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Riverine turtles in blackwater streams are generally understudied, but their populations are 

declining due to numerous anthropogenic factors. In 2007, I studied a population of the 

Suwannee Cooter (Pseudemys concinna suwanniensis), a turtle endemic to Florida, in the spring-

fed tannic Santa Fe River. I found an abundant and healthy population of 32 individuals / ha, 

including all size classes. I obtained thermal profiles of 10 free-ranging individuals using 

miniature dataloggers. I failed to detect differences in thermal preference based on sex, but 

gathered support for the hypothesis that even in thermally stable and warm aquatic environments, 

aerial basking has thermoregulatory significance for the Cooters. Pronounced individual 

variation was evident in movement patterns: some individuals covered long distances quickly 

(more than 5 km in 7 days) while others maintained limited home ranges of less than 200 m. 

Limited paddle boating had no detected effects on the population. Continued and long-term 

research and monitoring will provide more needed biological information to be used in better 

conservation management. Not exceeding the existing levels of river use and banning the take of 

freshwater turtles should provide protection to the population.
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CHAPTER 1 
GENERAL INTRODUCTION 

River-inhabiting turtles are generally understudied (reviewed by Moll & Moll 2004), but 

their often large population sizes suggest that they are important for the proper functioning of 

riverine ecosystems (Iverson 1982; D. Jackson & Walker 1997). Currently, turtle populations 

worldwide face numerous challenges to survival caused by humans (Rhodin 1999). Some 

examples include human-made physical changes of river flow for management purposes (Bodie 

2001), unsustainable harvest for food, medicinal purposes, or the pet industry (Gibbons et al. 

2000), and indirect effects of human recreation (Sajwaj & Lang 2000; Moore & Seigel 2006). 

These threats apply to a great extent for the species-rich blackwater rivers, which are widely 

distributed throughout the southeastern United States. 

Project Objectives 

In this study, I tested the applicability of miniature temperature dataloggers (iButtons) for 

obtaining ecological data and quantifying responses to human disturbance of free-ranging 

Suwannee Cooters (Pseudemys concinna suwanniensis) during the primary activity season. I 

provide an estimate of relative abundance and life stage distribution, and examine macrohabitat 

use and movement patterns in an understudied habitat. I hypothesized that turtles react to 

increased human disturbance by decreasing basking times, which would be reflected in thermal 

profiles recorded using iButton data loggers. Such information will facilitate a broader 

understanding of the risk-disturbance hypothesis (Frid & Dill 2002) in a conservation-related 

context for a long-lived aquatic reptile, and provide for better planning and management of 

riverine turtles. 
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Review of Risk-Disturbance Hypothesis  

The risk-disturbance hypothesis states that anti-predator behavior has costs to other 

activities and that disturbance stimuli are treated in a similar manner as predation risk (reviewed 

in Frid & Dill 2002). Both costs and risks include an optimization of trade-offs that follow 

economic principles and try to minimize perceived risk of mortality at the cost of missed 

opportunity and loss of resources. Frid & Dill (2002) argued two important points: 1) even 

though predator-specific anti-predator behaviors exist and some human disturbances are 

evolutionarily too recent to have generated such specific behaviors, generalized threatening 

stimuli are also present (Dill 1974a, b); 2) habituation to disturbance is only partial because 

animals tend to overestimate rather than underestimate risk (i.e., if risk is underestimated, 

mortality may occur), and might even show increased anti-predator behavior. Studies of 

responses to disturbance of various taxa have detected changes in feeding habits, habitat use, and 

time allocated when caring for young (waterfowl: Gill et al. 1996; Rodgers & Schwikert 2002; 

marine mammals: Constantine et al. 2004; King & Heinen 2004; large terrestrial game species: 

Stockwell et al. 1991). More importantly, such changes in behavior can lead to reduced 

population sizes (Gill et al. 1996; Beale & Monaghan 2004).  

In contrast, a strong case has been made recently that behavioral responses to disturbance 

are not indicative of the consequences of disturbance: healthier individuals with more options for 

retreat sites might incur lower costs for disturbance avoidance and therefore exhibit stronger 

responses (Gill et al. 2001; Beale & Monaghan 2004). Thus, behavioral responses such as fleeing 

distance per se might be misleading and their interpretation should be treated with caution, 

especially if not combined with studies on population biology. 
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Reptile Body Temperature and Thermoregulation 

Only a few cases have been recorded in which reptiles can substantially increase their body 

temperature (Tb) physiologically over the surrounding environmental temperature. Adult 

Leatherback Sea Turtles (Dermochelys coriacea) benefit from their large surface to volume ratio 

and store metabolic heat (Frair et al. 1972). Brooding female Burmese (Python molurus 

bivittatus) and Indian Rock Pythons (P. m. molurus) utilize muscle shivering to heat their egg 

clutches (Hutchison et al. 1966). 

Apart from such exceptions, many reptiles are capable of using fluctuating microhabitat 

conditions to maintain optimum Tb, different from environmental temperature (Cowles & Bogert 

1944; Dorcas & Peterson 1997). Still, because of the high costs of maintaining elevated Tb, many 

small and/or aquatic reptiles are thermoconformers that select microhabitats without regards for 

temperature (e.g., Brisbane River Turtle, Emydura signata, Manning & Grigg 1997; Spiny 

Softshell, Apalone spinifera, Plummer et al. 2005). 

Since ectotherm ecology is greatly influenced by Tb, some animals might be selecting for 

optimal temperatures (Gatten 1974; but see Huey 1982). Tb directly affects activity, metabolism, 

and growth (Huey 1982; Cossins & Bowler 1987; Congdon 1989). Therefore, Tb is highly 

correlated with many behavioral, physiological, reproductive, and developmental variables, and 

directly influences such fitness variables as susceptibility to predation, reproductive effort, 

energy balance, survivorship, habitat utilization, and patterns of distribution (Peterson et al. 

1993; Zimmermann et al. 1994). Other benefits of increased Tb are rapid development of 

oviductal eggs, more successful elimination of external parasites, the promotion of vitamin D 

synthesis by the skin, and accelerated rates of digestion (Kenyon 1925; Cagle 1950; Pritchard & 

Greenhood 1968; Gatten 1974; Harlow et al. 1976; Vogt 1979; Parmenter 1981; Whittow & 

Balazs 1982; Hammond et al. 1988; Avery et al. 1993; Swimmer 1997). 
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Turtles regulate their Tb both by means of physiological and behavioral responses to 

achieve preferred levels (Hutchison 1979). Behavioral responses include two forms of basking 

amongst emydid turtles (sensu Moll & Legler 1971): aquatic basking (floating just below the 

surface of the water) and atmospheric basking (sitting on an object out of water, exposed to the 

sun). Under favorable conditions, atmospheric basking leads to higher Tb than aquatic basking 

(Moll & Legler 1971; Auth 1975; Standora 1982). At least for Painted Turtles (Chrysemys picta) 

and likely other aquatic turtles, thermoregulation seems to be the primary factor influencing 

basking behavior (Crawford et al. 1983). 

In addition to thermoregulation, basking provides other benefits to turtles. Basking might 

eliminate epizoic algae (Neill & Allen 1954), help decrease leech loads (Ryan & Lambert 2005), 

as well as allow the turtle to rest (Cagle 1950). However, basking also has certain costs to the 

organism. For example, aerial basking decreases time available for foraging, while increasing 

certain metabolic demands and the risk of encountering certain types of predators (Huey & 

Slatkin 1976). 

Human Disturbance to Basking Turtles 

Humans and their activities have been demonstrated to be a major cause for herpetofaunal 

declines, largely through habitat loss and degradation (Gibbons et al. 2000). Additionally, direct 

mortality on roads caused by vehicular traffic, and the potential for impacts to the population 

away from the road, have been well documented (Dodd et al. 2004; Steen & Gibbs 2004; Aresco 

2005; Steen et al. 2006). Sometimes artificial structures such as railroad ties and rails lead to 

individual mortality and fragment habitats (Kornilev et al. 2006). Diamondback Terrapin 

mortality (Malaclemys terrapin) has been linked to drowning in unchecked crab traps (Bishop 

1983; Roosenburg et al. 1997; Dorcas et al. 2007). Increases in human recreation rapidly and 
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negatively impacted two “protected” Wood Turtle (Glyptemys insculpta) populations, 

presumably as people collected them for pets (Garber & Burger 1995). 

More recently, indirect negative effects of human activity on animal behavior have been 

recognized. As human population in Florida multiplies at an alarming rate (the 18.5 million of 

2007 are predicted to double by 2050), animals, including turtles, will have to cope with 

increased human disturbance caused by nature photographers, recreational hikers, boaters, and 

others. 

Although all turtles bask occasionally, the emydid turtles of North America (particularly 

the genera Chrysemys, Graptemys, Pseudemys, and Trachemys) are especially conspicuous, 

primarily due to lengthy basking at visible locations, often along rivers where human recreational 

activities are frequent. Apart from direct impacts such as malicious shooting at turtles 

(“plinking”; Ernst et al. 1994) and consumption by humans for food (Moll & Moll 2004), 

insufficient information is available concerning indirect impacts of human recreational activities 

on riverine turtles. Basking turtles readily plunge back into the water when approached by 

humans (Boyer 1965), and the risk-disturbance hypothesis suggests that chelonians should 

perceive humans as direct threats. A recent study supports the hypothesis that human recreational 

activities, such as boating, negatively influence the time spent basking by Yellow-blotched Map 

Turtles (Graptemys flavimaculata; Moore & Seigel 2006). Sajwaj & Lang (2000) warned that 

fishing and boating caused frequent disturbances to basking Blanding’s Turtles (Emydoidea 

blandingii). Moore & Siegel (2006) suggested that the low frequency of multiple clutches in G. 

flavimaculata is due to decreased Tb. Furthermore, the increase in human-oriented river use 

might lead to clearing of driftwood and logs (termed snag removal), thus decreasing potential 

basking sites and increasing predation risk (Grayson & Dorcas 2004). A significant correlation 
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between the availability of woody debris and turtle densities has been demonstrated in multiple 

studies, with rapid population declines following debris removal for river “improvement” (Dodd 

1990, Fuselier & Edds 1994, Vandewalle & Christiansen 1996, Reese & Welsh 1998, Lindeman 

1999, Bodie 2001). 

The Ecology of Suwannee Cooters 

The River Cooter (Emydidae: Pseudemys concinna) is a widespread riverine turtle in the 

USA. Endemic to the Panhandle and northern Florida, the subspecies P. c. suwanniensis (the 

Suwannee Cooter; for taxonomic justification and review see D. Jackson 2006 and citations 

therein) is among the largest emydids in North America with straight carapace lengths of up to 

44 cm and masses greater than 10 kg (Pritchard 1980; D. Jackson & Walker 1997).  

The Suwannee Cooter is a fast and strong swimmer, inhabiting rivers and associated lakes 

and impoundments. The Cooter is almost a strict herbivore (Lagueux et al. 1995) and does not 

seem to be attracted to bait such as cut fish and chicken livers typically used for capture of 

carnivorous species. However, it is easily observed in large numbers since it tends to spend 

extensive time basking on logs. 

The major contributions to our knowledge of this subspecies can be found in the following 

articles and citations therein: a recent extensive species account (D. Jackson 2006), population 

size, demographic structure, and growth (Marchand 1942; C. Jackson 1970; Meylan et al. 1992, 

Huestis & Meylan 2004), reproduction (C. Jackson & M. Jackson 1968; D. Jackson 1988; D. 

Jackson & Walker 1997), courtship (C. Jackson & Davis 1972), and feeding (Lagueux et al. 

1995; Bjorndal et al. 1997). 

Although not as extreme as turtles in the genus Graptemys (Map Turtles), P. c. 

suwanniensis exhibits pronounced sexual dimorphism, with mature females ca. 40–50% longer 

and ca. 200–300% heavier than males (D. Jackson 2006). Sexually mature males are recognized 
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by their elongated foreclaws, longer precloacal tail lengths, and more streamlined shells. Both 

sexes have narrow-lined markings on the head and neck region, almost completely black legs 

and carapaces, melanistic anterior plastral seams, and individually unique dark blotches and 

spotting on the yellowish underside of the marginal scutes and the plastron (Fig. 1-1). 

Even though the range of P. c. suwanniensis is limited to northern Florida, it can be locally 

abundant. The Suwannee Cooter can be an important part of the trophic web and can attain large 

population sizes and densities of around 390 kg per km of river or 48 kg per ha surface water of 

mature female turtles, and up to 434 kg of annual reproductive biomass production per female 

(D. Jackson & Walker 1997). 

Historically, the Suwannee Cooter, colloquially known as “Suwannee chicken”, has 

undergone intensive unsustainable harvest for human consumption at some localities (Carr 

1983). As of 2008, legal take of turtles is only restricted by a bag limit of two turtles per day per 

person and a closed harvest season during nesting, from April 15 to July 31 (D. Jackson 2006). 

Although less common than in the past, isolated events of heavy consumption of Pseudemys sp. 

are still a threat to populations. In 2004, remains of at least 170 turtles were found in north-

central Florida, with 95% belonging to P. c. suwanniensis; presumably, only one family was 

responsible for this mass turtle consumption (G. Heinrich, pers. comm.). Typical for turtles, P. c. 

suwanniensis is a long lived species (estimates of more than 25 years), with unpredictable 

juvenile mortality compared to high adult survivorship, late maturity (12–16 years for females), 

iteroparity, and small annual reproductive effort (D. Jackson & Walker 1997; D. Jackson 2003). 

It has been established for some turtles that even minimal take, especially of adult females, can 

lead to rapid population declines (Dodd 1988; Congdon et al. 1994; Tucker & Moll 1997). 
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Because of its restricted range and past exploitation, the Suwannee Cooter is a Species of 

Special Concern (Wood 1996) and its conservation status is S3 (rare to uncommon, Buhlmann & 

Gibbons 1997). Furthermore, P. c. suwanniensis has been identified as a Species of Greatest 

Conservation Need in Florida (FFWCC 2005). However, currently there is inadequate attention 

to regulation and enforcement, which hinders the conservation of this amiable turtle.  

Description of the Habitat and Study Site 

The field study was conducted between 15 May 2007 and 13 October 2007 at the lower 

Santa Fe River along the border of Alachua and Columbia counties, north-central Florida, USA 

(ca. 29°50’N, 82°42’W). I recorded 51 field days specifically for this study, for approximately 

400 hours of observations. Originating in the Santa Fe and Alto lakes and their associated 

swamps, the Santa Fe River disappears underground for 4.6 km at O’Leno State Park (OSP). The 

river emerges as a 1st order magnitude spring 3 km upstream from the US Highway 441 (US 

441) bridge, at “the Rise” in River Rise Preserve State Park (RRPSP). The study focused on the 

3.4 km reach downstream from the US 441 bridge, but included information gathered upstream 

to the Rise (Fig. 1-2, 1-3). 

Throughout the study site, the riverfront is comprised of a mosaic of land owned by 

RRPSP and private individuals. The OSP and the connected RRPSP and McCall Park are the 

largest public protected areas along the Santa Fe River; other protected areas include the nearby 

Santa Fe River Ranch upstream from OSP, and Poe Springs Park, Ichetucknee and Santa Fe 

Springs Conservation Area, Fort White Mitigation Park Wildlife and Environmental Area and 

Ichetucknee Springs State Park downstream from RRPSP.  

RRPSP encompasses 736 hectares and, with OSP, includes 18 distinct natural communities 

as defined by the Florida Natural Areas Inventory (FNAI). An excellent resource with exhaustive 

information on the history and physical characteristics of the park and the river is the current 
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“OSP and RRPSP Unit Management Plan” from 2003; the next plan will not be ready before 

2010–2012 (V. Tyrone, pers. comm.). 

During normal conditions, the Santa Fe River in the study area is a blackwater stream with 

almost zero visibility due to high tannin concentrations. Although the river is fed by many 

springs before it drains into the Suwannee River, the entire Suwannee drainage is strongly 

affected by seasonal precipitation patterns. Thus, droughts during 2006–2007 throughout south 

Georgia and north Florida resulted in an abnormally low river levels and greatly decreased tannin 

loads. Throughout the field site the water clarity varied between murky to crystal clear (visibility 

of 1.5 – 10 m) depending on proximity to springs, bottom substrate, surface vegetation, and algal 

blooms. These non-normal conditions allowed underwater observations and snorkeling as a 

capture technique (introduced as “goggling” by Marchand 1945a). 

Water depth varied throughout the study site, but did not fluctuate substantially through 

time (Fig. 1-4, 1-5). The current was slow and consistent throughout the study site, except in a 

few narrow and shallow channels and riffles 450 m downstream from the SFCO. The river width 

was ca. 40 m throughout most of the river, but varied locally from 25 to 85 m. 

Slight elevation gradients and occasional river flooding sometimes resulted in one bank of 

the river being low with a gentle slope, while the opposite shore would rise abruptly for 5 m, 

sometimes after a narrow 0.5 – 2.0 m deep beach. Because of such physiographic differences 

within the vicinity of the study site, the Santa Fe River flows through four Florida Natural Area 

Inventory (FNAI) communities: predominantly floodplain forest and floodplain swamp 

surrounded by upland mixed forest, and a patch of bottomland forest. Bald-cypress (Taxodium 

distichum) often grew to the water level, and several species of pines (Pinus spp.) and oaks 
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(Quercus spp.) formed parts of the canopy. Saw palmetto (Serenoa repens) was often found in 

the understory. 

Within the river, the dominant floating vegetation consisted of water pennywort 

(Hydrocotyle sp.), small duckweed (Lemna valdiviana), water spangles (Salvinia minima), and 

the introduced water hyacinth (Eichhornia crassipes). Subsurface vegetation included eel grass 

(Vallisneria americana), strap-leaf sagittaria (Sagittaria kurziana), and the non-native hydrilla 

(Hydrilla vericillata) and parrot feather (Myriophyllum aquaticum). Turtles used this vegetation 

for food and refuge. 

Taking of any wildlife, including turtles, from the OSP/RRPSP is prohibited. Although a 

few visitors to the park commented on having eaten turtle meat in the past, I did not observe any 

instances of humans extracting turtles from the river. 

The turtle community in the study site appeared to be overwhelmingly dominated by the 

basking emydid P. c. suwanniensis, with the Yellowbelly Slider (Trachemys s. scripta) also 

being common. Alligator Snapping (Macrochelys temminckii), Loggerhead Musk (Sternotherus 

minor), and Florida Softshell (Apalone ferox) turtles were also detected, but are much more 

difficult to sample due to their behavior. Other native chelonian species included the Striped 

Mud Turtle (Kinosternon baurii), Common Snapping Turtle (Chelydra serpentina), Florida 

Redbelly (P. nelsoni), and Florida Cooter (P. floridana), but these were uncommon to rare. Only 

two non-native Red-eared Sliders (T. s. elegans) were observed during the field season, but 

several potential T. s. scripta x T. s. elegans hybrids suggest the non-native species might be 

encroaching in northern Florida (e.g., Aresco & D. Jackson 2006). 

The extreme drought and thick aquatic vegetation resulted in the river being impassable 

except for light paddle boats (canoes and kayaks) just downstream from the public ramp next to 
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US 441 bridge. Immediately after the end of the study site (about 3.5 km downstream from the 

US 441 bridge and 1.5 km upstream from the US 27 bridge), the river subsequently flowed 

through a short but shallow (~20 cm deep) section and then completely dried for 50–100 m, 

requiring boats to be portaged (Fig. 1-5). This condition resulted in lower than usual numbers of 

predominantly paddle boats upstream from the US 27 bridge. 

The land between the Sink at OSP and River Rise is a natural barrier that minimized turtle 

dispersal; downstream just past the study site, the dry river bottom and high water temperatures 

(Twater) reaching 35°C might have deterred the strictly aquatic turtles from dispersing 

downstream, at least during warmer days. The river Twater at the springs is almost a constant 22°C 

year-round (Hornsby & Ceryak 1998). However, the rest of the river is thermally heterogeneous. 

Downstream from the Rise, Twater fluctuated both on a daily and monthly basis (Fig. 1-6) and 

often increased further downstream by as much as 8°C between the beginning and the end of the 

field site. Twater decreased with increasing depth, increased substantially on the surface of 

vegetation mats, and decreased close to springs. 

Heavy rains in mid-October 2007 caused an overnight shift in river conditions, returning 

them to a state close to normal. The river level increased temporarily, and the increased tannic 

load resulted in practically no underwater visibility, leading to a termination of the study.
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Figure 1-1. Typical P. c. suwanniensis male (top) and female courting in a spring in the Santa Fe 
River. Note the sexual size dimorphism and adaptations for aquatic existence, such as 
webbed feet and streamlined hydrodynamic carapace. 
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Figure 1-2. Satellite image of the study site and the surrounding area. The Santa Fe River disappears underground at River Sink at 
OSP (O’Leno State Park; blue boundary), and reemerges at River Rise at RRPSP (River Rise Preserve State Park; red 
boundaries). The Columbia Co. (north) - Alachua Co. (south) border generally follows the river channel. US Highway 441 
passes through the town of High Springs, situated south of the Santa Fe River. 
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Figure 1-3. Satellite image of the study site at the Santa Fe River. S01-S16 denote beginning 

points of the 16 sections of the study site. “Shallow” and “Riffles” denote locations in 
the river that impeded boat traffic. “Public ramp” and “SF Canoe Outpost” are the 
two publicly accessible boating ramps. “H1” and “H2” (next to S06 and S09, 
respectively) are the locations of the two environmental temperatures dataloggers. 
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Figure 1-4. Santa Fe River’s daily recorded water level in relation to sea level at the two closest 

stations to the study site, 2001–2007. A) O’Leno Station. B) US Highway 441 
Station. For comparison, when depths are ca. 9 m at the US Highway 441 Station, the 
river is almost dry at the public boat ramp. Data provided by Suwanee River Water 
Management District and USGS. 

A 

B 
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Figure 1-5. Representative study site mid-river depths at 50 m intervals (closed circles). 

Measurements were taken on 6 August 2007, but remained similar throughout the 
study. Study site sections were downstream from US 441 bridge (refer to Fig. 1-3). 
The empty circle denotes an unknown depth of more than 6.5 m. 
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Figure 1-6. Santa Fe River mean daily Tair and Twater (± 1 SD). A) Tair. B) Twater. Data obtained 

from two automated dataloggers at the field site. Missing data are from days of heavy 
rain that precluded access to the dataloggers.

A 
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CHAPTER 2 
USE OF DATALOGGERS (IBUTTONS) TO OBTAIN THERMAL PROFILES OF FREE-

RANGING TURTLES 

Introduction 

Most poikilothermic animals often use behavioral methods to regulate their body 

temperature (Tb; Cowles & Bogert 1944). Tb has profound impacts on reptilian physiology and 

behavior (Cossins & Bowler 1987). However, evidence suggests that reptiles do not always try to 

maintain high Tb in order to optimize physiological requirements (Shine & Madsen 1996). 

Traditionally, collecting physiological data on free-ranging animals has been a challenge. 

Temperature sensitive radio transmitters have provided insights into the thermal ecology of 

reptiles, but these techniques are often logistically time-consuming and expensive (Beaupre & 

Beaupre 1994; Zimmermann et al. 1994; Manning & Grigg 1997; Dorcas & Peterson 1998; 

Blouin-Demers & Weatherhead 2001; Whitaker & Shine 2002; Pearson et al. 2003). 

The use of automated temperature datalogging in wildlife and ecological studies is 

increasing in popularity because of decreases in cost, increases in data storage capacity and 

precision, miniaturization, and unobtrusive attachment. Dataloggers have been used to record 

temperatures of free-ranging turtles, their nests, and hibernacula (Mueller & Rakestraw 1995; 

Sajwaj & Lang 2000; Dall’Antonia et al. 2001; Nussear et al. 2002; Plummer et al. 2005). 

Some of the latest dataloggers provide even further miniaturization and opportunities for 

studies of free-ranging individuals. iButtons are tiny chips enclosed in an aluminum casing, 

combining extremely low energy requirements, high durability, and simple interface for data 

transfer. They have wide applications for industrial uses such as access control to buildings and 

computers, asset management, and data logging tasks. As temperature dataloggers, they are 

widely used in healthcare, food safety, and asphalt curing (www.iButton.com). Lately, however, 

http://www.ibutton.com/�
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they have been employed in ecological research (Angilletta & Krochmal 2003; Robert & 

Thompson 2003; Grayson & Dorcas 2004; Hester et al. 2008). 

In this study, I used iButtons to determine the thermal profile of a large free-ranging 

riverine emydid turtle (Suwannee Cooter, Pseudemys concinna suwanniensis) endemic to 

northern Florida and often abundant in spring-fed and tannic blackwater streams. My objective 

was to assess the feasibility of using dataloggers to accurately estimate details related to basking, 

as well as provide ecological data on the behavior of a turtle in a expectedly relatively constant 

temperature water body. 

Materials and Methods 

I conducted the study in the typically blackwater Santa Fe River downstream from the 

River Rise in north-central Florida between 15 May and 13 October 2007. Although most of the 

field observations were carried out downstream from US Highway 441 bridge (US 441), turtles 

infrequently were surveyed and observed upstream as well. Droughts in 2006–2007 resulted in 

low water conditions and unusual clarity. The river water temperature (Twater) at the springs is an 

almost constant 22°C year-round. However, downstream from the Rise, the river was thermally 

heterogeneous. Twater fluctuated on a daily and monthly basis (Fig. 1-6) and the subsurface 

temperature increased further downstream by as much as 8°C between the beginning and the end 

of field site. Twater decreased with increasing depth, increased substantially on the surface of 

vegetation mats, and decreased close to springs. 

Basking sites were abundant. I measured more than 130 basking sites of various sizes 

throughout the 3.4 km downstream from US 441. Turtles were observed basking in large groups 

in vegetation mats that obtained Twater higher than in the surrounding water. Therefore, turtles 

were not limited in their opportunity to thermoregulate throughout most days of observation. 
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Forty-eight adult (>200 mm straight carapace length [CL]) and two subadult P. c. 

suwanniensis (> 120 mm CL) were captured by snorkeling from 18 to 23 May 2007 (Fig. 2-1). 

Captures occurred in the one km stretch of river ca. 800 m downstream from the US 441 bridge. 

CL was measured to the nearest mm, weight to the nearest gram, and sex was determined. 

Turtles were uniquely marked by drilling holes in their marginal scutes and by applying oil-

based paint on the dorso-lateral side of the carapace. Additional details are provided in Chapter 4 

and Fig. 2-3. 

I equipped each turtle ex situ with an automated temperature datalogger (iButton, model 

DS1922L, height 6.4 mm x radius 8.68 mm, weight 3.12 g; Maxim Integrated Products, 

Sunnyvale, CA). This high capacity iButton records 8192 temperature readings ranging between 

-40°C and +85°C, with an accuracy of ±0.5°C. The iButtons are programmable through freely 

available software (One Wire Viewer Demo; Dallas Semiconductor, Dallas, TX). I set the 

iButtons to collect data at a 10-min interval for a total of just over 56 days, starting on 19–24 

May and ending 15–19 July 2007. I programmed each iButton to start recording at least 24 h 

after capture and attachment in order to allow the turtles to resume their normal behaviors. 

Temperature measurements were asynchronous between turtles, and assignment of iButtons to 

turtles was random. 

I modified the method for iButton attachment from Grayson & Dorcas (2004). In the 

laboratory, each iButton was programmed and affixed to the middle of a 6 mm wide black plastic 

UV-resistant zip tie with a thin wire. I applied three layers of a black plastic coating (tool dip) for 

water-proofing and to mimic the black shell color of P. c. suwanniensis; each layer dried for 

approximately 30 min (Fig. 2-2). 
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I attached iButtons by drilling two 7 mm holes in the marginal scutes above the right hind 

leg. To minimize stress to the animals, the holes also were used for individual marking of turtles 

(Fig. 2-3). The zip tie was passed through the two holes, and the extra zip tie was removed. To 

minimize handling time, no additional coating was applied in the field (in contrast to Grayson & 

Dorcas 2004), since the coating used requires at least 30 min to dry and is toxic in its liquid 

form. Turtles were measured, marked, and released close to the point of capture within 1 h. 

Except for two individuals (#1133 and #1149) I opportunistically captured on 16 June 

2007 in order to redo the paint numbers, I recaptured turtles after the iButtons stopped collecting 

data. Between the end of July and mid-October, I recaptured turtles predominantly in a section of 

the river 2.5 km downstream from US 441 because I had observed the most turtles there. Field 

work was terminated in mid-October, when rains increased tannin concentrations and made 

snorkeling impossible. 

The mean weight of the water-proofed iButtons was 5.51 g (n = 10); the mean weight of 

turtles equipped with an iButton, excluding the two lightest turtles (600 g and 820 g), was 3513.5 

g (range: 1315–6900; SD: 1814.4; n = 48). 

Turtles fitted with TiButton were representative of the general size-distribution of all 

captured turtles (Fig. 2-1) and could be separated into four distinct classes. Four large females 

(#1109, #1140, #1145, and #1151) had CL ca. 340 mm and weighed ca. 5.5 kg. Three females 

(#1133, #1137, #1152) had CL ca. 235 mm and mass ca. 2.0 kg; a male (#1245) with CL of 240 

mm had a mass of 1.6 kg. A large male (#1122) had CL of 280 mm and mass of 2.6 kg. The 

subadult (#926) measured 165 mm and weighed 0.6 kg. 

Two HOBO automated dataloggers (HOBO H8-002-02 Temp/External, Onset Computer 

Corporation, Bourne, MA) were used to collect air temperature (Tair) and Twater. HOBOs were 
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concealed on the shore next to the river at locations 1150 m and 1760 m downstream from the 

US 441 bridge (Fig. 1-3). I set them to record shaded Tair and Twater every 5 min between 20 May 

and 3 August 2007; rain precluded obtaining the data for 1–5 June 2007. 

To protect the HOBO dataloggers from rain and animals, I covered them with a layer of 

clear wrap, and taped them to the inside of cut-in-the-middle 1.5 L plastic bottles. I positioned 

them on trees at a height of 1 m under shade and made numerous cuts in the plastic bottles in a 

way that excluded water but provided ample ventilation. Twater was measured next to the shore 

with an external sensor (TMC20-HD, 6 m cable), placed at 0.5 m depth. A 3.3 m PVC pipe, with 

a diameter that snugly fit the opening of the bottle, served to protect the cable. 

I made opportunistic visual observations of turtles between May and August. For identified 

individuals, I recorded time, whether the turtle was in the water or basking and, if applicable, 

when it terminated basking. Visual observations were made mostly in the 3.5 km river stretch 

downstream from US 441, but surveys were also conducted in the 3 km upstream to River Rise. 

I combined iButton and environmental temperatures and created graphs of high resolution 

for each turtle so that I could discriminate between two consecutive data points. For each known 

time of visual observation, I attempted to describe the activity of the turtle within the habitat 

(basking, underwater, or diving) based on the graphed data. 

Prior to field work, I conducted an experiment ex situ to examine the correlation between 

Tb and iButton temperatures (TiButton). I used the same methodology of iButton set up and 

attachment as for the field observations. I attached an iButton to a male turtle weighing 1500 g 

and a female weighing 3800 g. I placed the turtles in separate cattle tank containers filled with 

flowing water of constant 22°C, with heat lamps overhead. Every 10–20 min, I removed each 

turtle for ca. 30 sec and approximated Tb by inserting a quick-read digital thermometer 6 cm into 
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the cloaca. Initially, I left the turtles in the water for 45 min until their Tb equalized with Twater. I 

simulated basking by placing the turtles in dry bins underneath the heating lamp for 1.5 h. 

Afterwards, I returned the turtles to the cattle tanks with flowing water for 50 min, and then 

again put them in the bins and heated them for 1.5 h. I observed no signs of discomfort caused by 

overheating. 

Statistical tests were performed using R (v. 2.6.2, RDCT 2008). I performed a Tukey 

multiple comparisons of means 95% confidence level test to compare individual turtles’ overall 

mean TiButton. I created boxplots using R, comparing individuals using the complete dataset, as 

well as separating them by time of day (“daytime”: 08:00–20:00 h; “nighttime”: 20:00–08:00 h). 

If the notches of the boxplots overlapped, I considered this strong evidence that the medians did 

not differ (Chambers et al. 1983). Since data were skewed to the left, I consider medians more 

informative than means. 

Unless otherwise specified, α = 0.05 for all statistical tests and standard deviation is 

presented as ±1 SD. 

Results 

During the ex situ experiment, the two turtles’ Tb and TiButton followed closely Twater after 

an initial period of acclimation. For both turtles, TiButton increased almost instantaneously by 

20°C when I initiated the simulated basking. Tb increased gradually and in 1.5 h had only risen 

by ca. 10°C. Although different in size, turtles heated at a similar rate. Likely due to differences 

in media conductivity, both turtles cooled faster than they heated, with a rapid drop of TiButton and 

Tb immediately after being placed in colder water. The female, which was more than 2.5 times 

heavier than the male, cooled down slightly slower. Even coated, the TiButton corresponded to 

changes in the environmental temperatures resulting from moving the turtles between air and 

water in order to record Tb, but did not always follow Tb closely (Fig. 2-4). 
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In situ, I recaptured 12 individuals (3 ♂, 8 ♀, 1 subadult). I removed only 11 iButtons, 

because female #1149 was not recaptured after the iButtons had recorded to capacity. The 

iButton on a male (#1134) failed due to unknown reasons and no data could be retrieved. The 

iButton on female #1151 stopped recording at ~95% of its capacity. Upon downloading, three 

other iButtons (#1122, #1137, #1245) had internal clocks that differed from real time by 10–100 

hours. According to Maxim technical support staff, intrusion of water inside the casing can lead 

to internal clock oscillation changes and produce offsets from real time without impacting 

temperature readings. I visually inspected all the iButton data and compared it with 

environmental data, but could not detect any abnormalities; therefore, errors with the clock most 

likely occurred after all of the data were recorded. I obtained 564 complete days of iButton data 

with more than 81,000 temperature readings. 

Since the datalogger was less than 1% of the weight of the smallest turtle and less than 

0.5% of the mean weight of adult turtles, its effects on turtle’s behavior were likely limited, if 

any. Furthermore, I did not detect changes in turtle behavior caused by iButtons during multiple 

sightings in the field, and I observed turtles courting, feeding, swimming, and basking. 

Although turtles were originally captured close to the HOBO dataloggers, some turtles 

moved long distances up and down stream. For example, female #1145 was recaptured 2.3 km 

upstream from her original capture location (Chapter 4). Furthermore, often in the afternoons a 

Twater was 2–10°C warmer at the end of the field site than at the beginning. Therefore, Twater can 

only be used as an approximation to the environmental temperatures that some turtles 

experienced. 

A representative sample of four days (17–21 June 2007), comparing TiButton of the subadult 

turtle (#926) and environmental temperatures from the two HOBO dataloggers, demonstrates 
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some trends obtained for all turtles (Fig. 2-5). Turtles often initiated aerial basking around 8:00–

9:00 h in the morning. Aerial basking was strongly dependent on the difference between Tair and 

Twater, and was often initiated almost immediately after Tair exceeded Twater; basking occurred 

rarely when Tair < Twater (days 1–3 in Fig. 2-5; Table 2-1). Since thermal microhabitat differences 

existed in the river that were not accounted for by the placement of the two environmental 

dataloggers, it is possible that turtles initiated basking even more precisely without me being able 

to detect it. 

Turtles demonstrated marked individual differences in basking habits. A representative 

sample of daily mean, minimum, and maximum TiButton obtained for three random turtles 

demonstrates that even during the same day, and therefore similar environmental conditions, 

turtles experienced different temperatures. No turtle showed consistently the highest or the 

lowest maximum daily TiButton, and all had similar mean daily TiButton (Fig. 2-6). Furthermore, I 

estimated time of initiation of first basking event for the day (Table 2-1). Three of the turtles 

(#926, #1137, #1140) initiated basking immediately or soon after Tair exceeded Twater in more 

than 80% of the days. Two large females (#1145 and #1152) and the two males initiated basking 

later during the day or not at all in more than 70% of the time, whereas two other females 

(#1133, #1151) showed a greater variation for time of first basking. Most turtles except #1122 

and #1145 basked every day at least briefly during favorable conditions. Basking during 

unfavorable conditions of Tair lower than Twater was rare. 

Aerial basking was usually terminated when Tair fell below Twater. Nocturnal TiButton usually 

closely followed Twater, congruent with nighttime observations of turtles underwater. Nocturnal 

increases of TiButton over Twater or Tair were observed only for one female (#1109) between 20:00-
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03:00 h on the last 20 days of recorded data. There was no indication that she or another female 

attempted to lay eggs at night, although turtles were observed nesting during the day. 

The observation that turtles aerially basked exclusively when Tair > Twater was further 

supported by data from days of low mean Tair, when turtles usually did not spend as much time 

basking (e.g. day 4, Fig. 2-5). On 12 June and 14 July, when Tair was lower than Twater during the 

day, none of the recaptured turtles attempted to bask.  

Furthermore, I recorded 75 behavioral observations (30 basking, two diving, 43 

swimming) for the 10 turtles I retrieved with iButtons. I successfully identified turtle behaviors 

in 61 of those cases (81%). Differentiation of aerial basking on logs from aquatic basking 

(especially if at the surface of vegetation mats) was not possible.  

A comparison between the TiButton medians of individual turtles failed to show any 

relationship between sex or size and thermal preferences for all three categories (combined data, 

daytime, nighttime; Fig. 2-7). A comparison of means resulted in a grouping of turtles dissimilar 

in size and sex. These statistically significant groups were different than in any grouping 

obtained when comparing medians (Fig. 2-8). During the nighttime, there were only three groups 

with different median TiButton. Two of the largest females had a higher (26.2°C) and a lower 

(25.1°C) median than the rest (25.7°C). Similar nighttime TiButton can be explained by greater 

thermal homogeneity across the river after sunset. Furthermore, Twater was higher than Tair during 

most of the time from 20:00 h to 08:00 h, and turtles had to be in the water in order to maintain 

higher Tb. Turtle #1151 had the lowest median TiButton, and she was the only turtle that would 

aerially bask early in the morning (7:00–8:00 h) when Twater > Tair. Turtle #1140 had the highest 

median TiButton, and was observed multiple times further downstream where Twater was higher 

during part of the night than the Twater likely experienced by the other turtles. Although #1109 
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had a median TiButton not significantly different than most other turtles, she had a higher nocturnal 

TiButton than most other turtles. The data showed TiButton initially 4–7°C greater than Twater around 

20:00 h, at which time recorded Tair was lower than Twater. TiButton slowly decreased until it 

equilibrated with Twater around 2:00 h. This pattern was observed during the last 20 days of 

recording. 

Comparing daytime TiButton revealed four statistically different medians. The subadult and 

one large female (#1152) had the highest median (27.2°C). These results were corroborated by 

visual observations of the iButton data showing numerous basking attempts for these two turtles 

(Table 2-1). A large female (#1109) and a male (#1122) had a low median TiButton (26.2°C). The 

lowest median (25.7°C) was of a female (#1145) that was captured less than 200 m from a cold 

spring. Visual observation of her data and numerous decreases of TiButton from recorded Twater to a 

temperature of 22°C suggest she spent time in the spring each day. The rest of the turtles had a 

median equal to 26.7°C. As expected, daytime TiButton showed a greater range than nighttime 

TiButton. 

Based on the boxplots for all data, one group contained six turtles that had a median of 

26.2°C, and a second group of four turtles had a median of 25.7°C. Trends among individual 

turtles closely resembled each other as well as the trends observed when turtles were pooled by 

sex (Fig. 2-9). Only four females experienced temperatures lower than 22°C for enough time to 

be recorded by the iButtons, even during the night; two of the turtles contributed most of the 42 

low recordings out of a total of 56,844. The two males only experienced three instances of TiButton 

= 21°C out of 16,384 recordings. 

Maximum recorded TiButton did not exceed 46°C. Only 1.2% and 1.5% of TiButton were 

higher than 34°C for males and females, respectively. TiButton ranged between 30°C and 34°C in 
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4.4% of the occasions for males and 5.1% for females. The majority of TiButton, even during the 

day were less than 30°C for both sexes. Twater increased from 23°C to 26°C during the two 

months of data collection, and partially accounted for the high TiButton at night. 

Discussion 

Externally positioned temperature loggers such as iButtons revealed important information 

about patterns in behavior of a species of large aquatic turtles. The best results were achieved 

when iButton data were combined with data on environmental conditions. For highly vagile 

species such as P. c. suwanniensis, especially in a thermally heterogeneous environment, 

saturating the study site with environmental dataloggers is important. Field observations on 

movement and knowledge of the location of the study organisms was useful in accurately 

determining behaviors based on TiButton data. 

The results strongly suggest that aerial basking serves a thermoregulatory function in P. c. 

suwanniensis, even in habitats such as the Santa Fe River that provide favorable thermal 

conditions year-round. Pseudemys c. suwanniensis is well-known as a species that spends long 

time aerially basking (D. Jackson 2006), and it has been assumed that such behavior is linked to 

thermoregulation, based on a correlation between sunny weather and a high number of basking 

turtles (Auth 1975; Crawford et al. 1983). However, Manning & Grigg (1997) provided strong 

arguments suggesting that often small aquatic reptiles are thermoconformers, and the importance 

of aerial basking is overemphasized and not primarily of thermoregulatory significance. For the 

Santa Fe River population of P. c. suwanniensis, basking often began immediately after Tair 

exceeded Twater and terminated when Tair was lower than Twater. This result suggests that for this 

species aerial basking serves a thermoregulatory function. Similar observations apply for a 

northern population of P. concinna (Buhlmann & Vaughan 1991). Basking, changes in 

microhabitat and posture coupled with thermoregulation have been noted for an amphibian 
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species as well (Rana catesbeiana, Lillywhite 1970). Spiny lizards (Sceloporus) from different 

geographic locations had similar preferred Tb (Bogert 1959); it is likely that P. concinna in a 

warm environment such as the Santa Fe River would have a preferred Tb similar to more 

northern populations. The observation of Giovanetto (1992) that Tair > 21°C and sunny weather 

correlate with high levels of basking is likely related to the fact that most spring-fed rivers in 

Florida have a Twater of 20–22°C. Circumstantial evidence that high Tb is beneficial for P. 

concinna is the correlation between habitation in warm year-round riverine habitats and largest 

body size, attained by the subspecies (P. c. suwanniensis). 

Grayson & Dorcas (2004) demonstrated small differences between Tb and TiButton (usually 

less than 1.3°C) for adult Chrysemys picta. However, my results suggest that inferring Tb from 

TiButton for individuals weighing more than 2 kg, especially during aerial basking, would be 

difficult. TiButton, however, generally closely followed Tb while turtles were underwater. 

Grayson & Dorcas (2004) attached iButtons on adult C. picta (mass ~320 g, CL ~130 mm) 

and did not detect changes in behavior or deterioration of physical condition after one year. I did 

not observe turtles to lose their iButtons, and observed an individual with an iButton attached for 

more than 10 months. iButton failures and abnormal internal time were most likely due to 

incomplete insulation from water. Even though I applied three layers of coating to make sure I 

completely covered the iButton and the wire holding it to the zip tie, the zip ties were not bent 

while the coating dried. Thus, minor openings might have occurred at the points where the zip tie 

came out of the coating when I bent the zip ties to attach them to the turtle. 

Several conditions precluded me from identifying separate basking events. Discriminating 

the activity of individuals proved difficult when the difference between Tair and Twater was small, 

such as during days of low mean Tair, or late in the afternoon. Therefore, the percentage of 
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accurately estimated behaviors based on TiButton could be lower than I obtained because most of 

the observations I made of turtle behaviors were during mid-day basking, or during days with 

high Tair. A major problem with classifying behaviors was a lack of proximity between turtles 

and dataloggers collecting environmental temperature. Lacking turtle-specific Twater precluded 

definite separation of decreases in TiButton caused by turtles diving in the water and decreases 

resulting from a lowered amount of solar radiation. Contrary to my predictions, TiButton fluctuated 

substantially instead of reaching a plateau during daily aerial basking. Furthermore, during rapid 

decreases, TiButton often did not reach the recorded Twater (e.g. day 1, Fig. 2-5) making it difficult 

to stipulate whether the changes in TiButton data reflected termination of basking, or were caused 

by temporary shading (Boyer 1965). In other cases, basking events could be identified clearly. 

Therefore, discrimination between individual basking events in some cases was impossible, 

making comparisons both between and among individuals speculative. 

Individual turtles exhibited a range of “thermoregulatory” behaviors. Turtles had the 

capacity to thermoregulate by moving long distances upstream towards cooler water and 

downstream towards warmer water, as well as by selecting thermoclines and altering the duration 

of aerial basking. For example, for female #1109 nocturnal TiButton exceeded Tair and Twater. Most 

likely, she spent the night in a location in the river that maintained a higher Twater. She was in fact 

recaptured at a shallow (< 0.4 m) location on the river overgrown with submerged vegetation 

where turtles were observed at high densities during the daytime. At this location, the water 

likely accumulated heat during the day and cooled off slower than the rest of the river due to the 

lack of current and the increased heat capacity of the dense vegetation mass. 

Differences were observed in the length of basking, time during the day when turtles 

initiated basking, days during which different turtles basked, and visits to thermally varying 
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microhabitats. Although it is difficult to equate TiButton to Tb, the similarity between TiButton 

medians is suggestive of a keen ability of turtles to budget their time and activities in the 

environment in such a way as to obtain some preferred Tb. From this small sample, no definite 

trends can be observed linking behavior with either sex or size. Although the sample size is 

small, the results are suggestive that turtle size or sex might not be the most important predictors 

of thermal preference. The importance of health as a driver for thermoregulation and basking has 

been established for other turtle species (Terrapene carolina and C. picta, Monagas & Gatten 

1983; Sternotherus depressus, Dodd 1988). 

Regardless of the precise biological reasons for aerial basking, it is clear that populations 

of Suwannee Cooters require ample basking sites in order to maintain stable and healthy 

populations. Future studies utilizing iButtons or other dataloggers could benefit if a 

computational method is devised to approximate closely Tb from TiButton. Subsequent researchers 

should collect detailed information about individuals’ health condition such as amount of 

external and internal parasites, algal growth, and presence of eggs in females in order to better 

explain differences in basking behaviors. 
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Figure 2-1. Straight-line carapace length (SCL) and mass at initial capture of 89 P. c. suwanniensis. SD equals ± one standard 
deviation. 
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  A   B 

Figure 2-2. iButton dimensions and attachment to zip ties. A) iButton attached to the zip tie 
before the application of the plastic coating. B) Three coated iButtons compared to a 
penny from various angles (clockwise: top, sideways, bottom). 
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Figure 2-3. Individual marking scheme, paint number position, and temperature logger 
attachment. Turtles were marked individually using a code system based on drilling 
marginal scutes with a 7 mm bit. The numbers around the turtle carapace show the 
marginal scutes that are drilled and their numeric values. Shown is turtle #1146, 
marked by drilling scutes #2, #4, #40, and #400 & #700 (also used to attach an 
iButton temperature logger). This method is modified from Cagle (1939) and allows 
1554 unique numbers. Within my study, all adult turtles were marked starting from 
1100s; two subadults were marked in the 900s. 

Carapace Length = 365 mm 
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Figure 2-4. Comparison of TiButton and Tb of two typical adult Suwannee Cooters. Turtles were 

placed in separate containers with water of constant temperature (22°C) and then 
heated in dry bins with a lamp twice.  
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Figure 2-5. Representative TiButton from one turtle and environmental temperature data from four days in June 2007. 
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Figure 2-6. Comparison of daily (8:00–20:00 h) TiButton of three randomly selected turtles. A) 

Average. B) Minimum. C) Maximum 
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Figure 2-7. Median TiButton for 24 h, days, and nights. A) All data. B) Close up provided for 
comparison of statistical difference between medians. Circles represent outlier data 
points.  
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Figure 2-7. Continued
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Figure 2-8. Tukey multiple comparisons of means 95% confidence level test comparing 
individual turtles’ mean TiButton. Statistically not different individuals are underlined. 
Raw results provided in appendix (Table B-1). 
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Figure 2-9. Histograms of daily/nightly TiButton for 10 free-ranging P. c. suwanniensis. 
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Figure 2-9. Continued 
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Figure 2-9. Continued
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Table 2-1. Number of times a turtle initiated first aerial basking, relative to environmental 
conditions. “Tair >= Twater” denotes first basking for the day began within 1 h of one of 
the two recorded Tair surpassing Twater. “Tair >> Twater” denotes that a basking occurred 
during the day, but was initiated more than 1 h after recorded Tair surpassed Twater. 
“None” denotes that no defined aerial basking attempt was detected; on 12 June Tair 
was lower than Twater and no turtles basked. “Tair < Twater” denotes basking when Tair 
was lower than Twater. Some behaviors were not inferred for 2–5 June due to lack of 
environmental data to compare TiButton data to. 

Sex Turtle  Tair >= Twater Tair >> Twater None Tair < Twater  
Subadult   926 45 7 1 0

♂ 1122 10 24 18 2
1245 16 32 4 0

♀ 

1109* — — — —
1133 33 13 7 0
1137 41 11 2 0
1140 39 10 4 0
1145 13 25 12 1
1151** 22 10 2 6
1152 17 33 2 0

* Twater experienced by the turtle was likely sufficiently higher than recorded Twater and precluded 
confident estimation. Likely stayed in a shallow vegetation mat, which was warmer even after recorded 
Tair > Twater. ** Last 10 days excluded; pattern not similar to other patterns observed. Events of “Tair < 
Twater” basking occurred in early morning (7:00–8:00 h). 
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CHAPTER 3 
EFFECTS OF LIMITED BOATING ON BASKING BEHAVIOR 

Introduction 

The increasing number of humans that have access to outdoor recreation has led to 

increasing encounters between wildlife and humans. While more people have unique 

opportunities to experience nature, the environment is put under pressure to withstand greater 

amounts of disturbance. Recently, conservation biologists have expanded our knowledge about 

the indirect effects of human-wildlife interactions. Even low-impact actions such as bird 

watching or hiking might increase stress hormone levels and weaken immune systems, and 

prolonged and repeated disturbance can lead to poor feeding, fewer offspring, and lower body 

mass for numerous animals (sheep: Stockwell et al. 1991; lizards: Hecnar & M’Closkey 1998; 

wading birds: Rodgers & Schwikert 2002; manatees: King & Heinen 2004; dolphins: Bejder et 

al. 2006a, b; but see Johnson et al. 1996 for marine turtles). According to the risk-disturbance 

hypothesis (reviewed by Frid & Dill 2002), animals will often overestimate risk and likely 

engage in anti-predator behaviors during disturbance events, thus incurring energetic costs and 

limiting the time available for other activities. 

Turtle wariness while aerially basking had been noted long ago for populations that 

experienced little interactions with humans (Newman 1906), and the termination of basking due 

to boating was mentioned in Boyer (1965). Negative effects of boating on turtles have been 

quantified for Yellow-blotched Map Turtles (Graptemys flavimaculata, Moore & Seigel 2006), 

but reptiles, and especially riverine turtles, are still understudied. Turtles, as ectotherms, often 

need to bask to achieve and maintain their preferred body temperature (Tb). Aquatic turtles from 

the genus Pseudemys are considered dependent on aerial basking (G. Jackson 2006), but basking 

potentially exposes them to disturbance from hikers, fishermen, or recreational boaters.  
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In order to investigate the relationship between boating and turtle basking, I initially 

hypothesized that boating traffic might negatively affect the amount of basking by the large 

emydid turtle P. concinna suwanniensis. I compared basking counts with boat traffic volume, 

and attempted to use external temperature loggers to examine turtle behavior and assess potential 

impacts on Tb. 

Materials and Methods 

I conducted this study in the summer of 2007 in a section of the lower Santa Fe River in 

north-central Florida. The study concentrated on a 3.4 km section of the river downstream from 

the US Highway 441 (US 441) bridge; intermittent observations were collected up to 3 km 

upstream of the bridge. 

Boats on the study site came from one of four sources. The greatest proportion were rental 

and shuttled boats launched from the Santa Fe Canoe Outpost (SFCO), as well as boats from the 

public boat ramp 220 m downstream from the SFCO. I met a few riverfront homeowners and a 

negligibly small number of people that launched at the US 27 or US 47 bridges and paddled 

upstream. The only other outfitter located in High Springs has been putting out boats 

downstream from the study site at the public ramp at the US 27 bridge (Fig. 1-2). Boating traffic 

through the site was somewhat limited by four portions of the river with depths of less than 30 

cm water depth. Going downstream, the first 200 m shallow was immediately past the public 

boat ramp, and was overgrown with vegetation for 100 m. A short riffle of 50 m was present 200 

m further downstream. Immediately after the end of the field site, there was a second riffle of 50 

m. At 500 m downstream, the river even completely dried for 50–100 m by the end of the 

summer (Fig. 1-3). This greatly limited boating traffic upstream from the US 27 bridge into the 

field site. The few riverfront owners within the study site and other private boat owners seemed 
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disinterested to venture downstream. Instead, they mostly paddled the 3 km upstream towards 

River Rise, only briefly passing through my study area. 

To estimate boat traffic, I used data exclusively consisting of canoe / kayak rental 

information from 1 May to 31 August 2007, kindly provided by SFCO. The data consisted of the 

number of canoes / kayaks / double kayaks rented or shuttled, the number of people, and the 

destination and pick up time if available. I excluded boats rented for the full-moon night trips 

organized by SFCO, as well as ones that never passed through my site because they had been 

shuttled downstream from the field site (to the US 27 or US 47 bridge) and were picked up even 

further downstream. I supplemented the rental information with opportunistic personal records of 

boats observed passing through the field site between 27 May and 6 July 2007. Most of the boats 

that were launched at the public boat ramp and went upstream and out of the study site were not 

detected. However, these boats could also have an impact on turtles that dispersed out of the 

study area. No trails exist along the river bank, so I rarely encountered hikers or fishermen on the 

bank. 

I carried out 21 turtle count surveys (13 downstream and 8 upstream) on 13 days between 

5 June and 7 July 2007. Surveys were conducted from a kayak moving in the middle of the river 

for 2–4 h. Upon encountering large aggregations of turtles, I slowed down and used binoculars to 

count as many of the turtles as possible before approaching and scaring them. The starting and 

finishing time of surveys varied: surveys started as early as 08:30 h and sometimes finished as 

late as 20:00 h. I counted the number of turtles aerially basking as well as those seen in the 

water. 

I concealed two environmental temperature loggers on the shore (HOBO H8-002-02 

Temp/External, Onset Computer Corporation, Bourne, MA), 1.2 km and 1.8 km downstream 
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from the US 441 bridge. They collected shaded air (Tair) and water temperature (Twater) every 5 

min between 20 May and 3 August 2007; rain precluded obtaining data on 1–5 June 2007.  

I indiscriminately captured 50 P.c. suwanniensis by snorkeling on 18–23 May 2007. 

Turtles were of sufficiently large size (carapace length > 150 mm) to allow attachment of 

automated temperature dataloggers (iButton, model DS1922L, height 6.4 mm x radius 8.68 mm, 

weight 3.12 g; Maxim Integrated Products, Sunnyvale, CA). iButtons recorded the 

environmental temperature immediately next to the turtle (TiButton), in 10 min intervals for ca. 56 

days. Details about HOBOs and iButtons are presented in Chapter 2. 

Captures occurred in the one km stretch of river ca. 800 m downstream from the US 441 

bridge, but some turtles rapidly moved at least 2.5 km downstream and 1 km upstream from US 

441. Between the end of July and mid-October, I recaptured turtles predominantly in a section of 

the river 2.5 km downstream from US 441. More information about turtle movement can be 

found in Chapter 4. 

Unless otherwise specified, α = 0.05 for all statistical tests and standard deviation is 

presented as ±1 SD. 

Results 

I observed 142 boats between 27 May and 6 July 2007; discrimination between which ones 

belong to the SFCO and which were personal boats was not always possible. Based on personal 

observations, boat traffic was spread out throughout the day and coincided with highest amount 

of solar radiation, and thus with optimal basking time (Fig. 3-1). I observed only 11 water craft 

(canoes, jonboats, jet ski) with an engine; except for the jet ski, all others had 5–15 hp outboard 

motors. 

Based on the canoe rental data for 92 days from SFCO, 822 paddle boats carrying 1578 

people were rented from 1 May to 31 July 2007. Only on 24 days were more than 10 boats 
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rented, 6–10 boats were rented on 15 days, 1–5 boats were rented on 29 days, and no boats were 

rented on 24 days (Fig. 3-2). A total of 674 (82%) of the boats were rented Friday to Sunday.  

Among the days with no boats rented, only two were from Friday to Sunday; heavy rain 

precluded boating on at least one of those occasions. Although boat rentals did not correlate 

significantly with mean daily Tair (R2 = 0.03), heavy rains precluded any boating (Fig. 3-2). 

Around 20% of the boats went to the River Rise and back to the SFCO; the number of boats 

going downstream that were not shuttled back to the SFCO was minimal (J. Wood, pers. comm.). 

I conducted 21 counts of turtles, including 10 during days of higher traffic (Friday–

Sunday). There did not appear to be a relationship between the total number of turtles observed 

or the percent of turtles basking in relation to the number of boats rented. A logarithmic linear 

regression demonstrated a lack of correlation between the percentage of turtles basking and the 

number of boats (R2 = 0.014). A correlation analysis on all variables did not show strong 

connection between day of the week and the percentage of turtles basking or total counts (Table 

3-1, 3-2). Grouping week days in two categories (Monday–Thursday, Friday–Sunday) resulted in 

identical correlation coefficients to the ones obtained when comparing individual days of the 

week (Table 3-2). 

A comparison between 12 days of data from TiButton of five random turtles, environmental 

temperatures, and number of boat traffic strongly suggested that basking was positively 

correlated with high Tair, and was not related to boat traffic intensity (Fig. 3-3). 

I could not rely on TiButton to accurately discriminate between aerial basking occurrences in 

order to compare counts of basking attempts during high and low traffic (Chapter 2). However, 

for the 50 days that I had both TiButton for each of the 10 turtles and environmental data, I 

compared the mean daily (8:00–20:00h) TiButton of all turtles between days of high boat traffic (> 
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10 boats, n = 16) and days of low traffic (n = 34). No significant difference was detected (z-test: 

z = -0.545, p = 0.29), suggesting little if any impact of limited boating on the thermal profile of 

P. c. suwanniensis. Weather conditions alone did not account for the similarity between TiButton 

for the two groups. Tair from one of the environmental temperature loggers served as a proxy for 

weather conditions; the mean daily Tair between the two groups was not significantly different (t 

= -0.190; df = 48, p = 0.42). 

Discussion 

Limited paddle boating seemed not to influence the basking behavior of the individuals in 

this population. The population in this stretch of the river seemed healthy, abundant, and 

reproducing successfully, suggesting limited effects of minor human disturbance. Visual 

observation of the TiButton data, although not quantified, suggested that turtles’ basking behavior 

was dependent on Tair more than the amount of boating traffic. However, their behavior was also 

partially decoupled from environmental conditions and turtles basked different amounts of time 

during days with similar weather conditions.  

Several hypotheses may explain my results. First, the amount of boating was minimal, 

even during the days of highest traffic, and usually was concentrated during the late morning. 

Therefore, boats were not present on the river for most of the time, and I observed many turtles 

that resumed basking in less than 5 min after a disturbance event. Furthermore, the Twater at the 

Santa Fe River was > 25°C for most of the summer, and likely stays around 20°C even during 

the winter; turtles therefore could maintain high Tb even without extensive basking. 

Turtles exhibited high levels of individual variation in disturbance responses, including 

partial habituation, as predicted by the risk-disturbance hypothesis. For example, several marked 

large females allowed me to approach them while basking to less than 1 m before fleeing, even 

after being captured by snorkeling several times. On the other hand, on several occasions 
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multiple turtles simultaneously terminated basking due to unknown reasons more than 100 m 

from the observer. Individual variation of basking habits was detected using TiButton data in this 

study, and has been observed for nesting females by D. Jackson & Walker (1997). However, the 

strength of behavioral responses might be linked to an individual’s health or ability to acquire 

resources rather than to the intensity of a disturbance (Gill et al. 2001), rendering solely 

behavioral observations inconclusive about the true extent of the disturbance and making 

quantifying disturbance in the field difficult. 

Pseudemys c. suwanniensis historically has undergone high levels of harvesting, indicated 

by its colloquial name “Suwannee chicken”, as well as by multiple recorded instances of illegal 

take (D. Jackson 2006). Carr (1952) suggested that current behavioral responses are the 

evolutionary result of prolonged interactions with humans and less wary individuals were 

eliminated from the population a long time ago. However, I did not always observe increased 

vigilance and a fleeing response. 

Although my results did not detect negative effects of boating on basking behaviors, 

several important points need to be considered. Deleterious physiological responses of stress and 

disturbance might exist that were not quantified in this study. Responses likely vary by species: 

Wood Turtles (Glyptemys insculpta) have been shown to exhibit physiological responses such as 

increased tachycardia when handled (Cabanac & Bernieri 2000), but no short-term behavioral 

changes were detected for captured Gopher Tortoises (Gopherus polyphemus; Kahn et al. 2007). 

Disturbance might impact individuals differently based on their age, size, or physical 

condition. A study on human disturbance in a national park found that gravid female massasauga 

rattlesnakes (Sistrurus c. catenatus) are less visible than non-gravid females or males. Although 
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harmful effects could not be detected, Parent & Weatherhead (2000) found a positive correlation 

between disturbance levels and snake movement. 

Smart et al. (2000) hypothesized that human activities resulting in intermediate levels of 

disturbance, coupled with decreased predation, might enhance lizard species richness and 

diversity in communal rangelands. Similarly, the indirect impacts of boating disturbance on 

alligators and the removal of the large nuisance individuals might benefit chelonian populations 

by decreasing predation pressure from one of the major chelonophagus species. 

Visual observation of the TiButton data suggested that during days of similar weather 

conditions, turtles sometimes basked more during days of high boating traffic than during days 

of low boating traffic. Cabanac & Bernieri (2000), although using a small sample size of 3 

individuals, demonstrated that Wood Turtles behaviorally raise their Tb as a response to handling 

and stress. Testing whether P. c. suwanniensis reacts in a similar way to stress could suggest 

whether behavioral responses such as duration and frequency of basking could be used as 

measures of disturbance. 

Although it seems low levels of boating disturbance had limited impacts on the population, 

a threshold likely exists that turtles cannot tolerate. According to the staff of Ginnie Springs, a 

heavily visited location on the Santa Fe River about 15 km downstream from the study site, it is 

rare to see basking turtles on the 3 km of the river where several hundred people tube each 

summer day. During a visit in 2008, I noted that the basking turtles at this location had at least 

partially habituated and did not plunge as readily as the ones I studied extensively. Also, during a 

snorkeling trip to Rainbow Run during a weekend with multiple boats, I failed to see basking P. 

c. suwanniensis, although turtles are abundant there (Huestis & Meylan 2004). 
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More studies are needed to assess disturbance effects on downstream sections of this and 

other Florida rivers where motorized boat traffic is more prevalent. Due to low human impacts 

and the highly thermally favorable conditions year-round, the results from this study should be 

applied to other areas with extreme caution. Boating currently has limited negative impacts on P. 

c. suwanniensis, within the section studied of the Santa Fe River, and decreasing the amount of 

human visitation is not a high conservation priority. In other locations with different boating and 

visitation uses, the impacts on basking turtles could be more deleterious.
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Figure 3-1. Daily pattern of distribution of boat and human observations at Santa Fe River, May 
27–July 6 2007, based on personal observations. Results are based on 146 
observations of single boats or groups of boats and seven observations of humans. 
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Figure 3-2. Number of boat rentals from Santa Fe Canoe Outpost and number of people per day correlated with mean daily Tair. Grey 

blocks under the X axis mark Friday–Sunday and official holidays. Arrow indicates rainy days. 
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Figure 3-3. Comparison between TiButton, boat traffic, and environmental temperatures for 12 days. Top 5 graphs show TiButton for 5 
individuals; bottom graph demonstrates Tair (high amplitude) and Twater (low amplitude). Vertical lines denote beginning 
and end of days. Friday–Sunday are marked in bold. Note that basking occurs irrespectively of boating traffic, on days of 
high Tair. 
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Table 3-1. Percentage of turtles observed basking during turtle counts in relation to number of 
rented boats, day, and mean daily Tair. 

Date Day of week Total count Daily Tair Percentage basking Boats count  
6/5 Wed 206 25.5 45.15 0 
6/6 Thu 346 26.1 39.60 1 
6/6 Thu 177 26.1 35.59 1 
6/7 Fri 305 26.1 53.77 3 
6/10 Mon 245 28.1 53.88 21 
6/10 Mon 250 28.1 47.60 21 
6/11 Tue 301 27.5 48.84 2 
6/15 Sat 327 23.8 49.54 18 
6/15 Sat 268 23.8 52.99 18 
6/16 Sun 212 25.6 48.58 31 
6/16 Sun 259 25.6 45.17 31 
6/17 Mon 268 26.0 42.91 25 
6/17 Mon 299 26.0 44.15 25 
6/19 Wed 218 26.3 40.83 6 
6/23 Sun 205 25.6 54.15 30 
6/23 Sun 232 25.6 40.52 30 
6/24 Mon 244 26.1 59.02 3 
6/24 Mon 250 26.1 45.60 3 
6/30 Sun 255 26.6 44.71 31 
6/30 Sun 263 26.6 39.92 31 
7/7 Sun 242 27.0 36.36 27 
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Table 3-2. Correlation matrix between macrohabitat variables and total turtle counts. 
  Day Total Tair Percentage basking Number of boats  
Day 1.00 0.02 -0.43 0.07 0.62 
Total 0.02 1.00 -0.11 0.12 -0.11 
Tair -0.43 -0.11 1.00 -0.12 -0.03 
Percentage basking 0.07 0.12 -0.12 1.00 -0.08 
Number of boats 0.62 -0.11 -0.03 -0.08 1.00 
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CHAPTER 4 
HOME RANGE, MOVEMENT, SPATIAL DISTRIBUTION, AND RELATIVE 

ABUNDANCE 

Introduction 

Riverine turtles are experiencing severe population reductions on a global scale (Gibbons 

et al. 2000), partly attributable to habitat loss due to river “improvement” (Bodie 2001). Declines 

in riverine turtles have far-reaching effects on aquatic ecosystems, since they are major 

consumers and producers, attaining large community biomass and high density (Tinkle 1958; 

Plummer 1977; Moll 1990; D. Jackson & Walker 1997). However, the ecology of riverine turtles 

is generally understudied (Moll & Moll 2004). In the current rapidly developing environment, 

basic biological data concerning the home range (defined as “that area traversed by the 

individual in its normal activities of food gathering, mating, and caring for young” [Burt 

1943:351]), movement patterns, and habitat use has direct implications for devising better 

management strategies for species conservation. 

The Suwannee Cooter (Pseudemys concinna suwanniensis) is a riverine turtle endemic to 

the northern portions of Florida. The Suwannee Cooter is a “Species of Special Concern” due to 

its limited range and history of exploitation for human consumption (D. Jackson 2006). The 

Cooter likely has a strong impact on riverine communities since it is a major herbivore reaching 

large population numbers and biomass (Marchand 1942; D. Jackson & Walker 1997; Huestis & 

Meylan 2004). Cooters can be highly vagile and move several kilometers up or downstream 

within a short period of time (Marchand 1945a; D. Jackson & Walker 1997). 

Suwannee Cooters may be especially abundant in strikingly different lotic habitats: spring 

fed rivers with crystal clear water, stable temperature, and stable water levels (e.g., Ichetucknee 

and Rainbow Run Rivers), and blackwater streams with highly limited visibility, seasonally 

fluctuating temperatures, and occasional flooding (e.g., Suwannee River and its tributary the 
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Santa Fe River; Crenshaw 1955). Although blackwater rivers are distributed widely throughout 

the southeastern United States, knowledge about Florida populations of P. c. suwanniensis is 

biased because researchers have worked mostly in crystalline rivers (Marchand 1945a; Kramer 

1995; Lagueux et al. 1995; D. Jackson & Walker 1997; Huestis & Meylan 2004). 

Severe droughts in 2006–2007 provided the rare opportunity to examine a typically 

blackwater stream population during a time with little tannin input resulting in clear water 

conditions. In this study, I combined mark-recapture and individual paint marking protocols to 

determine habitat use, movement patterns, and the extent of linear habitat in Suwannee Cooters. 

Further, I conducted counts of turtles in order to obtain insights on their relative abundance in 

relation to spatial distribution in a protected area experiencing some, but not severe, levels of 

human recreation-based disturbance. 

Materials and Methods 

Study Site 

The study was conducted on the Santa Fe River (Alachua and Columbia counties, north-

central Florida) in a 3.4 km stretch downstream from the US Highway 441 bridge (US 441) 

between 15 May and 13 October 2007 (Fig. 2-2). On several occasions, data were collected 

upstream in the 3 km from the bridge to River Rise, where the river reemerges above ground 

from the Florida aquifer. Most of the study site and the surrounding area is managed by the River 

Rise Preserve State Park and is protected from agricultural and urban development. Drought 

during the previous years lowered the river level substantially, resulting in clear water with good 

visibility, in contrast to the normally tannin-stained water. More information on the study site is 

in Chapter 1. 
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Capture and Marking 

I caught 50 Suwannee Cooters (23 ♂, 25 ♀, 2 subadults; group A) between 18 – 23 May 

2007 in order to attach temperature-sensitive dataloggers (iButtons; Chapter 2). While attempting 

to retrieve iButtons between 23 July and 8 October 2007, I captured an additional 39 turtles (12 

♂, 20 ♀, 7 subadults; group B). Group A turtles were caught in an approximately 1 km stretch of 

the river starting 800 m downstream from US 441. Subsequent captures and recaptures occurred 

primarily in the first 2.5 km immediately downstream from US 441 (Fig. 4-1). 

Study organisms were captured by active pursuit while snorkeling, or opportunistically by 

hand (Marchand 1942, 1945a, b; Kramer 1995; Huestis & Meylan 2004). On one occasion, I 

successfully caught turtles by setting a net (20 m x 1.5 m, 3 cm mesh size) around a shallow mat 

of vegetation. I collected standard morphometric measurements in the field (straight-line 

carapace length [CL], plastron length, body mass, sex or life stage), uniquely marked individuals, 

and usually released them within an hour at the capture location (See Fig. 2-3 for explanation of 

marking scheme and appendix A for morphometric procedures). Toward the end of the study, 

turtles were not processed due to time and logistic constraints unless they had been captured 

previously. Although snorkeling may be biased towards larger individuals, the captured turtles 

are likely representative of the adult turtle population (Fig. 2-1). 

I attached temperature data loggers coated in black plastic (iButtons, height ~9 mm, radius 

~11 mm) on the marginal scutes of the carapace above the right rear leg (Fig. 2-3). I painted a 

unique number on each clean and dry dorso-lateral side of the carapace using a non-toxic white 

oil-based paint marker (563 Speedry, Diagraph, Marion, IL; Fig. 2-3). On group A turtles, the 

width of the number lines was ~0.5 cm, and the complete number was usually ~10 x 10 cm. 

Initially, some of the numbers wore off quickly or were difficult to detect. I subsequently 

increased the line width to 1–2 cm and the overall number size to ~15 x 15 cm, which made for 
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better detection and mark longevity. Since the iButtons were usually visible from a distance, I 

could often visually determine if a turtle was from group A, even when the painted numbers 

wore off. Turtles were measured, marked, and released close to the point of capture within 1 h. 

Observations 

I paddled the length of my field site using a kayak in order to visually observe and identify 

turtles. Transects were carried out 23 May – 15 October usually between 11:00 h and 16:00 h to 

maximize turtle observations. Capture positions and visual observations were recorded with a 

hand-held GPS (Garmin eTrex, Garmin International, Olathe, KS). The error inherent in the GPS 

unit was less than 15 m, which is negligibly small considering the movement potential and 

habitat available to the highly mobile adult Cooters. 

During visual observations, I recorded the sex of the turtles only if positive identification 

was possible. Because Suwannee Cooters reach sexual maturity around CL of 190 mm for males 

and 275–300 mm for females (Huestis & Meylan 2004), I defined three life stages that I could 

visually discriminate with ease: adults (CL >= 200 mm), subadults (200 mm > CL > 70 mm), 

juveniles / hatchlings (CL =< 70 mm). 

A chelonian mark-recapture study by Dr. Gerald Johnston (Santa Fe Community College) 

was conducted concurrently with my study in the first 1.1 km of the river starting at River Rise, 3 

km upstream from US 441. This adjacent study allowed me to extend observations beyond my 

study site. Five monthly sampling sessions were conducted between May and September 2007. 

We snorkeled for more than 120 person-hours and hand-captured all turtles we could, then 

measured and individually marked them. The marking scheme for Pseudemys was identical to 

that used in my study, and there was no duplication in numbering (Johnston et al., in prep.). I 

supplemented field sampling by occasionally kayaking between US 441 and River Rise and 

visually observing turtles in order to detect dispersal beyond my primary study site. 
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Visual Observations 

The relatively clear water allowed me to paddle a kayak or a canoe and observe turtles both 

basking and swimming. I cautiously approached and examined every turtle I encountered and 

looked for the presence of drill holes, an iButton, or a painted number on the shell. I made an 

effort to avoid disturbing turtles and inspected basking turtles using binoculars. Upon 

encountering a marked turtle, I recorded the GPS position, the time of day, the activity of the 

turtle (swimming, basking), the identity of the turtle, and the degree of certainty of correct 

identification (positive, ambiguous/partial, no identification), and the condition of the paint 

number. Observation points were then imported in Google Earth (v 4.2, Google Inc., Mountain 

View, CA), and plotted on a 2007 satellite image. 

All distances were calculated at mid-river. I obtained robust measurements by manually 

tracing mid-river distances between observations at an eye altitude of 200 ± 10 m. I used the 

minimum distance between observations to estimate movement between different days. In cases 

of more than one observation of the same individual on the same day, I calculated the minimum 

distance between observations that the turtle must have covered. For all distance analyses, I used 

only data from turtles that were positively identified; ambiguous sightings were discarded, even 

when some individuals could likely be recognized through a process of elimination and 

deduction. Marked individuals whose numbers could not be deciphered were only used to 

describe the loss of paint marks. 

I used “the minimum direct distance over water between the two most distant points of 

[observation]” (Sexton 1959:137) in order to estimate the minimum linear aquatic home range 

and extent of long-term movements. This method was used previously for two species of 

Pseudemys (P. nelsoni, Kramer 1995; P. c. suwanniensis, D. Jackson & Walker 1997). Home 

range was only estimated for individuals I observed at least 30 days after original capture. 
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Paint Mark Retention 

I estimated the rate of loss of paint marks on group A turtles to evaluate the usefulness of 

this method, since my ability to observe, correctly identify individual turtles, and describe their 

movements was dependent on the length of paint mark retention. I did not estimate retention on 

any subsequent marks because I terminated intensive sampling before all the marks had 

disappeared. 

Spatial Distribution and Abundance 

I conducted several pilot transect surveys prior to beginning my study, where I observed an 

unequal distribution of turtles across the length of the river. I therefore divided the study site into 

16 sections of varying lengths based on the following river characteristics that might be 

biologically important to turtles: major changes in perceived depth, compass orientation (which 

affects the amount of sunlight exposure during the day), and width. 

I conducted 21 counts of both basking and swimming turtles on 13 days between 5 June 

and 7 July 2007 in order to quantify the spatial distribution of turtles and to obtain relative 

abundance estimates. Surveys were carried out by a single observer in a kayak moving down the 

middle of the river. Thirteen surveys were made going downstream, and eight upstream, in 

which identical speed was achieved. Surveys took 2–4 h, since I was making a variety of 

observations. Upon encountering large aggregations of turtles, I slowed and used binoculars to 

count as many turtles as possible before approaching and possibly scaring them. The start and 

finish time of surveys varied, with the earliest surveys begun at 08:30 h, and the latest surveys 

finished at 20:00 h. Most surveys were carried out between 11:00 h and 17:00 h to maximize the 

number of turtles basking and increase detection by taking advantage of the best light conditions. 

I recorded the number of individuals per river section in each life stage (adult, subadult, 

hatchling, only observed a head). 
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I sampled a 1.9 km section of the river by kayak in order to estimate the relative abundance 

of adult and subadult turtles counting marked and unmarked turtles. I then conducted a 

downstream and upstream count of adults and subadults the next day after the last turtle from 

group A was captured, and two days later I made two downstream and one upstream count. I 

estimated abundance using the Lincoln-Petersen formula provided in PopTools (v 3.03, Hood 

2008). Although the capture and recapture sessions were only days apart, the condition for 

population closure was potentially violated because of the emigration of marked individuals 

outside the sampled area. Therefore, my results are likely an overestimate of population size. 

Habitat Assessment 

I collected data on several environmental variables (Table 4-1) to examine macrohabitat 

characteristics that might influence turtle distribution. I took 66 mid-river depths at ~50 m 

intervals, starting at US 441 and working downstream. I measured 50 m as the distance between 

two boats using a laser range finder (Bushnell Yardage Pro Sport 450, Bushnell Performance 

Optics, Lenexa, KS; accuracy of ± 1 m). I determined depth by dipping two 3.3 m interlocking 

PVC pipes, graduated at 0.1 m (Fig. 1-5). I used a digital thermometer and recorded water 

temperature (Twater) 20 cm below the surface in the middle of the river at the beginning of each 

section. The surface area of each section was determined based on 2007 satellite images using 

Google Earth. I visually approximated the major compass orientation for each section using the 

built-in compass tool in Google Earth. 

I qualified biophysical characteristics of 132 known and potential aerial basking objects 

throughout the study site between 28 June and 12 July 2007. I measured most basking objects on 

which I observed turtles, as well as ones that subjectively appeared like potential basking sites. 

Although this was not a complete count of all basking objects, I made every attempt to be 

inclusive. The number of available basking objects for turtles depends on river level in most 
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cases, but the constant river level and the lack of new fallen trees suggest that the number of 

basking sites did not change much throughout the study. 

A multivariate regression analysis was performed in R (v 2.6.2, RDCT 2008) to select the 

most important habitat predictor variables for relative abundance based on the raw counts of the 

various life stages of turtles. I used mean water depth, mean Twater, compass direction, section 

surface area, and number of basking sites counted as independent variables for each river section. 

Unless otherwise specified, α = 0.05 for all statistical tests and standard deviation is 

presented as ±1 SD. 

Results 

Visual Observations  

 From the 50 turtles from group A, six males and two females were never positively re-

sighted or recaptured. I recaptured 12 individuals (3 ♂, 7 ♀, 1 subadult; four individuals were 

recaptured three times, one – four times). From the 39 turtles from group B, three males, eight 

females, and one subadult were never positively re-sighted or recaptured; I recaptured eight 

individuals, with one individual caught twice (Fig. 4-3). 

Excluding original captures, I acquired 528 locations through visual observations and 

recaptures. I positively identified 69 individuals during 375 sightings; 67 of these sightings were 

a second or third observation for the same day. I observed an iButton, but failed to identify group 

A turtles 149 times; I could not identify group B turtles on four occasions. 

During 2007, 109 P. c. suwanniensis were captured a total of 168 times in the first 1.1 

kilometers downstream from River Rise.  None of these turtles were captured originally at my 

field site. However, four large adult females (two recaptured three times, one – two times) and 

one adult male from the River Rise study were subsequently recaptured downstream from US 

441. 
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Paint Mark Retention 

Rapid algal growth on the carapace, shedding of scutes, friction with water and vegetation 

reduced paint retention. Fine painted numbers of group A turtles lasted approximately 2–3 

weeks, after which detection and successful identification decreased rapidly (Fig. 4-2). Turtles 

with iButtons but without distinct numbers were observed as early as six days after capture and 

turtles were identified as late as 52 days after marking. The use of thicker and larger numbering 

resulted in improved retention of the marks. On 31 March 2008, I observed two turtles with faint 

paint marks, but failed to identify them before they entered the tannin-stained water. Since I 

painted the last paint marks on 28 September 2007, marks can be retained for at least 186 days (> 

six months). 

Home Range and Long-Term Movements 

I estimated the home range for 26 turtles (6 ♂, 19 ♀, 1 subadult) observed more than 30 

days after initial capture (Table 4-2). The mean distance between initial capture and final 

observation was similar for adults, but exceeded the distance for subadults (♂: 484 m, ♀: 625 m, 

subadult: 15 m; Table 4-3). Females showed a much wider range of distances between first 

capture to last observation than males, and the subadult was last found within 20 m from the 

initial capture (Table 4-3). Females also showed greater range and slightly larger home ranges 

than males (♂: 200–1600 m, ♀: 800–2800 m; Table 4-2). 

Pronounced individual variation caused some turtles to undertake long-distance 

movements and change their centers of activity, whereas others remained within a small range, 

even though all turtles had been handled in a similar way. Some individuals had strong site 

fidelity where they basked on the same log for several weeks at a time. Several turtles were 

consistently positively identified. Female #12 was observed eight times in 17 days basking on 

the same log. Female #14 was observed post-capture seven times in 19 days within a 15 m range; 
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on two subsequent observations she moved 200 m upstream and then returned to her favorite log 

within 17 days. Female #73 moved 450 m upstream after being captured, but within five days 

she returned to the same spot and was observed on four occasions on the same log during the 

next 16 days. Following some short-distance movements, she was 6 m from where originally 

captured on her last observations 50 days after capture. 

Site fidelity might not be limited to basking sites. At a location where I rarely saw turtles 

between 9:00 h and 17:00 h, I opportunistically caught an unmarked male with a distinctive 

stubbed tail on three occasions (7, 11 June, 3 July 2007). Captures occurred between 19:00 h and 

20:15 h, all within 10 m of one another, in a shallow (< 25 cm) gravel rapid. Whether the turtle 

had been feeding or was in proximity to a nighttime refuge is unknown. 

In the following section, I describe the movement patterns of six turtles captured initially at 

River Rise and detected downstream from US 441 in order to illustrate the variety of turtle 

behaviors. These individuals were not included in the results presented in Tables 4-2 and 4-3. 

Intriguingly, four of these turtles were caught originally during the same sampling session on 7 

May 2007. Since capture locations in this case were only approximately known, I calculated 

minimum possible distances. Although these turtles might have moved longer distances than 

average turtles, the general behaviors and responses applied to turtles from groups A and B. 

Turtle #82 was a female caught within the first 200 m downstream from River Rise; she 

was recaptured 37 days later in the same area. However, 10 days later, I observed her 1850 m 

downstream from US 441, over 4.7 km from where caught originally. She was located 58 days 

later only 115 m upstream from the previous observation. 

A female (#38) caught in 2006 close to the River Rise was found 13 months later more 

than 4 km downstream. During the 31 days she was observed in 2007, the furthest distance she 
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moved between observations was 325 m, and the distance from original capture to last 

observation was 187 m. Even though in 2007 she was captured four times, kept for 24 h on one 

occasion, and observed on three additional days, she still stayed within a shallow area with rapid 

flow. Such limited movement might have been induced by poor health, since she had an overall 

sick appearance, heavy leech load, and an injury to the lower jaw. 

Another female (#74) was captured within the River Rise site and recaptured 72 days later 

at the Rise headspring. Seventy-two days later, she was captured after a downstream movement 

of at least 4.4 km. After she was released, she was re-sighted the same day 1.5 km further 

downstream. 

I recaptured a female (#81) 87 days later at least 3.4 km downstream from where she was 

caught originally within the River Rise site. Four days later, she was observed about 1.5 km 

downstream, but within four days had turned around and moved > 2.1 km upstream. She was 

recaptured at the River Rise headspring 35 days later, and was observed 24 days later about 1.1 

km downstream. Three observations made in 2 h during one day showed a downstream 

displacement of 830 m. 

A male (#91) caught within the River Rise study area was recaptured at least 4.8 km 

downstream 97 days later. After eight more days, I observed the turtle 650 m further 

downstream. Two later observations during the next 17 days were made less than 100 m apart. 

Therefore the furthest distance between observations was more than 5.5 km and the distance 

from capture to last observation was at least 4.9 km. 

Another long and rapid dispersal I observed was of an unidentified male, originally marked 

upstream at River Rise site and observed seven days later downstream in my field site. His exact 

original capture location is unknown, but he moved at least between 4.8 km and 5.9 km. 
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Only three observations of turtles with an iButton were made upstream from US 441, even 

though I made more than 15 trips upstream to River Rise throughout the study. An unidentified 

adult female was observed on 26 and 27 June 2007 at the same basking log, 1.2 km upstream 

from US 441. Based on all original capture points, she had to move upstream 2.2–3.0 km, 35–40 

days after capture. An adult female (#1145) was caught 111 days after the original capture, 0.5 

km upstream from US 441. I could not determine whether these observations pertained to the 

same or different individuals. 

Relative Abundance 

A Lincoln-Petersen estimate yielded a mean of 134 adults per ha of river, with a wide 

confidence interval of 274–1972 individuals (n = 5 counts; Table 4-4). Repetitive raw counts 

produced an estimate of 25 adults per ha of river with a narrower range (SD = 39.7; range: 118–

258; n = 21 counts; Table 4-5). The estimate for total counts was slightly greater (32 

individuals/ha; SD = 42.2; range: 177–346; n = 21 counts). In 10 of the surveys, I counted 

between 240 and 270 individuals per sampling trip. Even though the highest and the lowest 

counts were made during the same day, the percentage of turtles basking was similar during both 

surveys.  

Distribution across the Habitat 

Overall, the greatest turtle concentrations were in areas around basking sites that allowed 

numerous turtles to bask simultaneously. Several sections had very similar areas, but strikingly 

different abundances: for example, #8 (high abundance) and #10 (low abundance), #3 (low) and 

#15 (high), #4 (low) and #13 (high; Table 4-5). Adult individuals were observed more often than 

subadults and hatchlings throughout the study site and in general showed widespread 

distribution. Hatchlings seemed to be concentrated in some sections (e.g., #6 and #14), and were 

uncommon or absent in most others. 
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Habitat Assessment 

The distribution of turtles of different life stages across the river was equally affected by 

the macrohabitat characteristics that I quantified. The correlation matrix from a multivariate 

regression analysis of macrohabitat characteristics showed very similar results when testing 

different combinations of life stages, but total counts correlated slightly better than the rest 

(Table 4-6). Therefore, I will only present results based on the total number of turtles counted per 

section. In the complete model including all predictor variables, only the number of basking sites 

was significant (t = 2.778, p = 0.02); the model’s adjusted R-squared value was significant (R2= 

0.662; F5, 10 = 6.889, p < 0.01). The number of basking sites and depth were the best predictors 

for turtle abundance according to independent stepwise, forward elimination, and backward 

elimination model selections. For the best predictors model, the number of basking sites was 

significant at α = 0.001 (t = 4.637, p < 0.01), depth was significant at α = 0.05 (t = 2.713, p = 

0.018), and the model’s adjusted R-squared value was highly significant (R2= 0.728; F2, 13 = 

21.09, p < 0.01). 

Although area and compass direction intuitively seemed good predictors, the results of 

turtle abundance were not supportive. Water depth was strongly correlated with Twater, but there 

was a non-linear trend with Twater. Therefore, water depth was selected as the preferred predictor. 

However, it is important to note that in this case the positive relationship between water depth 

and Twater was due to the specific study site characteristics and cannot be extrapolated to other 

locations. 

A shift in habitat use was observed, both on a daily and a monthly basis, but was not 

quantified. Certain sections repeatedly had turtles mostly during specific times during the day – 

e.g. turtles were often observed feeding in the afternoon in section 4, where they were rare 

during earlier hours. Large aggregations of up to 30 individuals were commonly observed in 
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shallow vegetation mats composed predominantly of water pennywort (Hydrocotyle sp.), small 

duckweed (Lemna valdiviana), water spangles (Salvinia minima), and subsurface non-native 

hydrilla (Hydrilla vericillata) and parrot feather (Myriophyllum aquaticum). Turtles were 

observed surface basking and feeding on such floating vegetation, but not on ones dominated by 

the introduced water hyacinth (Eichhornia crassipes).  

Discussion 

Relative Abundance 

My Lincoln-Petersen estimate of 134 adults per ha was much higher than an estimate of 47 

adults/ha obtained using the same method, but carried out over a 2 day period 4 km upstream 

(Johnston et al., in prep.). My resampling efforts were carried over a slightly longer period of 

time and were likely an overestimate since I have noted that P. c. suwanniensis moved long 

distances immediately after capture. Therefore, the closed population assumption of the model 

was probably violated. However, based on historic accounts and other abundance estimations for 

Florida populations, the Suwannee Cooter can reach very high densities. In Rainbow Run, 

Marchand (1942) estimated 746 individuals per km of river, and 50 years later Giovanetto (1992) 

calculated an abundance of 313 per km (40.4 per ha). In a small spring run connected to the 

Suwannee River, C. Jackson (1970) captured the equivalent of between 700 and 1400 per km 

(300–700 per ha; see D. Jackson 2006). 

Based on these results, Lincoln-Petersen or similar mark/resight estimators are probably 

unreliable for P. c. suwanniensis because they violate model assumptions. With comparable 

sampling effort, raw counts yielded results with lower variance and seemed adequate for crude 

abundance estimation as they provide at least a minimum assessment of abundance. Furthermore, 

visual counts were less biased in detecting hatchlings and subadults, resulting in a more useful 

estimate. 
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Paint Mark Retention 

The extended retention period of the thicker paint marks might be related to decreased 

activity and decreased scute shedding during the colder winter months, when growth is likely 

slower (Huestis & Meylan 2004). Besides the use of thicker paint and larger numbers, I suggest 

four improvements in the methodology: 1) Completely removing algae from the carapace and 

drying the shell before painting; 2) Applying copious amounts of paint to increase retention; 3) 

Diversifying and combining different paint colors, the position of the number on the carapace, 

handwriting styles, and other means allowing a high degree of identification even under sub-

optimal conditions; 4) Involving recreational boaters as citizen scientists to increase the amount 

of data collected while the paint is discernable and to provide an educational experience. 

Kramer (1995) reported paint mark retention for 1–3 months on Florida Redbelly Turtles 

(P. nelsoni) using rubberized or epoxy paint, and Buhlmann & Vaughan (1991) successfully 

used Petersen disc tags to mark River Cooters (P. concinna) for more than a year.  

A question not addressed in this study is whether the presence of highly visible marks led 

to an increase in predation either directly on adults or on newly dug nests. I do not have reason to 

suspect increased predation in my study site. Only a few basking alligators were observed during 

daytime, when marks could increase turtle detectability. Although alligator tooth marks were 

observed on a few turtles, none of the turtles I recaptured after putting a paint number on them 

had fresh alligator marks.  

Effects of Handling 

Although most turtles were released immediately after marking and were manipulated in a 

similar manner, the recapture / re-sighting data suggested strong individual variation in response 

to handling. Some individuals moved several kilometers immediately post-handling, whereas 
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others tolerated repeated recaptures and were consistently observed near the original capture 

location. 

Several studies recently have quantified the impacts of handling on stress levels and 

behavioral changes in reptiles. Langkilde & Shine (2006) used a lizard (Eulamprus heatwolei) as 

a model organism and concluded that toe-clipping and handling had minimal effect on 

corticosteroid levels, but microchip implantation and exposure to new enclosures were more 

stressful. Cabanac & Bernieri (2000) demonstrated tachycardia and behavioral rise in Tb as a 

result of 1-min handling of Glyptemys insculpta (Wood Turtle). However, Pike et al. (2005) 

failed to detect short-term effects on recapture rates of handled vs. unhandled Gopherus 

polyphemus (Gopher Tortoises). Their results were corroborated by Kahn et al. (2007) who 

concluded that handling, blood sampling, and temporary captivity did not lead to significant 

differences in plasma corticosterone or movement patterns in G. polyphemus. However, for 

aquatic turtles, Marchand (1945a:77) reported that an unspecified number of “marked turtles 

were common in […] a distance of about [8 km] from the point of release”; he attributed such 

movements to dispersal due to stress from prolonged capturing and abnormal density due to 

release of captured individuals in one location. Suwannee Cooters live a long time, have 

extended home ranges, high adult survivorship, and are possibly not dependent on limited habitat 

resources (such as G. polyphemus burrows), and therefore might exhibit a strong response to 

disturbance even if predation risk in the form of handling was small (Gill et al. 2001; Beale & 

Monaghan 2004). Studies on stress hormones should help resolve this question. 

Home Range, Distribution across the Habitat, and Long-Term Movement 

Patterns of both home range and movement seemed to be explained to a large extent by 

individual variation in turtle responses. Similar conclusions have been obtained in several other 

studies. Nesting female Suwannee Cooters in Wakulla River exhibited strong nest site fidelity 
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(within a 200 m segment), although they sometimes nested > 1.7 km away from previous nesting 

sites (D. Jackson & Walker 1997). Some individual Trachemys scripta elegans have preferred 

basking sites while others do not (Cagle 1944). I observed similar results in my study. 

Larger P. c. suwanniensis have greater home ranges than smaller individuals (based on n = 

4; D. Jackson & Walker 1997), and this relationship has been suggested to occur in other 

emydids (T. s. scripta, Schubauer et al. 1990). In this study, it appears that there might be a 

marked difference between adult and subadult individuals’ home ranges, although a larger 

sample size is required. 

Habitat characteristics at the river surface, such as river width, presence of basking logs, 

and vegetation mats might influence turtle home ranges, especially for basking herbivorous 

turtles (Marchand 1945a). However, home range estimators should be devised for aquatic turtles 

that take into account the three-dimensions of their habitat. Even though the distribution of 

bottom-growing vegetation is limited based on depth and water clarity, I observed numerous 

turtles feeding at or below the surface in shallow (< 1.5 m) locations. Furthermore, courting was 

observed frequently at various depths underwater.  

While snorkeling, I observed P. c. suwanniensis escaping towards and hiding under 

seemingly familiar and preferred submerged logs and debris at depths of 2–9 m. However, turtles 

did not dive deeper than 10 m. River Rise is a low capacity and slow current spring > 30 m deep 

with a diameter around 40 m, with mostly vertical limestone walls except for a 5 m x 10 m 

terrace at a depth of around 9 m. Turtles resting on that terrace have been captured with little 

effort, since they usually do not try to swim away. Many individuals were chased for > 5 min 

around the Rise. They swam continuously at a depth of around 3–7 m to prevent capture, 

generally swam along the side of the spring, and were not observed diving deeper into the spring. 
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Whether physiological limitations or behavioral constraints precluded deeper dives is unknown. 

Suwannee Cooters typically live and thrive in low-visibility tannin waters, so the decreased light 

intensity at depths > 10 m should not be a strong deterrent. A high risk of predation at the Rise 

also was an unlikely explanation. It is interesting to note, however, that two radio-tracked P. 

concinna in Virginia were not observed deeper than 2 m, although the maximum water depth 

was only 3 m; non-radio-tracked turtles were also concentrated in water less than 2 m deep 

(Buhlmann & Vaughan 1991). 

My observations suggest potentially slightly larger female linear home ranges than the 

home ranges of 200–600 m reported by D. Jackson & Walker (1997). However, even though the 

straight line mid-river home ranges might be slightly larger in the Santa Fe River, the total 

volume of water encompassed by the three-dimensional home range of the turtles might be 

similar between the two populations. The Wakulla River was about 1 m deep, but for the most 

part averaged 120–150 m in width (D. Jackson & Walker 1997). D. Jackson & Walker (1997) 

further reported infrequent shifts of home range > 3 km, homing of 2 km, and possibly long-

distance movements of 10–15 km. 

Other studies of P. concinna reveal slightly different patterns. In Virginia, Buhlmann & 

Vaughan (1991) found that the greatest distances moved by adult P. concinna were less than 600 

m, but juveniles sometimes exhibited longer dispersal distances. Such results might be caused by 

the low abundance and different ecological conditions, since the population studied was at the 

northern edge of the distribution of P. concinna. In Florida, C. Jackson (1970) studied a 

population of P. c. suwanniensis, whose individuals were rarely observed beyond the vicinity of 

a spring and its 160 m run. 
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Movement patterns and abundance of turtles might be related to availability of non-stable 

resources such as food, basking locations, or depth. For example, in March 2008, some of the 

basking logs and vegetation mats were no longer available and depth had increased slightly (~0.3 

m); turtles were then observed in much greater numbers at locations where previously they were 

sparse (e.g. Sections 2 and 3). Furthermore, basking site availability may play a key role in 

motivating turtles to inhabit a specific area (Cagle 1944, 1950; Cagle & Chaney 1950).  

My observations suggest that turtles basked predominantly on sites corresponding to their 

size, with larger turtles choosing wider sites. Such site selection is supported by Boyer (1965) 

who found that unless sites were limited, turtles most often emerged on sites no less than two-

thirds of their body width. Painted Turtles (Chrysemys) are able to discriminate the width of 

basking sites (Casteel 1911). Larger turtles are usually found in mid-stream larger sites, with 

juveniles using smaller sites closer to the shore (Pluto & Bellis 1986). For P. c. suwanniensis, 

partitioning might be due to different predator avoidance strategies, in which juveniles strive to 

hide quickly in submerged vegetation, which is often located closer to shore, while adults rely on 

speed and agility to avoid depredation. 

Non-social insects exhibit collective behaviors of self-organization and aggregate at sub-

optimal refuge due to presence of conspecifics (Halloy et al. 2007). Similarly, presence or 

absence of other turtles might also be a factor in basking site selection. Boyer (1965) collected 

evidence that turtle aggregation might play a role in basking site selection even when other 

conditions were the same. Aggregation might be beneficial by increasing the ability of the group 

to spot predators, or increase mating opportunities. Another possibility is that after a turtle is 

observed by conspecifics to use a basking site, other turtles assume it is of sufficient quality and 

congregate to utilize the resource. I did not observe any intra-specific aggressive interactions. 
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The analysis of macrohabitat characteristics failed to detect differences in relative turtle 

abundances between different life stages, but the relative counts suggest differential habitat use. 

Even though hatchling turtles were not uniquely marked, I repeatedly observed similar numbers 

and size hatchlings on the same logs as detected on previous surveys. Such strong site fidelity is 

to be expected, because hatchlings are weaker swimmers than adults and it might be 

energetically expensive for them to move up and downstream, even in weak currents. Also, site 

fidelity might increase survival by increasing chances to escape from predators. Differential 

habitat use by juveniles and adults is known in other turtle species (e.g. Terrapene carolina, 

Dodd et al. 1994; Hamilton 2000).  G. Johnston and I observed similar clumped distribution of 

hatchlings in the section of the Santa Fe River downstream from River Rise. We never observed 

hatchlings within the initial 0.5 km even though adults were abundant. Further downstream, 

however, hatchlings became common. 

Conclusions 

Continuous, long term studies on the movement and population dynamics of Suwannee 

Cooter populations in blackwater rivers such as the Santa Fe are necessary to test the results from 

this study. During 2007, the population studied had a high density and no apparent skewed 

distribution of size classes or major shifts of sex ratio. Individual variation of behavior or 

undetected physiological differences influenced movement and home range of turtles; whether 

differences had physiological or behavioral causes is yet to be determined. Ample basking sites 

correlated strongly with the number of turtles observed and the maintenance of snags and debris 

in the water should be a management priority. 

 



 

 

89

 
 
Figure 4-1. Distribution of 89 individuals originally captured at the field site (circles; red –group A, violet – group B) and 

subsequently recaptured (diamonds; orange – group A, blue – group B). Sometimes multiple captures/observations were 
made at one point on the map.  
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Figure 4-2. Paint mark longevity based on 50 turtles marked with unique paint numbers and 
equipped with an external temperature logger (iButton). “Unidentified” are turtles 
that lacked a clear mark but had a visible iButton, or in a few instances escaped 
before a positive identification was made. Turtles were marked 18–23 May 2007. 
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Figure 4-3. Distribution of observations of 89 P. c. suwanniensis originally captured in the field site. Sometimes multiple 

captures/observations were made at one point on the map.  
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Table 4-1. Physical differences between the different sections used for multivariate regression 
analysis. Area is river surface area in hectares; Depth is mean depth in meters; 
“Twater” is mean water temperature at 20 cm depth; “Basking” is number of counted 
basking objects in the section; “Direction” represents river orientation in degrees; 
“Total” is combined counts for all turtles observed during the 21 samples. 

Section Area Depth Twater Direction Basking Total  
1 0.72 0.8 25.8 60 7 27
2 1.16 0.4 25.7 135 8 116
3 1.00 0.6 26.7 135 10 372
4 0.32 0.8 27.1 135 0 53
5 0.23 1.1 27.2 135 4 131
6 0.68 2.0 27.4 110 14 869
7 0.28 2.1 27.6 45 6 372
8 0.12 2.8 27.4 5 5 348
9 0.51 1.5 27.3 35 6 245

10 0.12 1.7 27.0 20 1 48
11 0.25 1.5 27.1 20 7 341
12 0.20 1.7 26.9 170 14 578
13 0.33 2.2 27.0 100 11 717
14 0.45 2.8 27.8 110 12 362
15 1.04 3.2 28.2 180 13 806
16 0.59 1.5 28.0 125 14 466
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Table 4-2. Home ranges based on mark/recapture and visual observations. “Furthest” denotes the 
mid-river distance from the furthest upstream to the furthest downstream points of 
observation for each individual; “Capture-Last” is the mid-river distance between the 
original capture and the last observation; “30–60 days”, “61–140 days” are the 
number of days between original capture and last observation. 

Sex Furthest Capture-Last 30–60 days 61–140 days  

♂ 

<    200 m <    200 m 1 0  
<    500 m <    100 m 1 0  
<  1000 m <  1000 m 0 1  
<  2000 m <    800 m 1 1  
<  1600 m <  1100 m 0 1  

♀ 

<    800 m <    150 m 7 2  
<  2400 m <  1500 m 4 0  
<  2000 m <    800 m 1 4  
>  2800 m >  2300 m 0 1  

Subadult <    300 m <      20 m 0 1  
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Table 4-3. Mean distance in meters (“Dist”) between initial capture and final observation, based 
on mark/recapture and visual observations. “Days” denotes mean number of days 
between initial capture and last observation. “SD” is one standard deviation. 

Sex Distance  SD Range Days SD Range n  
♂ 484 444 55–1097 80 42 39–133 6
♀ 625 692   6–2344 73 43 32–139 19
Subadult   15 — — 104 — — 1
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Table 4-4. Lincoln-Petersen estimate of relative abundance of adult and subadult turtles. Total 
area of river sampled was 3.04 hectares. Turtles were marked 18–23 May 2007.  

Date 25 May 25 May 27 May 27 May 27 May 
Counting down- / upstream Down Up Up Down Down 
Total number observed 85 66 115 167 77
Individuals marked 7 6 15 10 8
Lincoln-Petersen 547.3 487.1 368.8 777.9 441.0
Individuals / hectare 180.0 160.2 121.3 255.9 145.1
95% confidence interval 365–1796 319–1972 274–635 542–1811 299–1218
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Table 4-5. Distribution across study sections and relative abundance of different life stages. 21 
counts were carried 5 June – 7 July 2007. “Only head” denotes observations of turtle 
heads on the surface that could not be definitely assigned to a life stage; likely the 
majority were adult turtles. 

Section Area (ha) Life stage Total 
count 

Average 
number Range SD Average 

number / ha 

1 0.72 

Adult 15 2.1 1–4 1.5 3.0
Subadult 4 2.0 1–3 1.4 2.8
Hatchling 6 1.5 1–3 1.0 2.1
Only head 1 1.0 1–1 0.0 1.4
Total 26 2.4 1–5 1.6 3.3

2 1.16 

Adult 109 6.8 1–20 5.8 5.9
Subadult 0 0.0 0–0 0.0 0.0
Hatchling 1 1.0 1–1 0.0 0.9
Only head 3 1.0 1–1 0.0 0.9
Total 113 6.6 1–20 5.9 5.7

3 1.00 

Adult 351 17.6 7–36 7.1 17.6
Subadult 2 1.0 1–1 0.0 1.0
Hatchling 1 1.0 1–1 0.0 1.0
Only head 9 2.3 1–6 2.5 2.3
Total 363 17.3 1–36 7.7 17.3

4 0.32 

Adult 45 3.2 1–5 1.4 10.0
Subadult 2 1.0 1–1 0.0 3.1
Hatchling 0 0.0 0–0 0.0 0.0
Only head 3 1.0 1–1 0.0 3.1
Total 50 3.3 1–6 1.6 10.4

5 0.23 

Adult 78 5.2 1–15 3.9 22.6
Subadult 4 1.3 1–2 0.6 5.8
Hatchling 3 1.0 1–1 0.0 4.3
Only head 23 3.3 1–8 2.4 14.3
Total 108 6.4 1–17 4.5 27.6

6 0.68 

Adult 525 25.0 4–37 9.4 36.8
Subadult 61 3.1 1–7 1.9 4.5
Hatchling 81 4.5 1–9 2.5 6.6
Only head 101 5.1 1–13 3.9 7.4
Total 768 36.6 8–57 12.7 53.8

7 0.28 

Adult 253 12.0 4–25 6.0 43.0
Subadult 17 1.7 1–4 1.2 6.1
Hatchling 42 2.8 1–7 1.9 10.0
Only head 30 3.3 1–14 4.1 11.9
Total 342 16.3 5–47 9.5 58.2

8 0.12 

Adult 249 11.9 3–23 5.8 98.8
Subadult 15 1.5 1–3 0.8 12.5
Hatchling 8 1.1 1–2 0.4 9.5
Only head 38 3.5 1–12 3.3 28.8
Total 310 14.8 6–25 6.1 123.0

Continues… 
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Table 4-5. Continued 

Section Area (ha) Life stage Total 
count 

Average 
number Range SD Average 

number / ha 

9 0.51 

Adult 122 6.4 2–23 4.8 12.6
Subadult 13 1.4 1–2 0.5 2.8
Hatchling 12 1.3 1–2 0.5 2.6
Only head 49 3.3 1–9 2.2 6.4
Total 196 9.8 2–28 5.4 19.2

10 0.12 

Adult 34 2.4 1–7 1.8 20.2
Subadult 2 1.0 1–1 0.0 8.3
Hatchling 4 2.0 1–3 1.4 16.7
Only head 4 1.3 1–2 0.6 11.1
Total 44 2.8 1–8 2.2 22.9

11 0.25 

Adult 244 11.6 4–18 4.3 46.5
Subadult 14 2.0 1–4 1.2 8.0
Hatchling 25 2.1 1–4 1.2 8.3
Only head 29 2.4 1–7 2.2 9.7
Total 312 14.9 4–23 5.7 59.4

12 0.20 

Adult 467 22.2 3–40 10.0 111.2
Subadult 22 2.8 1–6 1.8 13.8
Hatchling 13 1.3 1–2 0.5 6.5
Only head 38 3.5 1–9 2.3 17.3
Total 540 25.7 7–44 10.6 128.6

13 0.33 

Adult 552 26.3 14–36 7.0 79.7
Subadult 32 2.3 1–5 1.4 6.9
Hatchling 53 3.1 1–5 1.3 9.4
Only head 40 4.0 1–12 3.6 12.1
Total 677 32.2 18–45 7.8 97.7

14 0.45 

Adult 262 12.5 5–27 5.6 27.7
Subadult 29 1.8 1–5 1.2 4.0
Hatchling 45 2.5 1–5 1.3 5.6
Only head 13 1.9 1–3 0.7 4.1
Total 349 16.6 8–32 5.8 36.9

15 1.04 

Adult 581 27.7 11–62 12.0 26.6
Subadult 36 2.1 1–5 1.1 2.0
Hatchling 55 2.8 1–6 1.5 2.6
Only head 67 3.9 1–8 2.5 3.8
Total 739 35.2 17–66 11.5 33.8

16 0.59 

Adult 343 16.3 4–29 5.8 27.7
Subadult 26 1.6 1–3 0.6 2.8
Hatchling 35 2.3 1–5 1.1 4.0
Only head 31 2.4 1–7 1.8 4.0

 Total 435 20.7 9–35 6.7 35.1

All 8.00 

Adult 4230 201.4 118–258 39.7 25.2
Subadult 279 13.3 3–25 5.8 1.7
Hatchling 384 18.3 4–30 7.6 2.3
Only head 479 22.8 5–64 15.9 2.9
Total 5372 255.8 177–346 42.2 32.0
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Table 4-6. Correlation coefficients between macrohabitat variables and turtle counts. 
 Sec Area Dt Twater BS CD Adu SHat Hat H T-H Total 
Section — -0.25 0.71 0.74 0.48 0.16 0.55 0.51 0.50 0.35 0.56 0.55
Area — -0.25 -0.25 0.42 0.45 0.19 0.10 0.11 0.07 0.18 0.17
Depth (Dt) — 0.74 0.34 -0.01 0.58 0.65 0.64 0.55 0.61 0.61
Twater — 0.27 0.07 0.49 0.57 0.56 0.52 0.51 0.52
Basking sites (BS) — 0.59 0.80 0.68 0.65 0.54 0.81 0.79
Compass direction (CD) — 0.49 0.28 0.24 0.17 0.46 0.44
Adults (Adu)  — 0.81 0.77 0.77 1.00 0.99
Subadults and hatchlings (SHat)  — 0.99 0.82 0.86 0.87
Hatchlings (Hat)  — 0.77 0.83 0.84
Heads (H)  — 0.80 0.84
Total without heads (T-H)  — 1.00
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CHAPTER 5 
SUMMARY AND CONSERVATION RECOMMENDATIONS 

Summary 

The unusual conditions of decreased tannin load during 2006–2007 allowed me to record 

observations on the ecology of Suwannee Cooters in an understudied habitat, the blackwater 

spring-fed river. Suwannee Cooters were abundant in the river section that I sampled, with an 

estimated 25 adults per ha of river. I also observed numerous hatchlings and juvenile turtles, 

suggesting a successfully reproducing population, although recruitment rates are unknown. 

Repetitive basking counts during favorable conditions (Tair higher than Twater) can be used to 

continuously monitor population trends, especially under normal conditions of high tannin 

concentrations when capturing turtles is difficult. 

Externally positioned temperature loggers (iButtons) are useful in revealing important 

biological data about the patterns of behavior of adult aquatic turtles. If coupled with more 

extensive knowledge about environmental conditions and individual movement across the 

habitat, they can be used to obtain precise, long-term continuous information on behavior and 

thermal preferences. 

I obtained thermal profiles of 10 individuals, although I could not discriminate specific 

basking events equally well. The data suggested that timing and duration of basking varied 

between individuals and were likely not linked to sexual differences. However, turtles rarely if 

ever undertook aerial basking if Tair was lower than Twater. It is unknown whether differences 

existed in core Tb and whether minor differences translated into biologically significant 

physiological and ecological consequences; however, turtles were likely actively maintaining a 

preferred Tb. 
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Turtle distribution throughout the habitat was positively correlated with the number of 

basking sites. Although the level of importance of aerial basking for elevation of Tb under the 

constantly warm water conditions of the Santa Fe River is yet to be determined, turtles basked 

extensively on logs and rocks, and utilized the submerged portions of these sites for refuge. 

Suwannee Cooters are highly vagile and capable of covering long distances rapidly. For 

adults, the propensity to move across the habitat, and the size of the actively used home range, 

varied extensively and were better explained by individual variation than by sexual differences. 

Whether long distance movements were predominantly a fleeing response to handling or occur 

naturally, and what is the relative distribution of “sedentary” and “nomadic” individuals, is 

unknown. 

Painting marks on the carapace was an inexpensive and useful method to track individual 

turtles for short periods of time. Application of more paint greatly increases the time the painted 

number can be recognized, and allows for observations of individuals up to six months after 

capture. 

Paddle boating had limited influence on the population, which was relatively abundant, 

healthy, and reproduced successfully in this stretch of the river. Individuals varied in their 

predisposition to terminate basking, but often resumed it within minutes of disturbance. Visual 

observation of the TiButton data suggested that turtles’ basking behavior was dependent on Tair 

more than the amount of boating traffic. However, their behavior was also partially decoupled 

from environmental conditions and turtles basked different amounts of time during days with 

similar weather conditions. 

My results support the notion proposed by the risk-disturbance hypothesis that habituation 

is only partial and that turtles have generalized threatening stimuli leading to fleeing. Individual 
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responses to disturbance varied in intensity, but whether short-term physiological or long-term 

psychological differences account for such behaviors was not determined. I recommend future 

studies of disturbance effects on riverine turtles to focus on quantifying physiological conditions 

of the organisms, since behavior-only observations are insufficient in determining the true 

impact of the disturbance. 

Conservation Recommendations 

Historically, turtles of the genus Pseudemys have attained high densities and biomass in 

rivers in Florida (Marchand 1942, 1945a; C. Jackson 1970; Carr 1983). Several recent studies 

have observed high densities (D. Jackson & Walker 1997; Huestis & Meylan 2004; this study) 

throughout the state, but these populations likely have experienced decreases from their historic 

numbers (Marchand 1945a; Meylan et al. 1992). D. Jackson (2006) provided extensive options 

and recommendations statewide for conserving P. c. suwanniensis. Here, I focus on suggestions 

relevant to the Santa Fe River population. 

Although likely not as numerous as in the recent past, the segment of the population I 

studied appeared stable. If conditions do not change, the Cooters will likely persist in numbers. 

However, several factors must be considered. 

Continued research of this and other populations of P. c. suwanniensis in blackwater rivers 

is needed in order to provide much needed baseline biological data, necessary for the 

establishment of adequate management and conservation practices. Long-term studies of 

population dynamics, focusing on recruitment, survivorship, and growth, will allow detection of 

trends and problems I could not observe due to the limited focus and time span of this research. 

Accumulating additional data should help to establish a monitoring program, a vital tool 

for turtle conservation. Turtles are characterized by high adult survivorship and longevity, but 

low recruitment coupled with high juvenile mortality and difficult detection of hatchlings. 
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Without an established monitoring program to detect lack of recruitment, a population with a 

large number of adult turtles, but no juvenile individuals, might collapse before conservation 

actions are taken. 

Boating and recreational uses of the Santa Fe River and similar water bodies are essential 

for their conservation by creating and maintaining an appreciation of their intrinsic beauty and 

importance. However, uses must be limited to those of minimal impact to the animals and the 

environment. The current low levels of paddle boating on the river along the River Rise Preserve 

State Park does not seem to be adversely affecting the population, but should likely not be 

exceeded if turtle abundance is to be preserved. 

Observations of turtle populations should be extended to other sections of the river 

experiencing heavier use by boats. The effects of motorboats, which might be more pronounced 

than disturbance from paddle boats, need to be studied, and regulations, if necessary, 

implemented concerning the use of waterways for recreational purposes. 

A management plan should be devised to control water hyacinth (Eichhornia crassipes), an 

introduced aquatic plant. Common throughout the sampled portion of the river, water hyacinth 

seem to outcompete other plants that provide refugia, surface basking, and food for Suwannee 

Cooters. In July 2008 E. crassipes covered at least 300 m of river surface about 1.5 km upstream 

from the US Highway 441 bridge and about 200 m of the river adjacent to the public boat ramp. 

This made boating almost impossible, practically stopped surface flow, and likely negatively 

impacted aquatic biota. 

This study further supports the importance of maintaining high amounts of debris to 

provide basking platforms for aquatic turtles. Enough forested lands extending to the edge of the 

river should be preserved to serve as natural source of snags and logs. Such “unimproved” river 
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features should lead to higher growth- and survivorship rates of turtles, and are essential for 

maintaining population size. 

Currently, debates exist about the addition of four additional large water-bottling 

companies within 5 km of the riverfront, besides the existing one. By drawing over 492,100 m3 

of spring water annually, the proposed changes will likely result in decreased river water levels, 

changes in river flow, vegetation and animal communities, and could have major adverse 

ecological effects. Such alterations in the riverine habitat are likely the biggest current threat to 

the population of the Suwannee Cooter in this section of the river. 

Turtle consumption for food, especially of the lucrative large female turtles, continues to 

be a major threat to chelonian populations world-wide. Current laws and regulations in Florida 

are ecologically unsound and allow the take of Suwannee Cooters (up to two turtles per day per 

person), with only a closed harvest season during primary nesting, from 15 April to 30 July. 

Therefore, even legal take can decimate a population rapidly. Furthermore, regulatory control is 

made difficult because enforcement officers need to be able to distinguish between the closely 

related species in the genera Pseudemys and Trachemys. Therefore, a complete statewide ban on 

the collection of riverine turtles should be implemented, except for scientific or conservation 

purposes. 
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APPENDIX A 
MORPHOMETRIC PROCEDURES 

I placed turtles in a plastic mesh bag and used appropriately sized Pesola spring scales 

(Pesola AG, Baar, Switzerland; 10 kg, 2.5 kg, 1 kg, 500 g) to record body mass to the nearest 

mark. The weight of the bag was measured before each weighing and subtracted from the total 

weight. I took shell dimensions to the nearest millimeter using digital and tree calipers. Straight 

carapace length (CL) was measured dorsally along the mid-dorsal line from the tip of the nuchal 

scute to the seam between the two supracaudal scutes. I took straight plastron length ventrally 

along the mid-dorsal line from the seam between the gular scutes to the seam between the anal 

scutes. I moved the calipers front to back over the shell and recorded the greatest width as a 

maximum shell width. Shell depth was measured along the mid-dorsal line by placing the bottom 

part of the calipers on the plastron of the turtle, and then placing the top part of the calipers on 

the carapace. I recorded the length of the longest foreclaw from its visible point of emergence 

from live tissue to the tip. I determined sex based on the size and shape of the tail, the position of 

the cloaca relative to the base of the tail, the shape of the carapace, and the length of the fore 

claws. Turtles with non-discriminate sex characteristics and ones with CL < 200 mm were 

considered unknown-sex subadults. Pictures of the carapace and the plastron of each turtle were 

taken as vouchers and for subsequent verification, using unique color patterns or shell 

characteristics. 
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APPENDIX B 
TUKEY MULTIPLE COMPARISON OF MEANS  

Table B-1. Tukey multiple comparisons of means 95% confidence level test comparing 
individual turtles’ mean TiButton. 

Factor Difference Lower Upper p adjusted  
iB1109-iB1122 0.483 0.367 0.600 0.000
iB1109-iB1133 0.417 0.301 0.534 0.000
iB1109-iB1137 0.260 0.143 0.376 0.000
iB1109-iB1140 0.221 0.104 0.337 0.000
iB1109-iB1145 0.844 0.728 0.961 0.000
iB1109-iB1151 0.436 0.317 0.555 0.000
iB1109-iB1152 0.085 -0.032 0.202 0.383
iB1109-iB1245 0.216 0.099 0.332 0.000
iB1109-iB926 0.186 0.070 0.303 0.000
iB1122-iB1145 0.361 0.244 0.478 0.000
iB1133-iB1122 0.066 -0.051 0.183 0.741
iB1133-iB1145 0.427 0.310 0.544 0.000
iB1133-iB1151 0.019 -0.100 0.137 1.000
iB1137-iB1122 0.223 0.107 0.340 0.000
iB1137-iB1133 0.157 0.041 0.274 0.001
iB1137-iB1145 0.585 0.468 0.701 0.000
iB1137-iB1151 0.176 0.058 0.295 0.000
iB1140-iB1122 0.262 0.146 0.379 0.000
iB1140-iB1133 0.196 0.080 0.313 0.000
iB1140-iB1137 0.039 -0.078 0.156 0.988
iB1140-iB1145 0.624 0.507 0.740 0.000
iB1140-iB1151 0.215 0.097 0.334 0.000
iB1151-iB1122 0.047 -0.071 0.166 0.962
iB1151-iB1145 0.408 0.290 0.527 0.000
iB1152-iB1122 0.398 0.282 0.515 0.000
iB1152-iB1133 0.332 0.216 0.449 0.000
iB1152-iB1137 0.175 0.058 0.291 0.000
iB1152-iB1140 0.136 0.019 0.252 0.009
iB1152-iB1145 0.759 0.643 0.876 0.000
iB1152-iB1151 0.351 0.232 0.469 0.000
iB1152-iB1245 0.130 0.014 0.247 0.015
iB1152-iB926 0.101 -0.015 0.218 0.155
iB1245-iB1122 0.268 0.151 0.384 0.000
iB1245-iB1133 0.202 0.085 0.318 0.000
iB1245-iB1137 0.044 -0.072 0.161 0.972
iB1245-iB1140 0.005 -0.111 0.122 1.000
iB1245-iB1145 0.629 0.512 0.745 0.000
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Table B-1. Continued 
Factor Difference Lower Upper p adjusted  
iB1245-iB1151 0.220 0.102 0.339 0.000
iB926-iB1122 0.297 0.180 0.414 0.000
iB926-iB1133 0.231 0.114 0.348 0.000
iB926-iB1137 0.073 -0.043 0.190 0.605
iB926-iB1140 0.034 -0.082 0.151 0.995
iB926-iB1145 0.658 0.541 0.775 0.000
iB926-iB1151 0.250 0.131 0.368 0.000
iB926-iB1245 0.029 -0.087 0.146 0.999
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