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The American crocodile (Crocodylus acutus) in Florida is a large, upper trophic level 

predator that was recently down listed by the United States Fish and Wildlife Service to 

threatened due to an increase in number of individuals and nests.  In Florida, prime habitat of the 

American crocodile, the South Florida estuary, is expected to incur changes due to Everglades 

restoration and global climate change.  These changes will potentially affect the distribution, 

growth, survival and spatial patterns of American crocodiles. Understanding different movement 

tactics and habitat use patterns of highly mobile top predators allows for a greater understanding 

of the interactions between top predators and the habitats they use.  Here I used satellite 

telemetry to determine the current spatial use and movement patterns of American crocodiles.  I 

deployed fifteen transmitters on adult females from December 2010 to December 2012 and used 

kernel density estimates (KDE) to calculate home range (95% KDE) and core areas (50% KDE).  

Mean overall home ranges was 66.8 ± 33.3 (SD) km
2
 and mean core area size was 14.2 ± 7.2 

(SD) km
2
.  Average daily distance moved for crocodiles was ≥ 1.0km. Additionally, salinity and 

temperature, the environmental parameters most likely to change due to Everglades restoration 

and global climate change, significantly influenced crocodiles’ movement patterns.  As the 

American crocodile in Florida continues to recover and expand into its historic range and the 
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environment undergoes potentially dramatic changes, understanding how crocodiles will 

spatially respond to these changes will inform us as to how crocodiles influence food web 

dynamics, create habitat linkages, and adjust their spatial use strategies to this changing 

environment. 
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CHAPTER 1 

INTRODUCTION 

Studies of movement patterns of wildlife are important to understand how species 

inhabit, restrict, or change their movements and spatial use in dynamic environments.  As 

biotelemetry technology continues to advance (Rutz and Hays 2009), a better ecological 

understanding is emerging of wildlife, particularly those that are cryptic, as well as those that 

have low population numbers and are vulnerable to extinction (Millspaugh and Marzluff 2001).  

The size, shape and temporal pattern of home ranges and movements have been shown to change 

due to prey availability (Ebersole 1980, Pejchar et al. 2005, Sulok et al. 2005), body mass 

(McNab 1964), age or sex (Webb and Messel 1978, Hutton 1989, Dahle et al. 2006, Gehrt and 

Fritzell 1997), predation risk (Tufto et al. 1996, Fortin et al. 2005, Mao et al. 2005), population 

density (Wolf 1985), and specific habitat requirements (i.e. nesting locations; Odum and 

Kuenzler 1955, Kay 2004). Understanding the factors that influences the size of animal’s home 

ranges and movements for imperiled species, as well as highly mobile top predators, is becoming 

more important as populations recover or, in some cases, continue to decline (Abbitt and Scott 

2001, Thorbjarnarson 2002).  

The American crocodile (Crocodylus acutus) is a large, upper trophic level predator that 

inhabits mostly estuarine habitats throughout its range, which within the United States 

encompasses the southern tip of Florida from Vero Beach to Tampa Bay (Kushlan and Mazzotti 

1989a).   American crocodiles prefer relatively deep, open water habitats with low saline 

environments (less that 50% sea water) that are protected from wind and wave activity (Kushlan 

and Mazzotti 1989b).  During the nesting season (March 15 – September 15), adult female 

American crocodiles can travel up to 35.5 km (Cherkiss et al. 2007) to nesting habitat that 

generally consists of sandy coastal beaches or man-made berms created by dredging activities.  
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Nests in northeastern Florida Bay (NFB) are primarily located on sandy beaches along the coast 

and on keys, which are sometimes a good distance (approximately 10s of kms) from foraging 

habitat (Kushlan and Mazzotti 1989b).  Nests in the relatively newly colonized location of Cape 

Sable (CS) are predominantly located on man-made berms created by dredging East Cape Canal 

and Homestead Canal, although some nesting activity occurs on coastal beaches along the 

southwestern coast of mainland Florida from Flamingo to Middle Cape. 

Adult female American crocodiles excavate their nests and assist in the hatching process 

(Ogden and Singletary 1973).  They can travel long distances with the newly hatched crocodiles, 

but generally do not show signs of prolonged parental care (Kushlan and Mazzotti 1989b) that is 

seen in other crocodilians (Cott 1971, Kushlan and Kushlan 1979).  American crocodiles also 

nest communally with some nests as close as a meter from each other, and aggregations of adult 

females can be observed in proximity to each other during the nesting season.  It has long been 

thought that crocodilians rarely tolerate adult conspecifics of the same sex unless they are 

congregated at breeding sites or in captivity (Lang 1989).  However, it is unknown how tolerant 

adult female American crocodiles are of each other for the duration of the nesting season and 

during the nonnesting season (September 16 – March 14).  

Key habitat of the American crocodile in Florida – the Everglades estuary - has 

undergone dramatic changes due to diversion of freshwater flow to nearby urban areas in order 

to support increasing human consumption.  This diversion has limited the amount of fresh water 

entering South Florida estuaries thereby inhibiting American crocodile growth and survival 

(Mazzotti 1999).  Currently, restoration projects aimed at restoring near-historic water flow to 

marshes and estuarine habitats in South Florida (U.S. Army Corps of Engineers, 1999) are 

planned, many of which will affect hydrological regimes and those animals that rely on healthy 
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estuaries (Green et al. 2013).  Given their ability to exhibit biological responses to changing 

hydrological patterns, American crocodiles are important indicators to how restoration proceeds 

(Mazzotti et al. 2009).   

Additionally, the South Florida estuary faces threats from global climate change and sea 

level rise (Meehl et al. 2005) which could adversely affect the success of low-lying nests and 

also increase salinities in coastal estuaries.  Newly established exotic species may also be a threat 

to American crocodiles through competition or predation from Burmese pythons 

(Python molurus bivittatus) or potential predation on crocodile eggs by 

Argentine black and white tegus (Tupinambis merianae).  Furthermore, a recent cold front in 

South Florida highlighted the vulnerability of American crocodiles in Florida to extreme climatic 

events, as over 150 American crocodiles died due to an extreme winter freeze (personal 

observation), and these extreme events could be increasing in number and intensity (Easterling et 

al. 2000).  It is unknown how American crocodiles will respond spatially to these changes or 

how their movement patterns will respond to Everglades restoration as well as the above 

mentioned threats. 

My objectives were three-fold.  The first objective was to quantify home ranges, 

delineate core areas, and quantify daily movements of adult female American crocodiles in 

Florida; I also sought to compare values from this research to previous home range estimates of 

crocodilians to determine if any patterns exist within crocodilian spatial ecology. The second 

objective was to determine if salinity and temperature, the environmental parameters expected to 

change due to restoration and global climate change (Rahmstorf 2007), influence adult female 

crocodile movement patterns.  The last objective was to test three hypotheses. 1) Nesting season 

home range size, core area size and daily movements are larger for adult female crocodiles in 
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NFB than CS due to increased travel distances between nest locations and foraging habitat in 

NFB.  Essentially, the crocodiles in CS will act similar to reported behavior of American 

alligators that reside in marsh habitats that create smaller home ranges around nesting sites 

(Joanen and McNease 1970, Goodwin and Marion 1980, Rootes and Chabreck 1993), and the 

crocodiles in NFB would act similar to reported values of C. porosus that make long distance 

movements to nesting habitat in riverine habitats (Kay 2004, Hamish et al. 2013).  2)  Nesting 

season core areas will be similar for adult female crocodiles, but there will be a shift in core area 

from the nesting season to the nonnesting season and that shift will be greater in NFB due to the 

increased travel distance to nesting sites.  The distance between nest sites and preferred foraging 

areas will not increase the size of core areas (Hypothesis 1), but the distance between nesting 

season core areas and nonnesting season core areas will be greater in NFB due to nesting 

generally occurring farther from preferred foraging areas than CS nesting.  3) There will be a 

larger proportion of overlap in adult female crocodile’s nesting season core area use at CS than 

NFB due to the known large nesting aggregations in CS. 
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CHAPTER 2 

METHODS 

Study Area 

Everglades National Park (ENP) is a 1.5 million acre (approximately 607,000 ha) 

Wetland of International Importance, World Heritage Site, and International Bioreserve.   I 

conducted this study at two sites within ENP, the historic crocodile nesting area of Northeastern 

Florida Bay (NFB), and the more recently discovered nesting area of Cape Sable (CS; Figure 2-

1).  The hydrology of NFB is primarily driven by the Taylor Slough drainage, which is currently 

undergoing restoration projects that will increase freshwater flow to the estuary.  Most of the 

crocodile nesting in NFB takes place on keys within the bay or on coastal beaches, sometimes a 

considerable distance (10s of km) from foraging and nursery habitat (Mazzotti 1999).  The 

vegetation in NFB is dominated by red mangrove (Rhizophora mangle) forest and scrub with 

interspersed black mangrove (Avicennia germinans) forests and hardwood hammocks.  Egler 

(1952) described the herbaceous wetlands in NFB as dominated by spikerush (Elocharis 

cellulose) with some clumps of sawgrass (Cladium jamaicense). These wetlands have all but 

vanished from coastal habitats of NFB due to the changes in the hydrology (Lorenz and Sarefy 

2006). At CS, the hydrology is more tidally and rain influenced than NFB with salinities 

consistently close to those found in sea water (approximately 30 ppt).  Nesting activity is mostly 

on berms created from the dredging of the East Cape Canal and Homestead Canal although there 

is some nesting along the coastal beaches of CS.  Black mangroves dominate the forest structure 

with red mangroves becoming more prevalent inland.  Additionally, CS has a large expanse of 

mud banks that become more exposed on lower tide, as well as salt tolerant herbaceous species 

interspersed between the mud banks and mangrove forests (Roberts et al. 1977).   
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I captured all crocodiles using self-locking snares (Thompson Snares, Annabel, MO), 

working from both motorboats and land.  I marked each crocodile with a distinct scute clip 

pattern using established protocols (Mazzotti 1983, Mazzotti and Cherkiss 2003) and measured, 

with a flexible tape measure, head length (HL), snout-vent length (SVL), total length (TL), tail 

girth (TG) and mass to the nearest mm.  After taking morphometric measurements, I outfitted 

crocodiles with a satellite transmitter (Wildlife Computers, Redmond, WA, SPOT5, 0.5 Watts, 

70 mm long, 41 mm wide, 27 mm high, and 110 g weight) and a VHF radio-transmitter (Holohil, 

Ontario, Canada, model SI-2).  The VHF transmitter was attached to locate animals if their 

satellite signal stopped transmitting.  Attachment protocols followed Brien et al. (2010) with 

slight modifications to suit American crocodiles in South Florida.  Before attaching transmitters, 

I cleaned the area around the nucal rosette with Betadine solution and administered 6 – 8 

injections of lidocaine (approximately 3ml) around the cleaned area.  I threaded stainless steel 

wire (90lb test) underneath the nucal rosette using an 8 inch (203 mm) mortician’s needle, and 

then threaded the wire through holes fabricated in the transmitter and crimped together.  I then 

epoxied a VHF transmitter adjacent to the satellite transmitter.  After completing the attachment, 

which lasted approximated 45 minutes, I released all crocodiles at the capture location. During 

the hatching season (end of June to September 15), I deployed transmitters only on females 

known to have hatched their nest, which ensured females did not abandon their nests (Kushlan 

and Mazzotti 1989b). 

I programmed satellite transmitters to transmit every hour for the length of their 

deployment and locations were determined by the Argos system which gives an accuracy 

location class (LC) to each position.  Location class accuracies are designated as follows with 

error accuracy in parenthesis: LC3 (< 250m), LC2 (250m < 500m), LC1 (500m < 1500m), LC0 
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(> 1500m), LCA (unknown), LCB (unknown), LCZ (failed).  Since 2011, Argos locations are 

Kalman-filtered as opposed to least-squares filtered. This significantly improves the location 

accuracy (Lopez and Malarde 2011).  For this study, I used LC3 – LC1for home range and core 

area analysis and only LC3 for movement analysis.  

Home Range and Movements 

I performed all statistical analysis in Program R (R core team 2013) and determined 

statistical significance at α = 0.1.  To determine home range size, I used fixed kernel density 

estimates (KDE) to put less emphasis on peripheral locations and eliminate areas that crocodiles 

may travel through only briefly (Worton 1989).  This method allows for a more accurate 

representation of home range and core area use because American crocodiles are known to travel 

long distances to nesting sites.  I also selected KDEs to compare current home ranges to those 

reported in previous literature.  I used least-squares cross validation (LSCV) technique as the 

smoothing parameter (Seaman and Powell 1996).  To minimize spatial autocorrelation, I 

calculated a mean daily location for each crocodile in Program R and then used the programs 

Geospatial Modeling Environment (GME; Beyer 2012) and ArcGIS 10.1 (ESRI 2011) to create 

the KDEs; I used 50% and 95% KDE to depict core areas (50% KDE) and overall home ranges 

(95% KDE) of the telemetered crocodiles (following Worton 1989).  Additionally, I created a 

500m x 500m grid across the study sites and calculated the number of crocodile tracking days in 

each grid cell using LC3 locations to show areas of concentrated use.  I used a linear regression 

to determine if there was an effect of female size on home range and core area use.  I calculated 

the daily distance moved (rate of movement; ROM) in GME from the mean daily locations and 

only included locations where subsequent days were recorded so as not to over- or under-

estimate each crocodile’s ROM. 
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To determine seasonal changes in core area use and ROM, I calculated KDEs (both 50% 

and 95%) and ROM during the nesting (March 15 – September 15) and non-nesting (September 

16 – March 14) seasons (Kushlan and Mazzotti 1989b).  Next, I calculated the centroid of each 

core area in GME and then measured the distance between the nesting season centroid and 

nonnesting season centroid to determine if there was a seasonal shift in core areas.  As a proxy 

for “territoriality,” I assessed the level of core area overlap for adult female crocodiles using 

ArcGIS to determine how much area within each crocodile’s core area that overlapped with other 

crocodile core areas.   

Generalized Linear Mixed Model 

I used a generalized linear mixed-effects model (GLMMg) with the gamma distribution 

using R packages ‘lme4’ (Bates et al. 2013) and ‘lmerTest’ (Kuznetsova 2012) to assess the 

influence of salinity and temperature on ROM.  Additionally, I compared a linear mixed-effects 

model (LMM) and a generalized linear mixed-effects model (GLMMp) with family Poisson to 

the GLMMg by examining the output and comparing the Akaike information criterion (AIC).  

For all three models, the response variable was ROM with model parameters of temperature, 

salinity, location (CS or NFB), and season (nesting or nonnesting).  I also included crocodile ID 

as a random effect.  Hourly temperature and salinity measurements were automatically taken 

from 8 water stations across the southern estuary of ENP (Figure 2-2).  Three stations are located 

in CS and five are in NFB; all are maintained by the Audubon Society of Florida.  I averaged the 

hourly measurements from the stations to get a daily mean temperature and salinity for each 

station.  Next, I pooled the CS and NFB measurements and got a daily mean temperature and 

salinity for each location (CS and NFB), and assigned those values to each crocodile’s daily 

ROM. 
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Figure 2-1. Study site locations in South Florida. 
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Figure 2-2. Locations of environmental sampling stations.  NFB1 – 5 are locations in 

northeastern Florida Bay. CS1 – 3 are locations in Cape Sable. 
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CHAPTER 3 

RESULTS 

I satellite tagged 15 adult female crocodiles, 8 in CS and 7 in NFB with satellite 

transmission times between December 2010 to December 2012.  Crocodiles ranged in size from 

235.8 cm to 303.5 cm (Table 3-1).  Satellite tracking periods ranged from 3 days to over 406 

days (196 ± 104 SD days), although 6 transmitters were still transmitting data after the December 

2012 cutoff date for analysis.  It is unclear why one transmitter lasted only 3 days, although I 

observed a different transmitter that lasted 58 days to be missing the antenna portion of the unit.  

Transmitters deployed after this observation were reinforced at the base of the antenna at the 

factory, thereby minimizing additional losses due to antenna failure.  Except for the crocodile 

with only 3 days of transmitter life, all crocodiles had more than 20 daily fixes (most with 

multiple high quality locations per day).  Two crocodiles in NFB only received fixes during the 

nesting season and 1 crocodile in CS did not have enough fixes to produce KDE estimates during 

the nonnesting season (see Table3-2). 

Home Range and Core Area Use 

Overall home ranges (95% KDE) for adult female crocodiles in South Florida ranged 

from 23.4 – 113.5 km
2
 (mean = 66.8 ± 33.3 SD), and core areas (50% KDE) ranged from 3.5 – 

22.0 km
2
 (mean = 14.2 ± 7.2 SD). During the nesting season, home range sizes for crocodiles at 

CS ranged from 11.3 – 84.8 km
2
 (mean = 47.2 ± 28.7 SD) and core area sizes were 2.6 – 21.7 

km
2
 (mean = 10.2 ± 7.2 SD).  Home range sizes at NFB during the nesting season ranged from 

26.6 – 106.1 km
2
 (mean = 62.3 ± 30.1 SD) and core areas were 3.9 – 18.0 km

2
 (mean 12.7 ± 6.0 

SD).  During the nonnesting season, home range sizes for crocodiles at CS ranged from 31.3 – 

167.0 km
2
 (mean = 75.3 ± 47.5 SD) and core area sizes were 6.6 – 35.6 km

2
 (mean = 16.6 ± 10.0 

SD).  Home range sizes at NFB during the nonnesting season ranged from 6.4 – 69.8 km
2
 (mean 
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= 32.0 ± 24.4) and core areas were 0.9 – 17.9 km
2
 (mean = 7.3 ± 6.7 SD) (Figure 3-1, Appendix 

1). There was no statistical difference between CS and NFB crocodiles in the size of the overall 

home range (t = 0.683, p = 0.508), overall core area (0.448, p = 0.663), nesting season home 

range (t = -0.957, p = 0.357), nesting season core area (t = -0.714, p = 0.489), and nonnesting 

season core area use (t = 1.829, p = 0.102). There was a significant difference between the CS 

and NFB crocodiles in the nonnesting season home range (t = 1.944, p = 0.0892) with crocodiles 

at CS having larger home ranges.  Linear regression analysis showed that adult female size did 

not influence home range size (F = 0.050, p = 0.827) or core area size (F = 0.002, p = 0.962).   

One female (#5631) tagged at CS moved to the Fox Lake complex before the start of the 

nesting season and remained in that area throughout the nesting season.  This is approximately 7 

km from known nesting areas and I postulate this female did not nest during the transmitter 

deployment.  Another female at NFB (#481) hatched her nest in mid-July and was subsequently 

captured and tagged.  She then moved to an area more inland, approximately 9 km from her nest, 

and remained there until she moved back to the exact same nesting location (less than 1 m) the 

following March where she successfully hatched another nest. 

Shifting Core Areas 

The mean distance between centroids of an individual crocodile’s core area during the 

nesting and non-nesting season was 2.9 ± 0.7 (SD) km and 2.7 ± 2.5 (SD) km for NFB and CS 

respectively.  There was a significant difference in variance (F = 9.06, p = 0.015, Levene test) 

between CS and NFB with three patterns emerging.  Crocodiles at NFB shifted their core area at 

least 2 km and the largest shift was 3.7km.  Crocodiles at CS either shifted a considerable 

distance (3.3, 5.8 and 5.4 km) or barely shifted at all (0.4, 0.7 and 0.7 km).  Two crocodiles at CS 

that shifted their core areas a large distance likely nested along the western coast of Florida, a 
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considerable distance from the capture location and preferred foraging area.  The third crocodile 

moved farther inland to preferred foraging habitat and presumably did not  

nest.  The three crocodiles that did not have a large shift in core area nested near to preferred 

foraging habitat (Figure 3-1). 

Core Area Overlap 

There was extensive nesting season core area overlap (Figure 3-2) at CS with a mean 

proportional overlap of 63.1%.  Each satellite-marked crocodile at CS shared their core area with 

at least one other satellite-marked crocodile and four of the seven shared their core area with five 

other crocodiles.  In NFB, mean proportional overlap was significantly smaller (mean 14.7 %; W 

= 46, p = 0.0041, Wilcoxon) than CS.  There were two crocodiles that had very small overlap of 

their core areas (0%, 0.002%) and none of the crocodiles in NFB shared more than 32% of their 

nesting season core areas.  Nonnesting season followed the same trend with core area overlap of 

80.8% and 21.3% for CS and NFB, respectively, which was significant different (W = 28, p = 

0.021, Wilcoxon).  

Daily Movements 

During the nesting season, crocodiles at NFB (mean movements = 2.0 km/day ± 0.67 SD) 

moved significantly longer distances (t = -1.787, p = 0.0995) than crocodiles at CS (mean 

movements = 1.3 km/day ± 0.75 SD).   There was no significant difference in the daily 

movements (t = -0.0997, p = 0.923) during the nonnesting season between crocodiles at NFB 

(mean = 1.4 km/day ± 0.80 SD) and CS (mean = 1.3 km/day ± 0.78).   The AIC values of the 

GLMMp (1227779), LMM (16656) and GLMMg (15674) indicated GLMMg was the best fit 

model.  GLMMg showed a significant effect of temperature, season, and salinity when combined 

with location and season on ROM (Table 3-3). 
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Table 3-1. Summary table showing the date and location of each crocodile, as well as the total 

length (TL) and mass. CS indicates the crocodile was captured in Cape Sable; NFB 

indicates the crocodile was captured in northeastern Florida Bay. 

 

ID Date Captured 
Capture 

Location 

Recapture 

Status 
TL (cm) 

Mass 

(kg) 

5058 12/22/2010 CS No 235.8 46.5 

5631 1/14/2011 CS No 303.5 86.0 

1548 3/14/2012 CS Yes 256.0 66.0 

6628 3/13/2012 CS No 262.6 67.0 

6620 2/21/2012 CS No 249.5 58.0 

202 2/21/2012 CS Yes 275.8 87.0 

5151 7/11/2012 CS No 293.3 N/A 

792 5/9/2011 NFB Yes 287.1 80.0 

1076 7/6/2012 NFB Yes 255.7 53.0 

481 7/12/2012 NFB Yes 266.4 N/A 

6700 4/26/2012 NFB Yes 290.1 85.0 

775 4/27/2012 NFB Yes 251.7 56.0 

575 5/2/2012 NFB Yes 257.6 48.0 

1760 5/2/2012 NFB Yes 250.0 53.0 

 

 

Table 3-2. The breakdown of number of locations (%) with percentage in parenthesis in each 

location class for the adult females American crocodiles tagged in this study.  LC3 

represents locations with accuracy estimate <250 m resolution. LC2 represents 

locations with accuracy estimate between 250 m and 500 m. LC 1 represents 

locations between  500 m and 1500 m. 

  ID      LC 3       LC 2       LC 1 Total 

1760 268 (42.7) 220 (35.1) 139 (22.2) 627 

1548 445 (50.7) 287 (32.7) 145 (16.5) 877 

6700 56 (38.9) 58 (40.3) 30 (20.8) 144 

575 97 (40.6) 85 (35.6) 57 (23.9) 239 

6628 295 (43.5) 257 (37.9) 127 (18.7) 679 

5058 120 (33.8) 139 (39.2) 96 (27.0) 355 

775 218 (35.1) 255 (41.0) 148 (23.8) 621 

1076 82 (45.6) 60 (33.3) 38 (21.1) 180 

481 231 (37.8) 216 (35.4) 164 (25.8) 611 

792 28 (20.4) 63 (46.0) 46 (33.6) 137 

5151 126 (46.7) 79 (29.3) 65 (24.1) 270 

6620 169 (44.7) 131 (34.7) 78 (20.6) 378 

202 384 (34.7) 436 (39.4) 287 (25.9) 1102 

5631 77 (29.0) 110 (41.5) 78 (29.4) 265 

Mean      185.4    171.1   107.0        463.2  
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Core Area Use 

   

Home Range 

   

Figure 3-1. Box plots of the core area and home range sizes of adult female American crocodiles 

in South Florida. CS represents Cape Sable crocodiles and NFB represents 

northeastern Florida Bay crocodiles. 
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Figure 3-2.  Nesting season core area overlap at Cape Sable and northeastern Florida Bay in 

South Florida.  Light grey represents the core areas with no overlap and dark grey 

represents areas with at least 2 crocodiles overlapping 

 

Table 3-3.  The results from a generalized linear mixed-effects model investigating what factors 

influence adult female American crocodile’s daily movement rates in South Florida. 

Parameters F statistic df P value 

Temperature 9.17 891 0.003 

Salinity 0.31 649 0.579 

Season 5.75 919 0.017 

Location 2.03 632 0.155 

Temperature * Season 0.32 935 0.572 

Temperature * Location 0.11 907 0.740 

Salinity * Season 3.65 921 0.056 

Salinity * Location 9.91 488 0.002 
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CHAPTER 4 

DISCUSSION 

This study was the first to comprehensively report on home range size, core area use and 

daily movement patterns of adult female American crocodiles with average tracking duration just 

under one year. Compared with previously reported home range estimates for American 

crocodiles, the results of this study showed much larger areas of spatial use.  Kushlan and 

Mazzotti (1989a) reported an average home range size of 107 ha (approximately 1.1 km
2
) for 5 

crocodiles with more than 18 locations for each crocodile.  This estimate was determined by 

enclosing the locations of each crocodile with a polygon (100% minimum convex polygon).  The 

difference between home ranges estimated in the current study versus those in Kushlan and 

Mazzotti (1989b) could be attributed to the satellite transmitter ability to transfer remote signals.  

Coastal habitats in ENP are dominated by mangroves in which penetration and navigation by 

boat is difficult. When crocodiles were using those habitats they might not have been detected 

with the VHF receivers in the previous Kushlan and Mazzotti (1989b) study.   

There was considerable overlap in overall home ranges (95% KDE) across the study site 

and this supports previous finding of Kushlan and Mazzotti (1989b).  However, there was very 

little overlap in core areas in NFB (Figure 4).  This pattern of habitat use was different at CS 

where there was extensive overlap in both overall home range and core use areas (Figure 4).  

Each of the seven crocodiles that were tagged in CS made trips to the Fox Lake complex with 

repeated and sometimes extended stays for most of the crocodiles.  Approximately, 23% of all 

locations at Cape Sable occurred within or near the Fox Lake complex (Figure 5).  This area is 

known to have large numbers of adult crocodiles (personal observation), particularly during the 

dry season.  It is unclear why there are observed large congregations and core overlap in the Fox 

Lake complex, but there could be a fresh water source in the area that provides a respite to the 
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high coastal salinities. In addition, the observed core area overlap of adult crocodiles might 

enhance mating opportunities.  Finally, although it is unknown how dense the prey base is in the 

Fox Lake complex, plentiful food availability could allow for greater concentrations of adult 

crocodiles and allow the crocodiles to become more tolerant of one another.  Understanding why 

this area can support the amount of core area overlap of adult female crocodiles is an important 

next step in managing this threatened species. 

My results confirmed those found by Kushlan and Mazzotti (1989b) that females return 

to their nest site on subsequent years.  For example, crocodile #481 was captured one day after 

she hatched her nest on Deer Key in mid-July and subsequently moved to northeastern Little 

Madeira Bay, approximately 9 km from her nest site. She stayed there for the duration of the 

nonnesting season, after which she returned to the exact same nest location (< 1 m distance) on 

Deer Key in mid-March the following year.  This study also confirmed that adult female 

crocodiles do not nest every year with crocodile #5631 staying in the Fox Lake complex for the 

entire nesting season; this result has implications for population modeling, as fecundity terms for 

females are not an annual rate for all individuals. 

Other than C. porosus and A. mississippiensis, scant data are available to make 

comparisons to other crocodilians (but see Appendix B for a summary table of the published 

home range estimates and movement studies on crocodilians).  Joahnen and McNease (1970) 

reported on 4 adult female A. mississippiensis  tracked for approximately 6 months in a coastal 

marsh in Louisiana; their animals had home range estimates ranging from 6.4 – 41.0 acres (0.026 

– 0.17 km
2
) with the largest home ranges occurring during courtship and breeding periods.  

These results paralleled those found by Goodwin and Marion (1979) where they tracked 5 female 

alligators in Newnan’s Lake, Florida, for 2 years and found home range was largest during 
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spring with a mean home range size of 15.6 ha.  Rootes and Chabreck (1993) tracked 15 adult 

female alligators in a marsh in northern Louisiana and found slightly larger home ranges (mean 

35.8 ha), which were very similar to home range values Morea et al. (2000) found for adult 

female alligators in the Everglades (mean 36 ha).   Lastly, Taylor (1984) reported the largest 

mean annual home range of 56.0 ha, as well as considerable variation (range 1 – 256 ha), for 

adult female alligators in a northern Louisiana lake.  These home range estimates for alligators 

are markedly smaller than the home range estimates in the present study, but this was expected 

because female alligators tend to move more during the spring breeding season, and limit their 

movements during the summer nesting and hatching season, as well as the winter season when 

they typically find a den to avoid cold temperatures (Chabreck 1965, Joanan and McNease 1970, 

Goodwin and Marion 1980).  This movement patterns lends itself to small home ranges, which is 

not the pattern detected in the present study.   

Even though South Florida is the only place where alligators and American crocodiles are 

found together, American crocodiles are mostly found in the extreme southern tip of Florida.  

The results of this study showed that adult female American crocodiles are highly mobile 

crocodilians with mean ROM of 1.7 km/day for all crocodiles in the nesting and a mean of 1.3 

km/day in the nonnesting season. The largest ROM detected in this study was a female that 

moved 10.4 km during an excursion in April, between egg laying and hatching.  Previously 

reported alligator ROMs are much smaller.  Taylor (1984) and Rootes and Chabreck (1993) 

reported ROMs < 0.1 km/day, Morea et al. (2000) reported ROMs of 0.2 km/day during the 

spring, and Joanen and McNease (1970) reported the highest ROM of 0.5 km/day.  The results of 

this study show American crocodiles in Florida have both larger home ranges and movement 

patterns than reported values for alligators across their range. 
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Home range values for C. porosus are variable; Brien et al. (2008) reported smaller home 

ranges than my study (range 1.18 – 7.67 ha) at a seasonally isolated water hole in northern 

Queensland, Australia, and Kay (2004) and Hamish et al. (2013) reported larger home range 

values for C. porosus in riverine systems in Australia.  Hamish et al. (2013) was the first to use 

satellite/GPS technology and tracked eight male and four female crocodiles to report on home 

range values for crocodilians and their results are similar to my results.  Kay (2004) and Hamish 

et al. (2013) both tracked C. porosus in riverine systems and tracked females during long 

journeys (15 - 62 km) from dry season locations to nesting locations.  Kay (2004) provided small 

estimates for dry season core areas, but did not provide estimates for wet season core areas, and 

Hamish et al. (2013) found that by removing area not contained within the river system, the 

estimates for home range and core areas decreased by 90% and 71 %, respectively.  American 

crocodiles in Florida are not restricted in their movements like C. porosus that occupy riverine 

systems or isolated water holes.  Therefore, it is not surprising that I found home range values to 

be larger in this study. 

Implications for Restoration 

As the large and ambitious effort to restore hydrologic patterns in the Greater Everglades 

to historic flows proceeds, understanding how the hydrologic changes affect animals, particularly 

important upper trophic level species, is extremely important.  Previous work by Mazzotti (1999) 

and Mazzotti et al. (2009) showed that American crocodiles directly respond to changing 

hydrology by either decreasing or increasing their growth and survival.  My research showed the 

importance of examining American crocodiles spatial and movement dynamics.  First, I showed 

that American crocodiles can be tolerant of conspecifics given enough habitat.  This is important 

because when salinities change and historic food webs respond (Lorenz and Serafy 2006) more 

foraging habitat will become available to crocodiles.  Second, I showed that adult female 
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American crocodiles directly respond (ROM) to changing environmental conditions (temperature 

and salinity).  This is most likely due to crocodiles searching for food and moving into less saline 

enviornments.  Lorenz and Serafy (2006) showed that prey base fish populations decrease during 

times of increased salinity which could result in crocodiles increasing their movements in search 

of prey. 

Hypotheses 

The first hypothesis I tested was whether the crocodiles in CS during the nesting season 

would act similar to reported home range values for alligators, Brien et al. (2008)’s values for C. 

porosus, and Hutton (1989)’s home range estimates (15 ha) for C. niloticus during the nesting 

season.  In general, those studies showed that adult female crocodilians had relatively small 

home ranges around nesting sites; this is the pattern I expected to see at CS.  In NFB, I expected 

to see the pattern Kay (2004) and Hamish et al. (2013) reported on C. porosus.  In riverine 

systems, C. porosus make long distance journeys to nesting sites and have larger reported home 

range estimates.  There was no significant difference in the nesting season home range or core 

area sizes for the crocodiles at CS in comparison with NFB.  There was a significant difference 

in the ROM however, with crocodiles in NFB have significantly longer daily movements during 

the nesting season; this is what I expected due to the necessary increased travel distance to the 

nesting locations.  However, the nonnesting season core areas were significantly larger for the 

CS crocodiles and this may be due to increased trips to the Fox Lake complex whereas the NFB 

crocodiles had a decrease in their daily movements during the nonnesting season because they 

did not have to make journeys to the nesting areas.  There was no significant difference detected 

in the nonnesting ROMs. 

The second hypothesis I tested was that nesting season core areas would not be 

statistically different between CS and NFB, but there would be a shift in nesting season core area 
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use and that shift would be greater in NFB due to the increased travel distance to nesting 

locations.   Although there was no significant difference between CS and NFB, an interesting 

pattern emerged.  There was a significant difference in the variance between NFB and CS and 

this is mostly due to the crocodiles in CS either remaining near the nesting location resulting in a 

small shift (the overall pattern I expected), or moving a good distance to nesting locations along 

the west coast or to the Fox Lakes. 

The third hypothesis was that there would be a larger proportion of core area overlap at 

CS.  Recent work by Brien et al. (2008), Kay (2004), and Hamish et al. (2013) showed that adult 

male C. porosus can have overlapping home ranges, but Brien et al. (2008) found very little 

overlap in adult female C. porosus.  In this study I showed two distinct spatial patterns used by 

adult female American crocodiles in Florida.  The crocodiles in CS had extensive overlap and the 

crocodiles in NFB had very little overlap in core areas. There could be a few explanations for 

this spatial pattern.   

First, we captured all crocodiles at CS in East Cape, whereas I captured all NFB 

crocodiles across the study site at each crocodile’s nest location.  This was because it was 

difficult to target adult female crocodiles in NFB during the nonnesting season when they are 

generally away from habitat that is accessible by motorboat.  The spatial overlap pattern I 

detected in this study was not likely due to where the crocodiles were captured because one 

group of three crocodiles in NFB nested within 3 km of each other and shared very little nesting 

season core area overlap, and another group of two crocodiles in NFB nested within a few 

hundred meters of each other did not share any nesting season overlap.  Additionally, two of the 

areas where overlap occurred at CS were approximately 8 km from the capture locations.    
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The second explanation for observed spatial pattern was that the habitat at CS is more 

conducive for crocodiles to share their core areas.  At CS, the crocodiles that stayed in the East 

Cape area to nest and the crocodiles that moved to the western coast to nest made trips to the Fox 

Lake complex.  The complex of lakes could provide a respite to the high coastal salinities, 

provide additional prey opportunities, or provide mating opportunities.  I expect that the historic 

redirecting of freshwater flow from Florida Bay and the subsequent decrease in prey may have 

limited the ability of the crocodiles to respond as we saw in the increase in nesting at CS after the 

initial damming of East Cape Canal (Mazzotti 2007).  This pattern did show that adult female 

crocodiles can share core areas.   

Management implications  

In this study, I identified key areas of high crocodile use previously suspected but never 

quantitatively shown.  The Fox Lake complex is a high trafficked area by adult crocodiles, but 

the reason this area is important is still yet unknown.  As the population of American crocodiles 

continues to grow and expand into new areas it is important to know how much and what kind of 

habitat is needed to sustain a healthy population. Additionally, American crocodiles are known 

to make long distance journeys to nest sites (Cherkiss et al. 2008) and nuisance crocodiles have 

also been known to make long distance trips from Miami to Naples, across the southern tip of 

Florida (L. Horde, personal communication).  My results also show crocodiles move larger daily 

distances than was initially thought with ROMs in this study averaging over 1km/day.   Previous 

work by Rosenblatt and Heithaus (2011) showed the importance of highly mobile top predators 

to dispersal of nutrients across the landscape and creation of habitat linkages.  The crocodiles 

tagged in this study may be creating the same linkages across the South Florida ecosystem by 

having large home ranges and large daily movements.  Additionally, I identified the importance 



 

32 

of spatial and movement dynamics to changing environments, which will be increasing in South 

Florida due to restoration, and global climate change and sea level rise. 

Recommendations 

Understanding to what extent prey influences home range and movement dynamics is an 

important next step to the continued management of this threatened species by either 

conventional stomach pumping (Taylor et al. 1978) or more advanced stable isotope analysis 

(Rosenblatt and Heithaus 2011). Most of the differences identified in home range size and 

movement patterns for crocodilians have been attributed to sexes and size classes.  

Understanding how male and non-adult American crocodiles are moving within the landscape 

would enhance the spatial picture forming from the current study. Notably, none of the females 

tagged in this study moved between the two study sites.  I expect male American crocodiles to 

have larger home ranges and movements patterns as reported in other crocodilians, and may 

possibly link these two geographic areas.  The increase in observations of crocodiles in urban 

areas (L. Horde pers. comm.) also increases the potential for human/crocodile interactions. The 

methods described in this paper would shed light on the management of these urban crocodiles 

as they continue to move into their historic range. Additionally, expanded sampling of adult 

females could shed light on the proportion of adult females that reproduce and nest each year, 

thereby enhancing our ability to model the population of American crocodiles.  Lastly, my 

research identified that temperature and salinity influence the movement patterns of adult female 

crocodiles, but it is unclear to what extent they influence those patterns.  More advanced 

movement modelling would allow researchers and managers to better understand the 

environmental influences and hopefully lead to the inclusion of these types of analyses in 

determining effects of restoration and global climate change. 
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Figure 4-1.  A 500m by 500m grid across South Florida with number of tracking days calculated 

in each cell. 
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APPENDIX A 

SEASONAL CORE AREA AND HOME RANGES FOR ADULT FEMALE AMERICAN 

CROCODILES IN SOUTH FLORIDA 

 

Figure A-1. Nesting season core areas (50% KDE) and home ranges (95% KDE) of adult female 

American crocodiles at Cape Sable.   
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Figure A-2. Nonnesting season core areas (50% KDE) and home ranges (95% KDE) of adult 

female American crocodiles at Cape Sable. 
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Figure A-3. Nesting season core areas (50% KDE) and home ranges (95% KDE) of adult female 

American crocodiles in northeastern Florida Bay. 

 

 



 

37 

 

FigureA- 4. Nonnesting season core areas (50% KDE) and home ranges (95% KDE) of adult 

female American crocodiles in northeastern Florida Bay. 

 

  



 

38 

APPENDIX B 

LIST OF PUBLISHED CROCODILIAN HOME RANGE AND MOVEMENT STUDIES. 
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Source 
Tracking 

Method 
Species N Location Findings 

Chabreck (1965) 
Mark 

Recapture 

Alligator 

mississipiensis 
131 

Rockefeller Wildlife 

Refuge, LA, USA 

Immature alligators moved greater distances than adults. 

Translocated animals moved 3 to 4 times more than non-

translocated and showed strong homing instincts. 

Joanen and 

McNease (1970) 
Radio 

Alligator 

mississipiensis 
5 

Rockefeller Wildlife 

Refuge, LA, USA 

Nesting females showed greatest movement during 

courtship and breeding period.  Minimum home range was 

6.4 - 41.0 acres. 

Joanen and 

McNease (1972) 
VHF 

Alligator 

mississipiensis 
14 

Rockefeller Wildlife 

Refuge, LA, USA 

Adult males exhibited high daily movements. Mean of 2411 

ft/day and a maximum distance of 27,750 ft/day.  Minimum 

home range was 452-12,560 acres. 

Taylor et al. 

(1977) 
VHF 

Alligator 

mississipiensis 
23 

Black Bayou Lake & 

Wham Brake Reservoir, 

LA, USA 

Minimum home range was 0.8-321 hectares for immature 

animals. 

Webb and Messel 

(1978) 

Mark 

Recapture 

Crocodylus 

porosus 
>1500 

Arnhem Land, Northern 

Australia 

Large movements of juvenile animals, possibly attributed to 

the habitat structure of the study site.  Translocated animals 

showed a homing instinct. 

Goodwin and 

Marion (1979) 

VHF & 

Visual 

Alligator 

mississipiensis 
9 

Newnan's Lake, 

Alachua County, FL, 

USA 

Adult alligators showed the largest movements in spring.  

Females were more sedentary throughout the year, with 

preference for swamp in summer for nesting. Males used 

open lake in spring & summer. 

Webb et al. 

(1983) 

Mark 

Recapture 

Crocodylus 

johnsoni 
Unknown 

McKinlay River Area, 

NT, Australia 

Most (83%) of the juvenile animals recaptured were within 

1 km of the initial capture location.  There was no 

difference in movement of males and females, but younger 

animals moved more than older animals 

Taylor (1984) VHF 
Alligator 

mississipiensis 
9 

Clear-Smithport Lake, 

DeSoto Parish, LA, 

USA 

Adult females daily movement rate ranged between 2.3-238 

m.   Minimum home range was 0.8 - 256 hectares. 

Rodda (1984) VHF 
Crocodylus 

acutus 
10 Gatun Lake, Panama 

Movement of juvenile animals showed relatively small 

home ranges generally around the nesting location. 

Ouboter and 

Nanhoe (1988) 
VHF 

Caiman 

crocodilus 
11 Northern Surname 

Problems with transmitter failure. Caiman followed the 

water levels in the creeks. Adult females remained near the 

same locale all year.  Long distance movements coincided 

with end of the rainy season. 

Hutton (1989) 

Mark 

Recapture 

and VHF 

Crocodylus 

niloticus 

100 (21 

VHF) 
Lake Ngezi, Zimbabwe 

Most animals were nocturnal, but adults occasionally 

moved during day. Adult females had relative small home 

ranges near prime nest locations. 

Kushlan and 

Mazzotti (1989) 
VHF 

Crocodylus 

acutus 
10 

Everglades National 

Park, FL, USA 

Mean activity area was 106 ha. Female activity into Florida 

Bay was related to nesting occurrence.  Females appeard to 

have 2 activity ranges. 
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Source 
Tracking 

Method 
Species N Location Findings 

Hocutt et al. 

(1992) 
VHF 

Crocodylus 

niloticus 
5 Lake Ngezi, Zimbabwe 

Movement of translocated animals showed exploratory 

behavior with no established home ranges. An adult female 

moved over 12 km after release, nested and then remained 

at site. A juvenile resident traversed 15 km of shoreline. 

Rootes & 

Chabreck (1993) 
VHF 

Alligator 

mississipiensis 
15 

Lacassine National 

Wildlife Refuge, 

Cameron Parish, LA, 

USA 

Adult females showed no difference between nesters (30%) 

and non-nesters in home range or daily movements. Home 

range and movements were greatest in the spring breeding 

season.  Mean annual home range 35.8 hectares. 

Tucker et al. 

(1997) 

Mark 

Recapture 

Crocodylus 

johnstoni 
742 

Lynd River & 

Fossilbrook Creek, 

Queensland, Australia 

Annual movement averaged less than 1 km except for 

pubescent males, which seem to be nomadic. Females 

normally remained near breeding sites even when not 

breeding. Linear home ranges were 0.6 km for mature 

females and 1.6 km for adult males. 

Morea et al. 

(2000) 
VHF 

Alligator 

mississipiensis 
31 Everglades, Florida 

Mean annual home range for males (122 hectares) was 

greater than females (36 hectares) and male alligators 

moved (167 m/day) more than females  

Munoz and 

Thorbjarnarson 

(2000) 

VHF 
Crocodylus 

intermedius 
8 

Capanaparo River, 

Venezuela 

Captive released males moved a considerable amount 1st 

month after release with the maximum distance moved of 

11.6 km after 4 months.  After initial movement, crocodiles 

became more sedentary. 

Kay (2004) VHF 
Crocodylus 

porosus 
16 

Ord River, Cambridge 

Gulf, Queensland, 

Australia 

Females had small core linear ranges 1.3 ± 0.9 km during 

the dry season, but moved up to 62 km for nesting in the 

wet season, then returned to same core area the next dry. 

Males moved considerable distances the entire year. 

Weerd et al. 

(2006) 
VHF 

Crocodylus 

mindorensis 
3 

Northeast Luzon, 

Philippines 

Adult female animal movement rate was 0.04 km/day and 

had a home range of 79 hectare (95% KDE), which was 

small than the subadult female (110 hectares). 

Read et al. (2007) Satellite 
Crocodylus 

porosus 
3 

Cape York Peninsula, 

Queensland, Australia 

Translocated adult male animals returned back to capture 

site after spending time at release site. They travelled 

distances of 56, 99 and 411 km of coastline for return trips. 

Brien et al. (2008) VHF 
Crocodylus 

porosus 
13 

Seven Mile Waterhole, 

Lakefield National 

Park, Queensland, 

Australia 

Animals occupied larger home ranges during late dry/mid-

wet season 10.64 ± 2.86 hectares, than the dry season 3.20 

± 1.02 hectares. Males had larger home ranges than 

females, 23.89 ± 2.36 ha compared to 5.94 ± 1.34 ha in the 

late dry/mid wet, with no difference in the dry season. 

Strauss et al. 

(2008) 

VHF & 

GPS 

Crocodylus 

niloticus 

15 (13 

VHF, 2 

GPS) 

Flag Boshielo Dam, 

Mpumalanga, South 

Africa 

Showed not to mount radio transmitters on animals' tails 

with 80% failure, and 60 % broke off of tail. 
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Source 
Tracking 

Method 
Species N Location Findings 

Subalusky et al. 

(2009) 
VHF 

Alligator 

mississipiensis 
21 

Ichauway, Baker 

County, GA, USA 

Sub-adult animals showed movement overland to wetlands 

and creek areas, some remained where captured. One out of 

three adult females stayed in wetland of capture.  The other 

two moved from the creek to wetlands for 1-3 months then 

back to the creek. All adult males stayed in the creek or 

river of capture with no movement overland. 

Lang and 

Whitaker (2010) 
VHF 

Gavialis 

gangeticus 
10 Chambal River, India 

Seasonal movements averaged 9.6 km, but had relatively 

short transits.  Animals had individually distinct residency 

patterns. 

Rosenblatt and 

Heithaus (2011) 
Acoustic 

Alligator 

mississipiensis 
16 

Shark River Estuary, 

Everglades National 

Park, FL, USA 

Adult male alligators show individual movement patterns - 

13% remained in mid-estuary habitat, 56% travelled from 

mid or upper estuary to downstream (more saline) habitat, 

31% travelled from mid-estuary to upstream (less saline) 

habitat. 

Lance et al. 

(2011) 

Mark 

Recapture 

Alligator 

mississipiensis 
286 Southwest Louisiana 

Distance moved ranged from 0.3 to 90.2 km.  Smaller 

alligators moved greater distances than larger alligators and 

the longer the time between captures, the greater the 

distance moved. 

Wang et al. 

(2011) 
VHF Alligator sinensis 3 Anhui Province, China 

Animals had overlapping home ranges.  Introduced male 

had slightly larger home range than introduced female. 

Campbell et al. 

(2013) 
GPS 

Crocodylus 

porosus 
12 

Cape York Peninsula, 

Queensland, Australia 

Adult females animals showed long distance movement to 

nesting locations. Males exhibited two behavior patterns - 

site fidelic and nomadic. 
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