w), temp(a), wind 152.75 0 
19  Hour, season, moon, temp(w), temp(a), wind 153.377 0 
20 Season, moon, depth, wind  155.59 0 
21  Hour, season, moon, temp(w), temp(a), wind, rain 156.267 0 
22  Hour, season, moon, temp(w), temp(a), wind, rain 172.652 0 
23  Hour, depth 182.238 0 
24  Hour, season 280.878 0 
25  Hour, temp(w) 462.729 0 
26  Hour, temp(a) 568.765 0 
27  Hour, wind 578.891 0 
28  Hour, moon 599.274 0 
29  Hour 703.031 0 

* ∆ AIC values of < 2 generally suggest substantial evidence for the model. Values 
between 3 and 7 indicate that the model has considerably less support, and values > 10 
indicates that the model is highly unlikely.  Akaike weights indicate the probability that 
the model is the best among the whole set of candidate models. 
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Table 3-2. Regression coefficients (β-values) and associated confidence intervals of the averaged 
model used to describe the emergence dynamics of Arthur R. Marshall Loxahatchee 
National Wildlife Refuge alligators.  

Parameter β-VALUE Lower 95% CI Upper 95% CI 
Intercept 3.28  -6.605 13.965 
Hr1 -0.007 -0.276 0.261 
Hr2 -0.187 -0.353 -0.020 
Hr3 -0.067 -0.229 0.094 
Hr4 0.000  -0.000 0.000 
Hr5 0.105 -0.059 0.271 
Hr6 0.010 -0.161 0.181 
Hr7 0.095 -0.076 0.268 
Hr8 -0.037 -0.215 0.140 
Hr9 0.025 -0.293 0.344 
Autumn -0.744 -0.917 -0.571 
Spring 0.419 -0.068 0.907 
Summer 0.000 0.000 0.000 
Moon (quarter) -0.190 -0.348 0.032 
Moon (half) 0.060 -0.066 0.188 
Moon (full)  0.000 0.000 0.000 
Water depth -0.258 -0.882 0.365 
Temp (water) -0.012 -0.052 0.028 
Temp (air) 0.016 -0.021 0.053 
Rain -0.003 -0.026 0.020 
Wind -0.026 -0.039 -0.013 
*’Intercept’ describes the slope of the regression.  ‘Hr1-Hr9’ describes the time of night after sunset. 
Parameters with β-values of 0 serve as baseline measurements from which comparative values are drawn. 
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Table 3-3. Summary of the differences between equation-predicted proportion (P) and actual 
observed proportion (O) of alligators emerged at Arthur R. Marshall Loxahatchee 
National Wildlife Refuge in 2005-2006. 

 overall spring summer autumn 
Mean difference 
between P and O  0.1987 0.3279 0.1423 0.1638 
Standard Deviation of 
Observed (SDO) 0.2293 0.2529 0.1765 0.1753 
Maximum overprediction P= 0.8221>O P= 0.8221>O P= 0.3688>O P= 0.4655>O 
Maximum 
underprediction P= 0.3563<O P= 0.2814<O P= 0.3444<O P= 0.3563<O 
Minimum difference 
between P and O 0.0007 0.0007 0.0007 0.0037 
% of observations 
overpredicted 59.50% 77.36% 50.00% 56.72% 
% of observations 
underpredicted 40.50% 22.64% 50.00% 43.28% 
% predicted within 1 
SDO 71.00% 49.05% 61.25% 52.23% 
% greater than 1 SDO 
(overpredicted) 20.00% 49.05% 18.75% 26.88% 
% greater than 1 SDO 
(underpredicted) 9.00% 1.90% 20.00% 20.89% 
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Table 3-4. Results of a paired two-sample t-test for spring predicted vs. observed proportion of 
alligators emerged at Arthur R. Marshall Loxahatchee National Wildlife Refuge in 
2005-2006. 

  Observed Predicted 
Mean 0.480304392 0.748249448
Variance 0.063973351 0.014640959
Observations 53 53
Pearson Correlation -0.222545329  
Hypothesized Mean Difference 0  
df 52  
t Stat -6.422931976  
P(T<=t) one-tail 2.056E-08  
t Critical one-tail 1.674689154  
P(T<=t) two-tail 4.112E-08  
t Critical two-tail 2.006646761   
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Table 3-5. Results of a paired two-sample t-test for summer predicted vs. observed proportion of 
alligators emerged at Arthur R. Marshall Loxahatchee National Wildlife Refuge in 
2005-2006. 

  Observed Predicted 
Mean 0.348902486 0.352117461
Variance 0.031179662 0.0064734
Observations 80 80
Pearson Correlation 0.251546696  
Hypothesized Mean Difference 0  
df 79  
t Stat -0.164638953  
P(T<=t) one-tail 0.434824353  
t Critical one-tail 1.66437141  
P(T<=t) two-tail 0.869648706  
t Critical two-tail 1.990450177   
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Table 3-6. Results of a paired two-sample t-test for autumn predicted vs. observed proportion of 
alligators emerged at Arthur R. Marshall Loxahatchee National Wildlife Refuge in 
2005-2006. 

  Observed Predicted 
Mean 0.184263208 0.198132228
Variance 0.030733643 0.003998431
Observations 67 67
Pearson Correlation -0.092450092  
Hypothesized Mean Difference 0  
df 66  
t Stat -0.591925269  
P(T<=t) one-tail 0.277961473  
t Critical one-tail 1.668270515  
P(T<=t) two-tail 0.555922946  
t Critical two-tail 1.996564396   
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Figure 3-1. Relationships between observed and predicted proportions of alligators emerged at 
Arthur R. Marshall Loxahatchee National Wildlife Refuge, 2005-2006. Jagged lines 
indicate actual values. Smoothed lines indicate polynomial trend lines. Observation 
numbers 1-53 represent springtime observations. Numbers 54-134 represent 
summertime observations, and numbers 135-200 represent autumn observations. 
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Figure 3-2. Relationships between water temperature (˚C) and proportion of alligators emerged 
at Arthur R. Marshall Loxahatchee National Wildlife Refuge, 2005-2006. The 
scattering of responses and lack of apparent relationship between emergence and 
water temperature agree with findings reported by Woodward and Marion (1979) and 
Murphy (1977). 
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Figure 3-3. Relationships between rainfall (cm/hr) and proportion of alligators emerged at Arthur 
R. Marshall Loxahatchee National Wildlife Refuge, 2005-2006. 
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Figure 3-4. Relationships between wind speed (km/hr) and proportion of alligators emerged at 
Arthur R. Marshall Loxahatchee National Wildlife Refuge, 2005-2006. 
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CHAPTER 4 
CONCLUSIONS 

South Florida is characterized by consistent high temperatures and can be a climatically 

challenging environment for American alligators (Jacobsen and Kushlan 1989; Dalrymple 1996; 

Barr 1997; Howarter 1999). In addition to natural stressors, much of the original Everglades 

ecosystem has been spatially reduced, drained, and irreversibly lost as a result of extensive 

landscape alterations for agriculture, development, and flood control (Jacobsen and Kushlan 

1984; Simmons and Ogden 1998). Once natural hydrological fluctuations are now 

anthropogenically influenced or controlled. Alligators are especially sensitive to fluctuating 

water levels both spatially and temporally (Mazzotti 1989; Kushlan and Jacobsen 1990; Mazzotti 

and Brandt 1994). In the Everglades ecosystem, a balanced alligator population is dependent on 

appropriate seasonal water availability, especially in an environment such as the Everglades. 

Alligators are a top conservation concern in the Everglades ecosystem as they can serve as 

indicators of ecological balance and measure of restoration success (Rice et al. 2005). The 

alligator’s natural sensitivity to fluctuating water levels, as well as their sensitivity to overall 

system production as top predators makes them ideal candidates for adaptive management 

(Mazzotti and Brandt 1994; Rice et al. 2005). Since the success of many other species is 

dependent on a balanced alligator population, alligators throughout south Florida are monitored 

closely as Everglades restoration advances. 

I first set out to investigate patterns of thermoregulation by correlating alligator emergence 

behavior and circadian rhythms to season, solar radiation, and water depths in the south Florida 

environment. I hypothesized that since the south Florida climate undergoes an annual transition 

between a low cost and high cost environment, then alligators will exhibit behavior patterns that 

reflect active heat-seeking thermoregulation in the spring, and to conversely exhibit behavior that 
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reflects no active thermoregulation or heat-avoidance in the summer and fall. I also examined the 

effects of size, sex, and body condition on alligator emergence rates. 

All models indicated a higher probability of emergence in the spring compared to that of 

the fall. Springtime solar radiation had a positive affect on emergence probabilities. This trend 

suggested that alligators exhibit behavior patterns that reflect a low cost environment in the 

spring in south Florida as they seem to show active heat-seeking thermoregulation at this time. 

Alligators in south Florida may have no problems in achieving optimal temperatures in the 

spring through increased behavioral thermoregulation, as they seem to seek solar radiation and 

are highly active through the night. The results of this study supported my hypothesis that 

alligator thermoregulatory behavior reflects an environmental transition. However, other natural 

behaviors besides thermoregulation could also help explain these results. The difference in 

emergence rates may also be influenced by social behavior, foraging behavior, or photoperiod.  

Larger alligators showed a higher degree of heat avoidance in the summer and spent less 

time emerged than smaller individuals in this study. Although the sample size was relatively 

small and all alligators were adults, the smaller individuals in the study were more likely 

emerged at any given point in time compared to the larger individuals in the study during the 

months of June and July, reflecting the fact that smaller individuals are better able to disperse 

excess heat (Wright 1987). Body condition also had an effect on emergence rates as higher body 

condition scores, presumably healthier individuals, showed increased rates of emergence. This 

result suggests a higher heat tolerance of relatively robust alligators. 

It has been suggested that alligators in south Florida require a sufficient level of standing 

water to escape the intense heat during the summer and fall (Howarter 1999; Percival et al. 2000; 

Abercrombie 2002). If water depths are too low during these hot months, one could argue that 
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there may be an added benefit of greater food concentration. This may not be the case, as aquatic 

prey species densities are generally low following prolonged dry downs (Loftus and Eklund 

1994; DeAngelis et al. 1997). The Everglades ecosystem is primarily a rain-fed wetland and 

hydroperiod is naturally determined by patterns of precipitation. Springtime in the Everglades is 

generally characterized by drought, and if the drought extends through summer and fall then fish 

densities are known to decline and may require years to recover (Loftus and Eklund 1994; 

DeAngelis et al. 1997). In other words, aquatic prey species may not be able to adjust to 

prolonged unnatural seasonal conditions. Even if prey was sufficiently available during a 

summer drought, alligators may still be confined to inactivity and heat avoidance in south 

Florida and would therefore be unable to take advantage.  

Relatively lower water depths in the spring are recommended as alligators can take 

advantage of the increased benefits of concentrated aquatic food resources during natural dry 

downs and build energy reserves for the summer. Ambient temperatures are also less intense at 

this time and would probably allow less thermal constraints. Lower water depths also provide 

adequate nesting sites for females (Mazzotti 1989; Kushlan and Jacobsen 1990; Mazzotti and 

Brandt 1994).  

Understanding alligator responses to differences in seasonal conditions allows managers to 

better understand potential responses to alternate restoration actions in the Everglades. 

Anthropogenically controlled water regimes in the Everglades must take into account the 

ecology of the ecosystem’s top predator. Not only are variations in water depth known to affect 

courtship, nesting, growth and survival (Garrick and Lang 1975; Vliet 1987; Kushlan and 

Jacobsen 1990; Mazzotti and Brandt 1994), but they may also have negative impacts on other 

behavioral adaptations of American alligators reflected by shifts in thermoregulatory behavior. 
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Understanding the thermal ecology of the American alligator in south Florida will allow 

managers to make more informed decisions regarding habitat restoration. This information can 

also be practically applied to improve efficacy of south Florida alligator surveys.   

The second objective of this research was to improve alligator survey methods within the 

south Florida alligator survey network. Specifically, I investigated alligator emergence behavior 

and how it relates to a variety of environmental variables known to have an effect on crocodilian 

behavior. These include season, air and water temperature, moon phase, rain, and wind 

(Woodward 1979; Mazzotti 1989; Pacheco 1996; Woodward et al. 1996; Sarkis-Goncalves et al. 

2004). The ultimate goal was to develop estimates of alligator detectability that alligator 

managers can use to correct their survey results in an appropriate manner to account for missed 

individuals (Steinhorst and Samuel 1989).  

In this study, alligators spent roughly two thirds of their time submerged. Compared to 

spring and fall, alligators were less likely emerged at any given time during summer. Compared 

to summer months, alligators in the autumn are only slightly more often emerged during 

nighttime hours. Alligators are less likely emerged in low moonlight compared to half moon or 

full moon cycles. In addition, alligators are slightly more likely emerged during half moons 

compared to full moons. During nighttime hours, higher water depths decreased the emergence 

rates of alligators. Higher water temperatures result in decreased emergence rates, while higher 

air temperature results in increased emergence rates. I found that the best time for conducting 

surveys is in low wind, in half or full moon phases, and on clear, cloud-free nights with relatively 

high air and water temperatures and relatively lower water depths. Regardless of conditions, an 

equation was generated that allows managers to adjust their survey results to account for 

variations in detectability due to natural behavior. Although the equation successfully predicted 
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alligator emergence rates in the summer and fall, it lost much of its predictive ability in the 

spring. I suggest that some other variable or variables that were not measured in this study were 

effectively overriding the expected influence of the surrounding environment. The fact that the 

breeding season of alligators occurs in spring may account for this unexpected behavior, since 

most social interactions of alligators occur underwater (Vliet 1987). Social interactions of 

alligators are known to take precedence over behaviors that may represent an optimal response to 

environmental conditions (Asa et. al. 1998).  

This research can be used by alligator managers to reduce the amount of time needed to 

detect significant changes in alligator populations as they respond to different restoration actions, 

thus allowing managers to quickly recognize and respond to a resulting positive or negative 

population trend. I argue that this study warrants repetition and urge other alligator biologists to 

consider implementing a similar project in other habitats and locations. A repeated study of 

similar design is suggested for locations in north Florida and/or other more northern regions of 

the alligators range for comparison. This would also enable managers to document whether any 

behavioral shifts occur across alligator populations as a function of latitude. A repeated study 

would also offer a comparison between alligators of varying body condition and relative health. 

A repeated study in various compartments in the Everglades is suggested to address the influence 

of water depths independent of season. Researcher-induced wariness should also be examined, as 

is a study on age/size related fine scale habitat preference. I strongly recommend that the results 

from this study are used in conjunction with habitat visibility estimates. Combining emergence 

data with habitat detectability variables and habitat preference of alligators will allow mangers to 

more quickly detect population changes in response to Everglades restoration. Eventually, as this 
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type of research advances, alligator managers will be able to incorporate actual population levels 

and not indices into their monitoring programs. 
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APPENDIX A 
METHODOLOGY 

During night-light surveys, the probability of alligator detection by researchers is a 

function of observer efficacy, habitat, alligator wariness due to airboat/human presence, and 

natural variation in behavior (Graham and Bell 1969; Murphy 1977; Brandt 1989; Woodward 

and Linda 1993). This study focused on the latter and was carried out to develop estimates of 

emergence probabilities of alligators during surveys as they relate to various weather-related 

environmental factors (the probability that an animal is above the water surface and thus 

available for detection). Radio telemetry was chosen as a means to investigate alligator 

emergence behavior. This paper presents the method of transmitter attachment used for this 

study. 

Telemetry has been a common approach to studying crocodilian behavior (Joanen and 

McNease 1970; Joanen and McNease 1972; McNease and Joanen 1974; Taylor et al. 1976; Kroll 

1977; Murphy 1977; Goodwin 1978; Deitz 1979; Goodwin and Marion 1979; Muller 1979; 

Rodda 1984; Magnusson and Lima 1991; Barnett et al. 1997; Addison et al. 1998; Fergusson 

1998; Cadi et al. 2002; Morea et al. 2000; Munoz and Thorbjarnarson 2000). Telemetry 

equipment for this study included custom VHF transmitters (6.0 cm in length, 3.5 cm in width, 

2.5 cm in height, 65 grams in weight) equipped with water conductivity sensors. These sensors 

effectively switched the signal output from thirty pulses per minute while emerged to sixty 

pulses per minute while submerged. Battery life for all transmitters was approximately four 

months. A fixed antenna and solar powered radio receiver were installed at the study site (UTM 

17R 0573247, 2926401) and were used to detect and record the status of all deployed 

transmitters. The receiver was programmed to cycle continuously through all deployed 

transmitters so that each frequency was searched for once per hour. In addition to the 
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antenna/receiver, a weather station system was installed at the study site. For the purposes of this 

study, weather data were correlated with emergence data to determine potential relationships 

between alligator emergence and environmental variables.  

In this study, transmitters were attached using the parietal/squamosal ridges as the 

attachment point. To investigate emergence behavior, all instances when an alligator’s head is 

surfaced must be recorded. Since a surfaced alligator may only expose its eyes and nostrils, the 

logical place to attach transmitters while properly utilizing the conductivity sensors was on top of 

the parietal. An extensive search of pertinent publications revealed that standard methods of 

transmitter attachment to crocodilians as described in several previous studies were essentially 

insufficient for the purposes of this project. Most studies involved surgical implantation of 

transmitters (Asa et al. 1998; Barnett et al. 1997; Brisban and Standora 1982; Hocutt et al. 1992; 

Morea et al. 2000), attachment of transmitters to the tail (Munoz and Thorbjarnarson 2000), 

attachment of transmitters with neck collars (Addison et al. 1998; Fergusson 1998; Joanen and 

McNease 1970, 1972; Rootes and Chabreck 1993) and attachment of transmitters to nuchal 

scutes (Kay 2004; McNease and Joanen 1974; Taylor et al. 1976). Tethering a buoyant 

transmitter (Rodda 1984) was also deemed insufficient, as the aquatic habitat at the study site 

was highly vegetated and would leave the transmitter prone to be hung up underwater, resulting 

in an inaccurate representation of alligator emergence.  

Twenty eight alligators were captured using snare poles and spotlights as described by 

Chabreck (1963). All alligators were >2 m in total length in order to accommodate the 

procedure. Measurements were taken from all animals captured including total length, head 

length, snout-vent length, tail girth, sex, and weight. Prior to surgery, captured alligators were 

physically restrained using rope and/or duct tape to bind the legs and secure the animal to a 
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wooden board. Duct tape was placed over the eyes to inhibit vision and reduce stress. All 

surgical procedures were performed in the field, aboard an airboat, to minimize time and stress 

on the animals. Methods were consistent with those described and approved by University of 

Florida IACUC proposal #D943.  

Surgical items included one six-ounce jar of Lidocaine Hydrochloride (local anesthesia), 

3 ml injection needles, one battery-operated Dremel® 10.8V Lithium-ion cordless drill 

(www.dremel.com) with two fully charged drill battery packs, several spools of 16-gauge 

surgical grade steel wire, pliers, a cigarette lighter, saline solution, cotton balls, rubber gloves, 

Betadine scrub and Betadine solution (disinfectant), and several 15-ounce containers of 

Devcon® 5-minute epoxy (www.devcon.com). Drill bits, steel wire, and the transmitters 

themselves were sterilized with 95% rubbing alcohol prior to alligator capture. Drill bits and 

steel wire were also sterilized with fire from the lighter. Drill bits were re-sterilized after use on 

each animal in the study. After sterilization, all of these items were placed in individual plastic 

bags and stored in a water-tight container on the airboat.  

After initial capture alligators were loaded onto the bow of the airboat where they were 

secured. Once secured, the cranium was thoroughly cleaned using 95% rubbing alcohol followed 

by Betadine disinfectant scrub and Betadine disinfectant solution. After cleaning, 2-3 ml of 2% 

Lidocaine Hydrachloride was administered via several injections around the perimeter of the 

surgical site. After approximately five minutes, four small holes were drilled into the 

parietal/squamosal ridges using a 3.175 mm drill bit; two holes either side. Saline solution was 

applied liberally to the bit and tissue during drilling to prevent the drill bit from overheating 

which results in tissue damage. Once the holes were established, Lidocaine was again 

administered inside the new holes, and was dually used to flush out loose material left over from 

http://www.dremel.com/�
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drilling. The new holes were disinfected with Betadine solution to ensure that infection will not 

set it as a delayed response to transmitter attachment. Four separate lengths of steel wire were 

woven through the drilled holes and twisted with pliers to secure their placement (Fig. A-1). At 

this point, holes were filled with common household superglue to eliminate any free space 

between the wire and the bone. Devcon® brand 5-minute epoxy (www.Devcon.com) was then 

applied to both the parietal skin, where the transmitter will rest, and to the underside of the 

transmitter itself. The transmitter was then put in place and held tightly for five minutes while 

the epoxy hardened. Two lengths of steel wire, previously epoxied to the transmitter, were then 

twisted around the other four lengths of wire to secure the transmitter in place (Fig. A-2). After 

the first layer of epoxy set, a second layer was applied dorsally to enclose the transmitter and 

wires and reinforce the attachment. Care was taken not to enclose the conductivity sensors 

during this final step. After a full cure time of approximately twenty minutes the attachment 

procedure was complete and the alligator was released at its original point of capture. Since 

Lidocaine is a local anesthetic, the alligators may be released before the effects wear off 

completely. The entire time from capture to release was typically less than ninety minutes.  

Devcon® brand 5-minute epoxy was chosen as the best overall brand of epoxy for this 

research as determined by a series of performance tests of several name-brand glues and epoxies 

(Table A-1). In this experiment, model transmitters equipped with eyehooks were glued to the 

parietals of deceased farm-raised alligators. Adhesives were allowed to cure for a full 120 

minutes, or the maximum desirable amount of time to spend on each individual alligator in the 

field for the attachment procedure. Both the model transmitters and the parietal region were 

thoroughly cleaned using 91% rubbing alcohol prior to testing. A 20 kg spring scale was attached 

to the eyehook on one end and a standard workbench vice on the other. As the vice was cranked 



 

95 

the scale was used to measure the exact amount of pressure needed to detach the model 

transmitter from the parietal. The results of experiment indicated that liquid glues and epoxies 

tended to perform better than malleable clay epoxies in ability to bond to skin tissue. Devcon 

was selected for both its quick cure time and strength of hold. Devcon has been used to attach 

transmitters in other studies as well (Boarman et al. 1998; Stokes and Boersma 1999; Reidel et 

al. 2003).  

Transmitters remained attached for a period of three-four months and were recovered 

where they were shed. Some alligators retained their transmitters and needed to be recaptured 

(Table A-2). Transmitters are shed as the bone slowly recedes away from the wire over time, and 

the wire effectively works its way through the bone until the transmitter is detached, usually 

within four months. This natural detachment will leave four grooves in the parietal/squamosal 

ridges, but in no cases did I observe any signs of infection associated with these grooves. A 

captive specimen on which this procedure was performed was left with only slight scarring as a 

long-term effect of transmitter detachment. The effect of capture and transmitter attachment on 

behavior was thought to be minimal based on observations of one of the study animals. On one 

occasion, a large male was originally observed bellowing with head and tail elevated out of the 

water in a social display. This individual was captured and fitted with a transmitter, and was the 

first individual of three captured that particular night. After an elapsed time of approximately 

four hours, this alligator was observed again in the exact place of capture, seemingly unaffected 

by the procedure as it had resumed bellowing with head and tail elevated out of the water. Post 

removal inspections of all recaptured animals revealed no signs of infection or necrosis as a 

result of transmitter attachment. Several of the study animals were excessively thin and may 
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have been immuno-compromised; still none of the study animals showed any ill effects as a 

result of this procedure (Fig. A-3). 

The above described methodology was developed to suit specific objectives and is only 

recommended for similar studies on crocodilian emergence rates. The majority of crocodilian 

telemetric studies utilize standard VHF or GPS transmitters to answer questions regarding 

movement, home ranges, and habitat use. For these studies, a slight modification of the above 

described procedures can be used for longer-term attachment of radio transmitters using the 

enlarged dorsal nuchal scutes as the attachment point. In this adaptation, four holes are drilled 

through the nuchal scutes instead of the cranial ridges. Newer transmitter models come equipped 

with two small hollow channels that run through the base of the transmitter and are used to run 

wire through during attachment. This design works particularly well for nuchal scute attachment. 

Weaving wire directly through bone material is generally not the most efficient technique 

for long-term attachment of transmitters. Using wire alone will decrease attachment time and the 

transmitter will be more likely to detach through sheer force, for example in a territorial dispute 

or during a flight response. Therefore, it is recommended for nuchal scute attachment that 

flexible plastic tubing (with an inside diameter approximately equal to the diameter of the wire) 

be woven through the drilled holes first, followed by wire woven through the plastic tubing. This 

provides added strength and longevity of attachment. Plastic tubing could certainly be used for 

cranial ridge attachment to increase attachment longevity, although most alligators in this study 

lacked sufficiently thick enough bone to accommodate plastic tubing as well. This may not be 

the case in species with more pronounced cranial ridges, such as Crocodylus porosus or C. 

niloticus. In this study, foregoing the use of plastic tubing also made transmitter recovery much 

more efficient. In addition to using plastic tubing, a knead-able marine epoxy is used during the 
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final epoxy application to encase the transmitter, wires, and nuchal scutes. Since marine epoxies 

cure underwater, handling time is reduced as animals may be released before the epoxy reaches a 

full cure. 
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Table A-1. Results of epoxy experiment for transmitter attachment. 

Brand 
Cure 
Time 
(min.) 

Cure 
Temp. 
(°C) 

Strength 
of Hold 
(kg) 

Comments 

DevCon ~20 44.4 18 Full cure; epoxy bonded strongly to skin 
 

SuperMend 120+ 41.1 8 Epoxy very tacky; slid off skull 
 

AquaMend ~60 32.2 9.6 A fairly solid cure but still tacky 
 

Loctite Aquamarine ~120 26.6 13 Solid cure, weak bondage to skin 
 

Loctite Stick n’Seal n/a n/a n/a No cure and no test after two hours 
 

PerfectGlue 120+ n/a 14 Slighty tacky; still took skin upon removal 
 

GOOP Marine 
FixFast 

~40 37.2 11 Epoxy still malleable upon testing 
 

TriggerBond ~20 40.5 12 No cure underneath surface 
 

*Room temperature was 25.5-27.2 °C for all trials. Heads and transmitters were cleaned with 91% rubbing 
alcohol prior to attachment. Cure times are for surfaces. In some instances the epoxy was still wet 
underneath. In all trials vice cranking began after two hours time. 
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Table A-2.  Summary of transmitter application and recovery 

scute clip capture date frequency transmitter recovery date 
202 12-Jul-05 166.696 lost  
203 12-Jul-05 166.154 lost  
204 13-Jul-05 166.138 lost  
205 13-Jul-05 166.875 lost  
206 13-Jul-05 166.571 lost  
207 13-Jul-05 166.542 lost 
208 13-Jul-05 166.934 lost  
209 13-Jul-05 166.017 lost  
210 13-Jul-05 166.92 lost 
211 14-Jul-05 166.28 lost 
302 18-Apr-06 166.705 10-Aug-06* 
303 18-Apr-06 166.225 8-Aug-06* 
304 18-Apr-06 166.489 8-Aug-06 
305 18-Apr-06 166.082 8-Aug-06 
306 19-Apr-06 166.389 lost 
307 19-Apr-06 166.329 10-Aug-06* 
308 19-Apr-06 166.468 10-Aug-06* 
309 19-Apr-06 166.167 8-Aug-06 
310 19-Apr-06 166.511 8-Aug-06 
138 20-Apr-06 166.309 10-Aug-06 
139 20-Apr-06 166.069 8-Aug-06 
121 20-Apr-06 166.548 8-Aug-06 
123 25-Apr-06 166.625 10-Aug-06 
122 25-Apr-06 166.607 lost 
124 26-Apr-06 166.024 8-Aug-06 
311 14-Jun-06 166.284 10-Aug-06* 
313 14-Jun-06 166.364 10-Aug-06* 
312 14-Jun-06 166.406 8-Aug-06* 

* All 2005 transmitters were lost after Hurricane Wilma passed through (24 October 2005) and left no 
transmitters to be heard. * indicates that the transmitter was still attached to the study animal, otherwise 
the transmitter had been shed and was found on the bottom of the water intact. 
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Figure A-1. Parietal/squamosal wiring. 1) A hole is drilled through parietal/squamosal ridge. 2) 

The wire is woven through the new hole. 3) The wire is twisted around itself to secure 
its placement. 4) The wire is securely attached to parietal/squamosal ridge. 
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Figure A-2. Transmitter attachment. 1) The transmitter is placed in the middle of parietal with 
wires from transmitter in line with wires previously attached. 2) Wires are twisted 
around each other in a similar manner as described in step 4 of Figure A-1. 3) The 
transmitter is wired to parietal. This figure also indicates the placement of the 
conductivity switches. 
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Figure A-3. One recaptured alligator with the transmitter firmly in place 
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APPENDIX B 
DATA PROTOCOLS AND MANAGEMENT 

Due to crossover or reflected signals, some data were recorded in error. Protocols were 

developed to sort the data so that only the most accurate and reliable data were used for analysis. 

For example, the logged emergence data consisted of eight different fields. These included Field, 

Date, Time, Frequency, Pulses per minute, Percent signal, Transmitter ID, and Data bytes. Field 

described the kind of chirp the receiver heard. This value was either 0, 1, or 2, meaning the 

receiver detected a regular chirp, a chirp with incorrect digital ID, or a chirp with correct digital 

ID and temperature respectively. Lines of data that included any of these values were kept, 

because in any case the transmitter was above water and was being heard. Time was the time of 

day (24 hr) the receiver heard the transmitter, and Frequency was the transmitter frequency that 

was heard. Pulses per minute for the 2005 transmitters described whether the transmitter was in 

normal running mode or mortality mode. Data with Pulses per minute values ranging from 28-32 

(normal running mode) were kept, while data with Pulses per minute values 50 and greater 

(mortality mode) were discarded, since the mortality mode did not allow for determination of 

emergence. Pulses per minute for the 2006 transmitters described whether the transmitter was 

above or below water. Percent signal described the strength of the signal that the receiver heard. 

These values ranged from 0 to 99. Data with values that ranged from 2-99 were kept, while data 

with values 0 and 1 were discarded. Transmitter ID described the ID of the transmitter being 

heard for the 2005 transmitters. Data with both correct and incorrect transmitter ID were kept, 

since either way the transmitter was heard and the alligator was surfaced. Transmitter ID 

described the proportion of time during the last one hour that the alligator spent submerged for 

the 2006 transmitters. Finally, the Data bytes field included digital temperature data.  
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If any record was missing in 2005, it was assumed that the alligator was submerged, as 

our transmitters were programmed to turn off underwater. I also assumed that no alligator 

ventured out of range of the receiver (approximately 3 km). Morea et al. (2000) reported that 

Everglades alligators have relatively small home ranges and are more or less bound to their 

ranges with infrequent emigration. All study animals were captured within 1 km of the fixed 

antennae/receiver, and the farthest known distance an alligator traveled was 1.5 km from its 

capture location, based on its location at the end of the study. In addition, all alligators were 

picked up consistently by the receiver through the course of the study. In 2006, the transmitters 

remained on at all times and only the pulses per minute changed as the transmitter was emerged. 

This change was made in order to nullify even the possibility that some alligators may have left 

the study area in the 2005 season. Some signals in 2006 were missed late in the season as the 

transmitter signals grew weaker. For these missed records, I also assumed that the alligator was 

underwater and perhaps buried in mud under a floating mat of vegetation, as is common refugia 

for alligators in the study area (C. Bugbee, pers. obs.). 
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APPENDIX C 
PERMITS 

Permits were used in this project for alligator capture and radio transmitter attachment.   
 
They were obtained from the following agencies: 
 
• Everglades National Park 

• Florida Fish and Wildlife Conservation Commission 

• University of Florida Animal Care and Use Committee 
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