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ABSTRACT

Little information is available on the movement behavior of any of the subspecies
of Sternotherus minor. Most published studies on the species focus on other aspects of
its life history and phylogeny. This paper presents the findings of an investigation begun
in May 2004 of movements, overwintering strategy, and diel activity of a population of S.
minor peltifer in Whiteoak Creek, a tributary to Kentucky Lake (impounded Tennessee
River) in Houston and Humphreys counties, Tennessee. Using radio telemetry and
Geographic Information System (GIS) technologies, 14 individuals (6 males, 8 females)
were relocated once weekly for periods ranging from 9 to 50 weeks. Their movements
were plotted in relation to assorted physical and biological features in and along the
strcam. Movements over the 24-hour cycle were also monitored on 7 occasions. Data
obtained suggests a lincar-shaped home range (mean 341.4 m) extending along stream
rcaches with ample shoreline cover. Mean length of home ranges of males (335 m) was
not significantly different from that of females (346 m). Of 7 distinct microhabitats
utilized overall, submerged limestone bluffs and vegetated hmestone outcrops were the
most frequented accounting for 58.0% and 16.0%, respectfully, of all initial captures and
relocation points. During winter months (December - March), however, only 5
microhabitats were used, with limestone bluffs at 72.4% and vegetated limestone
outcrops at 20.4% topping the list. Frequency of usage by males and females also
differed throughout the vear. The mean depth of relocation points throughout the study
was 0.88 m with depths for females exceeding that of males. Seven turtles were
essentially inactive between December and March, while 4 individuals remained

minimally active. Movements observed over the 24-hour cycle suggest a nocturnal



pattern of behavior especially among females and during the months of July and August.
During the fall months, no preference was exhibited for any particular part of the 24-hour

cycle.
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CHAPTER I
INTRODUCTION

Little to nothing has been published about the overwintering behavior, movement,
and diel activity of Sternotherus minor (Stripe-necked Musk Turtle), and the information
that is available does not identify which subspecies (S. m. minor or S. m. peltifer) was
examined when it was obtained. In their account for S. minor, Emst et al. (1994) mention
that 1) activity occurs both day and night with peaks in the morning, 2) soft bottom,
submerged rock cervices, or muskrat bank burrows are utilized as hibernacula, and 3)
hibernation occurs December through February in the northern portions of it’s range.
Studies of these life history aspects via radio telemetry in other members of the genus are
also limited. Dodd et al. (1988) studied movements using radio telemetry, but
determined diel behavior of S. depressus in Alabama by capture data. Other diel behavior
studies conducted within the genus involved S. odoratus (Smith and Iverson, 2004,
Bancroft et al., 1983; Graham and Hutchinson, 1979; Lagler, 1943; Emst, 1986; and
Mahmoud., 1969) and S. carinatus (Mahmoud, 1969). The role of temperature in
determining levels of activity in S. minor has not been investigated.

Considering the paucity of basic information on the ecology and behavior of §. m.
peltifer, this study focused on several aspects (overwintering behavior, movement
patterns, and diel rhythm) of the life cycle of this aquatic turtle. The data obtained can be
used by resource managers in both public and private sectors to help ensure that this and

related species remain a part of the biota of Tennessee and the southeastern United States.



Literature Review

Overwintering Behavior in Turtles

Ultsch (1989) suggested that the hibernacula of turtles overwintering in water are

often found in hypoxic environments and that selection of anaerobic or hypoxic
hibernacula will produce physiological adaptations. For example, selecting anaerobic
hibernacula causes turtles to utilize glycolysis for ATP production (Gatten, 1987). The
physiological adaptations to overwintering will unequivocally influence ecological and
life history aspects of the organism (Gregory, 1982). Conversely, aspects of the ecology
and life history of an organism, such as overwintering strategies and movements, will
influence the physiological adaptations of the organism as well. Therefore,
overwintering microhabitat selection plays an extremely important role in survival.

Overwintering is the widely accepted term used to describe the response behavior
of reptiles in colder environments (Gregory, 1982; Ultsch, 1989). This and similar
response behaviors to environmental changes allow reptiles to survive the winter and
other harsh conditions like drought and lack of resources (Ultsch, 1989). Mortalities in
aquatic turtles have been shown to increase when the environmental conditions are colder
(Ultsch, 1989), thus demonstrating the importance of selecting overwintering habitat.
Overwintering is probably influenced by three factors: climate, body size, and food
supply (Gregory, 1982), with the latter having the most dramatic influence. Some
reptiles, including turtles, living in higher latitudes (North or South) spend the majority of
the year in an overwintering state (Ultsch, 1989), thus increasing the importance of

selecting appropriate hibernacula to increase survival.



In selecting an aquatic hibernaculum, two factors (freezing and desiccation) are
alleviated that would be problems in terrestrial hibernation (Ultsch, 1989).
Overwintering in the running water of streams or deep waters of lakes is adaptively
advantageous because freezing rarely occurs (Ultsch, 1989). Aquatic hibernacula present
oxygen-availability issues because of the anoxic environment on the bottom and ice cover
above, which prevents turtles from reaching the surface (Ultsch, 1989). Other problems
associated with turtles using aquatic hibernacula involve maintaining water balance, ionic
balance, and avoiding predation (Ultsch, 1989).

Movement and Diel Patterns in Turtles

Life history and ecology are intimately related to an organism’s movement
patterns (Gibbons et al., 1990). Movement data (home range and diel) of any species will
clucidate the habitat requirements needed (basking sites, feeding, cover, and mating) in
the species’ aquatic ecosystem. Home ranges and movement are intimately connected to
the daily and seasonal habitat needs of the species. Turtle movement can be classified
into two categories: spatial and temporal (Gibbons et al., 1990). Spatial movements can
be further classified as intrapopulational (short-range) or extrapopulational (long-range),
and temporal movements can be partitioned as daily (diel), seasonal, or sporadic
(Gibbons et al., 1990).

All movements require the expenditure of energy to acquire necessary resources
to survive and increase reproductive success. Data on movement patterns (daily and
seasonal) lead to an understanding of the cost and risk of acquiring energy, the total

energy budget, and the benefits of movement (Rowe and Moll, 1991). Short-range

(intrapopulational) movement patterns are important for ectothermic organisms in



thermoregulation (basking or thermal regulating behavior), feeding (to acquire energy for
maintenance, growth, reproduction, and storage), dormancy, courtship, and predator
avoidance (Gibbons et al., 1990; Gouley, 1979). Studying seasonal or long-range
(extrapopulational) movements provides information on breeding patterns (e.g. mate
seeking), nesting habits, habitat usage over the annual cycle, foraging patterns, dispersal
of young, and migration associated with overwintering and aestivation (Gibbons et al.,
1990).

Information on an organism’s diel patterns, which are a component of short-range
movements, reveals the nature of its activity over the 24-hour cycle. This activity can be
characterized as nocturnal, diurnal, or crepuscular. A species’ diel behavior could be
adaptive to maximize efficiency for physiological processes or the result of competition
in an ccosystem (Gourley, 1979). Competition for the same resource could spatially
separate species in an ecosystem but could also create a temporal separation resulting in
different diel behaviors among the species with similar resource requirements (Gourley,
1979).

The Study Animal

Taxonomy and Nomenclature

A member of the family Kinosternidae, Sternotherus minor was first described
by Agassiz (1857) from Mobile County, Alabama, under the name Goniochelys minor.
In 1862 the name was changed by Strauch to Armochelys minor (Iverson, 1977b). The
currently accepted binomial, Sternotherus minor, was provided by Stejneger (1923).

Sternotherus minor includes two recognized subspecies: Sternotherus minor minor and



Sternotherus minor peltifer (Tinkle and Webb, 1955), the latter being the focus of this
study.

The family Kinosternidae has a controversial phylogeny that is still being
deciphered (Iverson, 1998). Many studies have attempted to determine the phylogeny
and relationships between the members of the family and for the genus Sternotherus
(Seidel and Lucchino, 1981; Seidel et al., 1986; Emst et al., 1988; Iverson, 1991; Iverson,
1998). Seidel and Lucchino (1981) used an electrophoretic analysis to determine that S.
depressus and S. minor are genetically distinct sister species. Iverson’s (1977a and 1998)
and Tinkle’s (1958) findings supported the conclusions of Seidel and Lucchino (1981).
While using a different approach to the question (shell morphology). Emst et al. (1988)
determined that Kinosternon minor peltifer (today know as S. m. peltifer) growth curve
was significantly different than the other species in the complex (Sternotherus). This
suggests that S. m. peltifer and S. depressus are distinct species. The phylogenetic
controversy lies in the separation of Kinosternon to create Sternotherus (Seidel et al.,
1986: Iverson. 1998: Iverson, 1991). Seidel et al. (1986) and Iverson (1991) concluded
there was not enough evidence to support the split of Sternotherus from Kinosternon.
However, Iverson (1998) provided ample genetic evidence for the monophyly of the
genus Srernotherus and its resurrection from the synonymy of Kinosternon.
Life History

Sternotherus minor peltifer has not been thoroughly studied. In most studies that
mention or include S. m. peltifer, the turtle is not the main target taxon. A diet

assessment (Folkerts, 1968) and two population analyses (Guyer and Herndon, 1992;

Williamson, 2001) are the only studies that focus directly on the subspecies. More recent



literature on S. m. peltifer has involved reports of new county records from Tennessee
(Scott et al., 2000) and Mississippi (Jones et al., 1993). In addition, one master’s thesis
has been written (Williamson, 2001) providing substantial data on the structure, habitat,
and distribution of the Whiteoak Creek population, but limited information on

movements.

Geographic Distribution

The range of Sternotherus minor (Figure 1) includes all or portions of seven
southeastern states: Florida, Georgia, Alabama, Mississippi, Tennessee, North Carolina,
Virginia (Iverson, 1977b; Emst et al., 1994; Conant and Collins, 1998). The subspecies
S. minor minor occurs throughout most of Georgia, the northern half of Florida’s
peninsula and all of its panhandle, and in southeastern Alabama westward to the Mobile
Delta. Sternotherus m. peltifer ranges from the panhandle of Florida westward to eastern
Mississippi and northward through most of Alabama and northwestern Georgia to eastern
Tennessee and extreme southwestern Virginia (Emst et al., 1994; Iverson, 1977b; Conant
and Collins, 1998). Ranges of the two subspecies are sympatric over most of the Florida
panhandle and southeastern Alabama. A population discovered by Scott et al. (2000) in
the Whiteoak Creek drainage (tributary to Tennessee River) of Houston and Humphreys
counties, Tennessee. is 120 km north of the nearest known population in Landerale
County, Alabama (Mount, 1975).

Other Related Literature

Additional references relevant to this project and to S. minor or closely related

taxa follow and are listed by subject: Distribution — Warton and Howard (1971), Tinkle
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Figure 1. The distributions of Sternotherus minor minor and Sternotherus minor peltifer are allopatric except in parts of
southern Alabama and the panhandle of Florida. Map adapted from the one by Conant and Collins (1998).



(1959); Reproductive cycle — Cox and Marion (1978), Etchberger and Ehrhart (1987),
Iverson (1978), Etchberger and Stovall (1990); Growth model — Cox et al. (1991);
Physiology — Hutchison et al. (1966), Goin and Jackson (1965); Behavior — Jackson
(1969), Berry (1975); Phylogeography — Walker and Avise (1998); Movement (in S.
depressus) —Dodd et al. (1988); General — Ernst et al. (1994), Ernst and Barbour (1989).
Objectives

The objective of this study was to obtain basic information on the following
aspects of the life history of S. m. peltifer: 1) the overwintering strategy in terms of
microhabitat preferences and movements, 2) home range characteristics in terms of size
and general habitat requirements, 3) seasonal and diel activity patterns, and 4) the

influence of water temperature on movement and habitat selection.



CHAPTER II

STUDY AREA

Whiteoak Creek flows some 42 km through Houston and Humphreys counties
before emptying into Kentucky Lake (impounded lower reaches of the Tennessee River)
at river mile eighty-two (Figure 2). The area drained by Whiteoak Creek is part of the
Western Highland Rim ecoregion, which is part of the Interior Plateau (Amwine et al.,
2000). The Interior Plateau (designated ecoregion 71) extends from Ohio to the northern
tip of Alabama, and includes 5 Level IV ecoregions: Western Pennyroyal Karst (71e),
Western Highland Rim (71f), Eastern Highland Rim (71g), Outer Nashville Basin (71h),
and Inner Nashville Basin (711) (Amwine et al., 2000).

The Western Highland Rim covers 13.9% of Tennessee’s land area (Amwine et
al., 2000) and 1s underlain mainly by bedrock of Mississippian Age, plus smaller amounts
of Pennsylvanian and Devonian Age (Quarterman and Powell, 1978). The bedrocks are
carbonate in composition and include limestones of the St. Louis and Warsaw series.
Ridges contain dolostones and cherty Cretaccous gravel; slopes consist of Fort Payne
Chert (Quarterman and Powell, 1978; Chester and Ellis, 1989). Carbonate rock, which
releases calcium carbonate into water, aids in the natural buffering system of streams and
groundwater, thus stabilizing the pH of the waters and resulting in healthy aquatic
ecosystems (Etgen et al., 2002). The Tennessee Stream Condition Index (TSCI) for the
Western Highland Rim has a mean score of 31.9 with a rating of good (Arnwine et al.,
2000). With the diversity of fish being highest in the Ecoregion and the TSCI scores

classified as good, the study stream appears to be in healthy condition.
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The study area soils are a mixture of acidic and low to moderate fertile red and
yellow podsols (Amwine et al., 2000; Chester and Ellis, 1989). Baxter, Brandon,
Dickson, Ennis, Hawthorne, Mountview, Saffell, and Sulphura are the soil types found
throughout Houston and Humphreys counties (Wildermuth and Odom, 1958; Welles et
al., 1946). Today, the area is dominated by oak-hickory forests with all counties found
within the Western Highland Rim having at least 50% of the land covered by secondary
forests (Chester and Ellis, 1989). Chester and Ellis (1989) describe the forests as being
dominated by four genera: Acer, Carya, Quercus, and Ulmus.

The nearest location to the study area with historic climatologic data is in Erin,
Tennessee in Houston County. Erin is located 12.5 km from Gander Bridge site and 13.5
km from Spout Spring site. The mean annual temperature is 13.9 °C with July (26 °C)
being the warmest month and January (1 °C) being the coolest month.  Annual mean
precipitation is 113 mm with the month of March (137.2 mm) being the wettest and the
month of October (89.2 mm) being the driest. All climatic data were obtained from the

following website: www.weather.com.
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CHAPTER III

MATERIALS AND METHODS

Primary Collection Locations

Three sites (Spout Spring- 36° 15° 07"N, 87° 48’ 56"W; Rushing Bluff- 36° 14’
58"N, 877 48" 45"W; and Gander Branch- 36° 13’ 30"N, 87° 46" 18"W) along Whiteoak
Creek served as the main source of study specimens. These locations were chosen
because of case of their access, permission by landowners to access them. and the known
numbers of S. m. peltifer previously captured at each (Williamson, 2001). All three are
similar by having limestone bluffs and several fallen trees. Two stream assessments
adapted from the Red River Watershed Association Site-Specific Stream Visual
Assessment Protocol were conducted at Gander Bridge and at a location between Spout
Springs and Rushing Bluff. The stream assessment assigns a rating between 10 and 40,
the latter being the highest for quality. The final rating is derived from evaluations of
cight stream features: riparian zone (rate each bank), bank stability (rate each bank),
canopy cover, aquatic insect/invertebrate habitat, riffle and pool sedimentation, water
appearance/characteristics, nutrient enrichment, and channel condition. Each feature is
scored on a scale from 1 to 4, with riparian zone and bank stability receiving scores for
cach bank. The Gander bridge site scored 28, while the stream site between Spout
Springs and Rushing Bluff scored 30. Both sites had erosion problems on one bank due
to trampling by cattle.

Capture and Tracking Methods

Recent attempts to capture S. minor peltifer with funnel traps in Whiteoak Creek

X 5 11 o) J mo
vielded only individuals of larger aquatic turtle species (Williamson, 2001). Wading
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and snorkeling were very effective. The latter of the two techniques was used in this
study. All turtles were marked for identification using a modification to Cagle’s (1939)
method.

To document movements, habitat use, and duration of overwintering time, radio
transmitters (Wildlife Materials International model: SOPB-2190) originally designed for
small birds (quail and parrots) were affixed to 15 individuals (6 males, 8 females). This
particular model was selected for its compact size (33 mm x 13 mm x 8 mm), weight (4.6
- 5.0 g), and battery longevity (~248 days). Radio signals emitted from the transmitters
were picked up by a telemetry receiver (LA12-DS) and antenna (M-Yagi) purchased
from AVM Instruments Company, Ltd. The LA12-DS telemetry receiver and SOPB-
2190 transmitter functioned at a low frequency range of 49.000 to 49.999.

Monitoring Thermal Relationships

In addition to the SOPB-2190 transmitter, an iButton” Thermochron (Model DS
1921G-F5) thermal sensor was also attached to the carapace of each study animal. These
dime-sized (~ 17 mm diameter x 6 mm height and ~ 3.1grams weight) thermometers log
temperature (accurate 0.1 °C) and time (+ 2 seconds per month). Angilletta and
Krochmal (2003) evaluated the performance of a similar model, the iButton®
Thermochron (Model DS 1921-F51), and found the instrument to be accurate to 0.3°Cin
a libratory test and 0.3 = 0.1 °C when submerged underwater for 7 days. The iButton®

— I~ 2
Thermochron products can be programmed to log temperature at intery als from 1-255

readings per minute. This allows water temperature to be compared to the habitat being

selected by an individual turtle, and to see the relevance of temperature in relation to
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movements. In this study, the iButton® Thermochron was programmed to take one

temperature reading every 180 minutes (3 hours) for a total of 256 days.
Waterproofing and Affixing Transmitters and Sensors
Transmitters came pre-sealed with a waterproofing material. The iButtons” were
guaranteed waterproof only at depths of less than one meter, so they were encased in a
waterproofing substance (PC-Superepoxy”) after being attached to each specimen. Both
the thermal sensors and transmitters were applied to the carapace with the PC-
Supcrcpoxyk adhesive. Before application, a section of the carapace was cleaned (i.e.
removal of dirt and algae), dried, and scuffed via sandpaper. Then the epoxy was applied
and the transmitter and thermal sensor set into place. The transmitter and thermal sensor
were held in place with rubber bands for at least 12 hours in order to dry. The total
package weight (8 grams) ranged from 3.2 % to 7.6 % of the individual turtle’s mass. Six
individuals (5.1 %, 5.2 %, 5.5 %, 5.8 %, 7.3 %, and 7.6 %) violated the 5 % package to
mass ratio.
Sampling Schedule

During the study, which extended from May 2004 to April 2005, each site was
visited once a week to relocate study specimens and to acquire data on habitat and abiotic
conditions. Some weeks the sites could not be sampled due to elevated waters. Once

specimens were fitted with transmitters and thermal sensors and released, the number of

days spent tracking was determined by the longevity of the transmitters. During the time

turtles were active, 7 days were spent monitoring 10 individuals (5 males: 5 females)

from the Gander Branch site for diel behavior. This site was selected because of the

mi mber of days spent
number of individuals in close proximity to one another. The total nu ys sp
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monitoring each individual’s diel behavior was determined by the time of capture and

duration of transmitter life. Six individuals were monitored for 7 days, one for 6 days,

one for 5 days, and two for 4 days each. This effort involved obtaining radio fixes of each
individual on an every-other-hour basis over the 24-hour cycle. Once the position of a

turtle was determined, it was recorded with a Tremble™ GPS receiver and a Trimble
Survey Controller™,

Five days (16 August, 2 September, 23 September, and 4 November) were sampled
on even hours, while 2 days (27 July and 12 August) were sampled on odd hours. This
change was due to delays in my arrival time at the creek caused by traffic congestion. On
27 July and 12 August no data were take between 0700 and 0900 hours: on 16 August
and 2 September no data were obtained between 0600 and 0800 hours.

Geographical Information System Technologies and Analysis

The home range size, distance traveled, and dicl movements were analyzed by GIS
software ESRI ArcGIS 9, ArcView 3.2, and an online distance calculator found at the
tbllm\‘ing web address: http: grapevine.abe.msstate.edu ~fto calculator converte.html. Digilal maps
were created of all three sites using ESRI ArcGIS 9, the Tremble™ GPS receiver, and a
Trimble Survey Controller™ (Figures 3 and 4). Animal Movement Analyst Extension
(AMAE) Version 2.0 (Hooge and Eichenlaub, 2000) in ArcView 3.2 calculated the 100%
minimum convex polygon (White and Garrott, 1990), and the shape file was imported
into ArcGIS 9 for analysis. In home range studies, the minimum convex polygon (MCP)

historically has been the most commonly incorporated method in the analysis (White and

Garrott, 1990), but the MCP has limitations. The area calculated may include and

exclude areas traversed and not traversed by the organism, thus limiting the accuracy of
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the home range analysis (Figure 5). These limitations appear to magnity in regards to
fresh-water. stream-dwelling turtle species. With increased sinuosity of the stream.

accuracy of the calculation of home-range area decreases when using the minimum

convex polygon method because it includes terrestrial habitats (cattle pastures, wood

ridges. and habitat adjacent 1o large vertical bank cuts) not likely to be traversed and

excludes aquatic habitats that are likely utilized Plummer and Shirer (1975) mentioned

the same 1ssues with the MCP in a study on Apalone muticus. Because of this. the linear
home range distance and aquatic surface area (100% minimum convex polygon) was the
best estimation of actual home range dimensions. Burt (1943) defines an animal’s home
range as the area an individual occupies during the collection of food. mating and
parental care. For this study. home range was defined by all the relocation points and any
area traversed by the animal during the study period.

The use of the Tremble™ GPS receiver and a Trimble Survey Controller™
allowed the construction of digital site maps used in the analysis of home range
characteristics and microhabitat preferences. The hibernacula and microhabitat
preference within a home range were described for the following vanables:
cover/substrate. depth. and temperature. Cover/substrate included the following
categories: submerged limestone bluffs. vegetated rocky outcrops. bank with exposed

root system, woody debris (includes fallen trees, snags. and log jams). unconsolidated

bank. water willow. and open waters. In the analysis of the diel behavior. the U.S. Naval

Observatory Astronomical Applications Department website (http://aa.usno.navy.mil)

was consulted when determining precise times of daylight and darkness.
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Statistical Analysis and Software
MINITAB® version 14.13 statistical software was used for all statistical analyses

except for the Chi-square analyses which were preformed in KeyStat 1.5. All analyses
used an alpha of 0.05. Home range and depth analyses between the genders and the
analysis of home range length between violators and non-violators of the 5% package
weight to body ratio used a Mann-Whitney Test. Microhabitat data were analyzed using
Chi-square goodness of fit, and a Chi-square test of independence was used on the sex
microhabitat comparison. Linear regression was used in comparing mass of an individual
turtle to home range length, creek temperature to turtle temperature, mean monthly
distance traveled to creek temperature, and mean monthly depth to creek temperature.
Mean monthly distance and depth were analyzed with a General Linear Model (GLM) 1o
incorporate the repeated measures nature of the design, and a Tukey's test at a 95%
confidence level was preformed to determine which months significantly differ from one
another. Diel movements used logistic regression and GLM analyses, taking into account
the repeated measures design. Logistic regression was used to analyze frequency data for
darkness and daylight movements, movements within individual 2-hour intervals, and
between the sampling episodes to determine a behavioral shift. To account for the zeros

vy i ) - s WeTe ed by first
and lessen the skewness, individual turtle’s mean distances were calculated by

. ; es were ted for each 2-
summing distance within an interval, and then mean distances were calcula

—. 2 ¢ ' IUI'C

- : ‘hibi vements, thus
of the data was due to the large number of times animals exhibited no mo

skewing the data
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CHAPTER 1V

RESULTS

Home Range and 0verwintering Behavior

The mean linear home range size for all (N = 14) turtles studied was 341.4 m. and

there was no significant difference between the sizes of home ranges of individuals
o

whose package weight to body weight was above and below 5% (W =36.0, P=0.273).

Also, no correlation (r* = 0.729, P = 0.35) was found between the mass of the individuals

and the mean length of their home ranges (Figure 6). The individual home-range lengths
were extremely variable ranging from 35 to 1283.2 m (Table 1). Male (335.0 m) and
female (346.0 m) linear home ranges were comparable in length and did not differ
significantly (W = 37.0, P = 0.333) from one another. Eleven out of 14 turtles (4 males:
7 females) moved a distance of at least 100 m on one or more occasions between
relocation points. Of the 3 turtles that never traversed a distance of 100 m or greater, two
were males and one was female. Most turtles displayed a strong site fidelity returning
periodically to the same general area (main activity center) within the home range (Table
2 and Appendix). Over half (64.5%) of the relocations for each individual turtle, on
average, was within 10.8 m of each other (Table 2). Site fidelity data were pooled only
for summer and autumn months when turtles were most active. Throughout the study,

: ; ior week’ i ' an
47.0% of all relocation points were located at the prior W eek s relocation point for

o ; exes. was no
individual turtle. Home ranges overlapped among and between the sexes. There

; . - evi of territorialit
instance where separation was evident, thus turtles showed no evidence y

(Figures 7 and 8).
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Table 1. Data on mass, telemetry to mass ratio, and home range size for 14 individual

S. m. peltifer tracked in Whiteoak Creek, Houston and Humphreys counties
Tennessee, from May 2004 to April 2005. ,

Home range
Individual Telemetry Package
ID(sex) Mass (g)  to Turtle Mass Ratio  Lenght (m)  Area (sqm)  Area (ha)
0-8 F 254 3.2 450.8 §949.0 0.895
2-9 F* 139 5.8 7239 13545.5 1.355
11-3 F* 146 5.5 379 89.6 0.009
I-11F 237 34 416.1 4900.0 0.490
10-8 F 162 4.9 518.0 5813.5 0.581
9-0 F* 153 5.2 122.8 1318.3 0.132
0-0 F* 158 Sl 219.0 31825 0.318
2-8 F 169 4.7 279.5 37374 0.374
10-11' M 177 4.5 1283.2 223240 2:232
2-1 M 169 4.7 199.0 2981.5 0.298
11-10 M* 110 7.3 35.0 2426 0.024
2-2 M* 105 1.6 2455 2676.1 0.268
8-8 M 162 4.9 7.8 162.1 0.016
8-1 M 166 4.8 240.4 2623.3 0.262
Mean + SE 164.8 + 10.8 5.1£0.32 3414903 51821645 0.518%0.17

. I >xceeded 5% of bodv weight
*Individuals whose telemetry package weight exceeded 5% of body weig



Table 2. Total number of relocation points and length of total home range for cach study animal compared to the longest
dimension of the main activity center, the number of relocation points therein, and the percent of all relocation
points recorded in the main activity center in Whiteoak Creck, Humphreys and Houston counties, Tennessee,
from May 2004 to April 2005.

Individaal's Total Home Range Mam Activity Center Within Home Range
ID(sex) No. Relocation Ponts Hore Range Length(m) Longest Dimension(m)  No. RelocatonPomts % of Total Relocation Pamts
0-8F 26 498 3 24 923
2-9F 19 759 2l 13 684
113F 31 319 5 2] 677
111 F 18 4161 4 5 278
103 F 19 5180 2 13 684
9-0F 9 128 8 8 889
6-0F 34 2190 14 29 853
2-8F 24 2/ 5 17 16 66.7
10-11 M 12 2832 # 5 417
2-1M 16 1990 6 12 750
11-10 M 34 350 7 20 588
2-2M 21 2455 12 9 429
8-8M 10 78 0 S 500
8-1M 13 240 4 18 9 692
Meant SE 204 £ 225 34141+ 903 108 +249 135¢2.02 64.5¢ 50

14
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Figure 7. Example of home range overlap and microhabitat sharing by two male and one female S. m. peltifer in Whiteoak

Creek at the Gander Branch site, Humphreys County, Tennessee.
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The overall mean distance moved for all turtles varied throughout the study, and
differed significantly (F=2.44, p= 0.010) among months (Figure 9). Distances moved
were noticeably greater from April through November with a spring peak in June and a
fall peak in October. In December, the length of travel dropped off sharply and remained
at its lowest point through March. Using Tukey’s method at a 95% confidence interval,
significant differences were revealed between the mean distance moved in June and
January (t = 3.46, P =0.038), June and February (t = 3.5, P = 0.034), and June and March
(t=23.38, P=0.047). Female 2-9 was only relocated twice between October and
December due to equipment problems and because of this it was excluded from these

months in the mean monthly distance and depth analyses.

Attempts were made to monitor the creek temperature throughout the study.
Twice the temperature senor was lost during excessive flooding. However, temperature
data were obtained for the months of August 2004 through April 2005. A lincar
regression analysis was used to examine the relationship between mean creck
temperatures and mean distances traveled for those months. Results revealed that the
mean distance traveled was significantly correlated in a positive manner to the mean
monthly temperature (r =0.526, P=0.027) (Figure 10). Only one iButton” was

retrieved from of a study turtle (female 9-0) with a functioning transmitter. Unfortunately

this turtle was discovered dead in an open field. rendering the temperature data unusable

. - ® i o e xtending from
for the purposes of this study. Another iButton” with temperature data ¢ g

Tuly 2004 to April 2005 was removed from male 8-9 at Gander Branch. This turtle’s

: ' ing in no data on its
transmitter however, failed two days after being deploy ed resulting

; : in Fi e temperature
where abouts during most of the periods. Still, as 1€t caled in Figure 11, th P
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Figure 9. Mean distance moved each

month by S. m. peltifer being tracked in Whiteoak Creek, Houston and Humphreys
counties, Tennessee, from May 2004 to April 2005
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Figure 11. Mean monthly temperatures in Whiteoak Creek, from July 2004 through April 2005 based on data
collected from 2 iButtons®. one deployed directly in stream, the other attached to the carapace of study animal 8-9

0t



31
regime from the iButton®™ on male 8-9 was positively correlated (r* = 0.989, P = 0.000)
with that of the iButton® placed directly in the creek at the Gander Branch site. Therefore,
it seems reasonable to conclude that the creek and turtle temperatures fluctuated in a
relatively consistent manner throughout the tracking area over the study period.

Data on overwintering behavior were collected on only 11 of the 14 turtles
because the transmitters on the other three (male 8-8, female 9-0, and female 10-8) failed.
Seven turtles (4 males: 3 females) revealed no activity throughout the winter, while four
(1 male: 3 females) were active to varying degrees. Exactly when turtles entered the
inactive period varied with the individual but occurred mainly between 11 November and
12 December. The mean distance moved by turtles that remained active during the winter
was minimal (Figure 9). The resurgence of movement in spring occurred over a more
contracted time period than the fall slow-down leading up to winter. Turtles began
moving within a two week time period between 31 March 2005 and 19 April 2005. Due
to transmitter failure in the winter months, only 5 of the 7 turtles that were inactive
during the winter were documented emerging from dormancy. Only 2 turtles (males 2-1
and 2-2) moved outside of their known home range to over-w inter (Figure 12 and 13).
Like all other turtles. females 11-3 and 6-0 remained in the area where they were active
during summer and fall (Figure 14). Three male turtles (2-2, 2-1, and 10-11) traversed
distances downstream of 184 to 200 m to overwintering habitats. Male 2-1 traveled
193 m from 16 November to the 21 November 2004, where he remained sedentary until

, o 2
11 April 2005 (Figure 12). Male 7.2 moved 200 meters between 22 October and 29

i mstream to remain
October 2004, and then 2 weeks later moved a short distance downstre

s eoritt ioure 13). Male 10-11
sedentary for the remainder of the transmitter’s battery life (Figu )
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Figure 12. Map of the Gander Branch site on Whiteoak Creek showing distance (193 m) and direction
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traveled 184 m between 16 November and 21 November 2004, then a week later moved a
short distance upstream to remain sedentary until the end of the study (Figure 15). Four
turtles (3 male: 1 female) overwintereq Wwithin 37 m and often shared the same relocation
points, but turtles never occupied the same relocation point simultaneously

(Figure 16).
Habitat Preference

Habitat usage was not uniformly distributed among the seven available

microhabitats (X~ =766.28, P < 0.001). The most frequently selected microhabitat was

submerged limestone bluffs. Of 443 relocations records, 257 (58.0%) were for turtles

associated with this geo-physical feature. The next-most-visited microhabitat was
shoreline areas below vegetated limestone outcrops (16.0%). After this came woody
debris (15.1 %), tangled root systems (5.6%), patches of water willow (0.68%), banks of
unconsolidated material (4.1%), and open water (0.23%) (Table 3). Male and female
habitat utilization throughout the study differed significantly (\* = 52.11, P < 0.001).
Although both male and female turtles showed similar preference for woody debris
14.9% and 15.3%, respectively, they differed in the selection of the other microhabitats
(Table 3). Males were documented at limestone bluffs 43.4% of the ime, where as

females frequented this microhabitat 67.5% of the time. After limestone bluffs, males

chose vegetated limestone outcrops (30.9%), while females visited this microhabitat only

0.3% of the time (Table 3).

Out of 14 turtles being monitored, 6 were found in 4 microhabitats, 4 1n 3

. \ - ' All but one
microhabitats, 3 in 2 microhabitats and 1 1na single microhabitat (Table 4). All'b

. ime ffs,8 by rocky
was found in association with woody debris, 9 along limestone blu y

; , idated bank, and 2
outcrops, 5 in root systems, 3 each in water willow and along unconsol
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Table 3. Frequency (and percent) of relocation points, overall and by sex, recorded for each microhabitat identified
within the study area.

Limestone Woody Root Rocky Water Unconsolidated Open
Sex Bluff Debris System Outcrop Willow Bank Water Totals
Female 181 (67.5) 41 (15.3) 17(6.3) 17 (6.3) 1(0.37) 10 (3.7 1(0.37) 268 (100)
Male 76 (43.4) 26 (14.9) 8 (4.6) 54 (30.9) 2(1.1) 8 (4.6) 1(0.57) 175 (100)
Totals 257 (58.0) 67 (15.1) 25 (5.6) 71 (16.0) 3 (0.68) 18 (4.1) 2(0.23) 443 (100)

8¢



Table 4. Presence (X) and absence (-) of microhabitats in home ranges of each study animal, and the total number of turtle
home ranges that included each microhabitat.

Microhabitats
Turtle Limestone Woody Root Rocky Water Unconsolidated Open Total
ID(sex) Bluff Debris System Outcrop Willow Bank Water Habitats Used
90F - X X X - X = 4
1-11F - X X - - X X 4
11.3F b. & = g - = - 5 1
108 F X X X X - - 4
2-8F b8 X ) . - 2
29F X X X X - - 4
6-0F X X X - = 3
0-8 F x X - - 2
2-2M - X X X - 3
10-11 M - X - X R " 2
2-1M - X X X X - 4
11-10 M X 0,3 - 3
8-1 M X X X - 3
2-2M %X X X - X 4
TT;;?:S 9 13 5 8 3 3 2

6¢
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in open water. home ranges including Woody debris ang vegetated limest
stone out crops
(Table 4). Only one turtle’s home fange was lacking al| microhabitats except limestone

pluff (Table 4).All other turtle home ranges incorporated at least 2 microhabitats (Tab]
e
4).

Usage of microhabitats by S. m. peltifer during winter months (December —

o . 2 _
March) was also disproportionate (Y = 452.02, P < 0.001) and did not involve any water

willow patches or open water (Table 5). Unlike overal] microhabitat usage, it was limited

mainly to areas beneath limestone bluffs (72.4%) and vegetated rocky outcrops (20.4%)

with minimal use of the other features. Male and female overwintering behavior
involved significantly different selections of microhabitats (X* =52.68, P < 0.001) (Table
5). Relocations for male turtles were distributed somewhat evenly between limestone
bluffs (54.4%) and vegetated limestone outcrops (45.6%). In contrast. 86.9% of
relocations for females were beneath limestone bluffs, with the remaining 13.1 %
representing woody debris (1.2%), root system (4.8%), and unconsolidated banks (7.1%).

The mean depth at relocation points for all turtles over the study ranged from 0.2
m 10 3.6 m and averaged 0.88 m. A general linear model revealed the monthly means for
depth of relocation points to be significantly difference (F = 2.06, P = 0.032), buta

; : : : -  differences in
Tukey’s test at a 95% confidence interval did not reveal any monthly difference

depth. There was a trend towards deeper waters from January through April as compared

o the rest of the year (Figure 17). Depth of relocation points for males and females did

" - ere W ignificant
not differ significantly overall (W = 40.0, P =0.56) (Figure 18). There was a signilica

elocation points for which
hegative correlation between creek temperature and depth of relocation p

these data were available (rZ —0.577, P=0.0018) (Figure 19).

A BeasSA A
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Table 5. Frequency (and percent) of relocation points for males and females as
recorded for each microhabitat during the winter inactivity period
(December — March).

Winter Microhabitats

Limestone Woody Root Rocky  Unconsohdated
Sex Bluff Debns System Qutcrop Bank Totals
Female  73(86.9) 1(12) 4(48) 0 6(71) 84 (100)
Mae  37(54.4) 0 (0) 0(0) 31 (45 6) 0(0) 68 (100)

Totals 110 (72.4) 1 (0.66) 4(2.6) 31 (204) 6(39) 152 (100)
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Figure 17. Mean monthly depths for relocations points for S. m. peltifer tracked in Whiteoak Creek. Houston and

Humphreys counties, Tennessee, from May 2004 to April 2005.
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Diel Behavior

Overall, the study animals exhibited 5 preference for darkness over light (Z =-
3.07, P=0.002) (Figure 20). Male turtles moved moge frequently during daylight hours
than females (Z = 2.12, P = 0.034) (Figure 21). The population’s diel behavior
(frequency) shifted with the changing seasons (Z=215,P= 0.032). The months of July
and August saw the highest levels of nocturnal behavior, while during September,
October, and November no preference for light or dark was apparent (Figure 20). Turtles
did not move more frequently during any particular 2-hour interval when checks were
begun in even hours (Z = 0.00 to ~1.33, P-values ranging from 0.21 to 1.00), nor was
there any significant difference in the distance traveled per interval (F = 0.78, P = 0.659)
(Figure 22). In contrast, data from two 24-hour samples during which checks were begun
on each odd hour, there seemed to be a trend toward progressively more and longer

movements from 1700 hours through 0100 hours (Figure 23). This observation, however,

cannot be supported statistically because of the small sample size.
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Figure 20. Average percent of radio-tagged S. m. peltifer moving during light and dark parts ot 24-hour cycle based on
checks made every 2 hours on 7 occasions from July to November 2004 in Whiteoak Creek. Humphreys County. Tennessee
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24-hour cycle based on checks made every 2 hours on 7 occasions from July to November 2004 in Whiteoak Creek
Humphreys County, Tennessee.

LY



18.0 ( - -z
' mmm AVE. % OF TURTLES | |
Y B | MOVING ] 4 i@
| —*—MEANDISTANCE
140 +— ' T 18
=3
c T 1.4
S 120 - J &
° —
£ + 1.2 %
£ 10.0 , =
@
= 80 - S ' 2
= ' - 0.8 g
¢ 6.0 - a
= l + 06
4.0 A - 0.4
2.0 ‘ — - 0.2
0.0 - D
%% % % % % o e v e ® v, e
% % % % 4 % % 4 % 2 %
Q; Oo 00 00 O) O, O’ O/ O/ Oe Oe 00
& ) % Z e ¥ & & Z >

Figure 22. Average percent of turtles moving and mean distance traveled during five 24-hour surveys (16 August, 2
September, 23 September, 22 October, and 4 November 2004) involving 12 sampling episodes beginning every even
hour. An asterisk identifies intervals lacking data.

3F




60 -

[
50 -1
40 A

30 -1

Ave. % turties moving

10 =

e S -

! s AVE. % OF TURTLES MOVING|
i !

| ——MEAN DISTANCE I : , + 10

(o))

]

Distance in meters

Figure 23. Average percent of turtles moving and mean distance traveled during two 24-hour surveys (27 July and 12
August 2004) involving 12 sampling episodes beginning every odd hour. An asterisk identifies intervals lacking data.

ov




50
CHAPTER v

DISCUSSION

Movement and Overwintering Behavior

Bosk ireat chseruations of & m, Peltifer moving in Whiteoak Creek were of
individuals crawling on the stream bottom. This habit of bottom crawling as opposed to

swimming, probable enabled radio-tagged individuals in this study to carry transmitter

packages of up to 7.6% of their body mass without affecting their movement. Schubauer

etal. (1990) used transmitters that reached 12% of the body weight of Trachemys scripta

they tracked without any apparent adverse affects on their movement, buoyancy, and
survivability.

Many movement studies have shown that turtles, along with many other reptile
species, transverse a limited area throughout their lifespan (Mahmoud, 1969).
Sternotherus minor peltifer is no exception to this rule. Its home range as documented in
this study is generally smaller than that of other riverine species that occur in Whiteoak
Creek. Plummer et al. (1997) found that male and female Trionyx spiniferus, known
today as Apalone spiniferus, in Central Arkansas have home ranges with average lengths

of 1756 + 522 m and 1420 = 590 m, respectfully, which are four to five times longer than

what I found for S. m. peltifer. Likewise, the linear home range of Graptemys

: : d
geographica was larger as determined by Pluto and Bellis (1988) at 2.1 km for male an

: ies is related to size
for 1.2 km female. The difference in home range sizes among RpISRd

| ‘ ' rtle species inhabit
differences of the individuals within the various Species. Larger turtle sp

ies (Gibbons et
. ed to smaller spect
larger areas and have larger home ranges when compar
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al., 1990), suggesting size and therefore the metabolic demand of an organism directly
affects the home range size of the organism. Thys it follows that larger turtle species must
inhabit and transverse larger areas to meet their metabolic requirements. Turner et al.
(1969) found in some lizard species that home range size positively correlates to the body
weight of the individual. The data obtained op home range size of 5. m. peltifer in this
study is at odds with Dodd’s et al. (1988) findings for the closely related species,
Sternotherus depressus. This is probably due to the differences in sample sizes and
methods of analysis. Dodd et al. (1988) only had sufficient data to calculate the 95 %
minimum convex polygon for one male turtle’s home range, while I used ArcGIS 9 to
calculate the 100 % minimum convex polygon to include all aquatic habitats and exclude
all terrestrial habitats of 14 turtles” home ranges. Only one S. m. peltifer (11-3 female) in
Whiteoak Creek had a home range size (89 m’) that was comparable to the 88 m* home
range calculated by Dodd et al. (1988) for a male S. depressus. In Whiteoak Creek, S. m.
peltifer displayed no apparent evidence of being territorial due to overlapping home
ranges and sharing of microhabitats. Schubauer et al. (1990) and Harrel et al. (1996)

found in 7. scripta and M. temminckii, respectfully, overlapping home ranges occurred

among and between males and females.
Many studies (Harrel et al., 1996; Plummer et al., 1997; Pluto and Bellis, 1988;

Mahmoud, 1969; Schubauer et al., 1990) have shown males moving larger distances and

tlizi cual size di ism found in most
utilizing larger home ranges than females. The sexual size dimorphi

‘ ' * mobility to aid
turtle species has been thought to be advantageous for increasing males y

fer in Whiteoak
in mate searching (Berry and Shine, 1980). Conversely, male S. m. peltifer In

This
/ ompared to females.
Creek have very similar mean home range Jengths when comp
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apparent similarity in home range size maybe Partially due to the extensive h
e home range
length of male 10-11 skewing the data, With male 10-11°g home range excluded, th
excluded, the

mean male home range length decreases from 33510 145.5 m still making the diff;
: e difference

between male and female not statistically significant (W =23.0, p= ¢ 092). With such
My £ =W, . 1th such a
small sample size of males (N = 6), it is possible that 10-11s home sty s
o

out of line with that of other male S. m. peltifer in Whiteoak Creek

Home range size can also be an indicator of the condition of the habitat. In

general, as food resources increase home range size tends to decrease (Zug et al., 2001).

If a small area meets the resource requirements such as habitat types and condition, then
turtles can be more stationary (Pearse, 1923), and home ranges can probably be smaller.
Galois et al. (2002) explained the increase in movements by Apalone spinifera as turtles
searching for habitat with appropriate resources. Also home ranges sizes are limited by
the particular habitat types available and the conditions of these habitats (Mahmoud,
1969). If a habitat resource is poor, then more area is needed to support an individual
turtle thus a larger home range.

Since aquatic habitats are dynamic and could change with each significant rain

event, the size of an individual turtle’s home range should be expected to fluctuate within

a given year or more likely between years. Plummer and Shirer (1975) found Trionyx

: ; e of 1 rred habitat
muticus home range to be dynamic due to the ephemeral nature of its prefe

L . - dividuals’ home ranges shifted to
(sandbars) caused by periodical flooding, but some indi idua

s . 3 : ; r S m. peltifer in
utilized different sections of the river without habitat alterations. Fo pelly

: ‘mi itats (limestone
Whiteoak Creek, the key habitat types were two stationary microhabitats (

i itat (fallen trees). The
bluffs and vegetated rock outcrops) and one ephemeral microhabitat (fa
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distance between a stationary microhabitat and
a fallen tree mg :
Yy change drastically over

night, and the same is true with distanc indivi
g € between Individual fallen trees. This in return

could cause greater separation between crucial re i
sources, thus increasin y
) g the turtle’s
home range length. Home range size shoulq be eXpected to differ between sites within a

river system and definitely throughout the geographical distribution of the species due to

differences in resource availability and distances between preferred habitats. Some

individual S. m. peltifer home ranges only incorporated limestone bluffs. These home
ranges would not be expected to fluctuate as much as home ranges where ephemeral
microhabitats are being used. Home ranges mostly consisting of woody debris such as

snags and fallen trees would be expected to change with time.

Sternotherus minor peltifer in this study displayed movement patterns similar to
those described by Dodd et al. (1988) for Sternotherus depressus. As sister taxa, these
two species are consider more closely related to each other than to the other two species
of Sternotherus (Tinkle, 1958; Iverson, 1998), so behavior similarities should be
expected. Individuals had preferences for certain sites within their home ranges that they
frequented throughout the study. Most individuals would make long-distance movements

up and down stream from a preferred area to stay days or weeks at a time before

returning. Like S. depressus, multiple individuals utilized these preferred sites

concurrently throughout the study. Harrell et al. (1996) found site fidelity as well in

' ces were 1.5 m from a previous
Macroclemys temminckii were many of there relocation fixes were p

- - J relocations
know occupied microhabitat. Nearly half of the Sternotherus depressus

i g 988). while relocations for
Involved large flat rocks on the stream bottom (Dodd et al., 1 88),

olved ices in subn i 1e bluffs. Substrates
S.m. peltifer involved predominantly crevices ! submerged limestor
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pelow limestone bluffs and limestone outcrops occasionally consisted fl
15led of large rocks, but

mostly were dominated by cobble and gravel-sized rock. Ope difference between th

e two
species is that mud habitats were selected more often by S. depressuys than S. m. peltifer, a
difference that may have been more g function of availability that choice. Both species |
exhibited a penchant for woody debris, such ag fallen trees, logs, and root-debris. The
similarities among the two species diets could account for the similarities in habitats
being occupied. The diet of S. depressus consists largely of gastropods (Marion et al.,

1991) much like that of S. m. peltifer (Folkerts, 1968).

Habitat preferences displayed by S. m. peltifer in this study were generally similar
to th;)se of other Sternotherus species, but differed in some respects. Emst et al. (1994)
mentioned commonly exploited habitats for S. minor included snags and fallen trees over
asoft bottom. Most of S. m. peltifer in Whiteoak Creek were relocated on rocky
substrates and were rarely documented traversing soft bottoms. The Whiteoak Creek
population appeared to favor limestone bluffs and outcrops more than snags and fallen
trees. Mahmoud (1969) found that habitats (rocks, logs, and overhanging banks) selected
by S. odoratus and S. carinatus in Oklahoma to be similar to those Dodd et al. (1988)
observed for S. depressus. 1 also found S. m. peltifer in these habitats, but to a lesser

. ; in thi ' was very similar
degree. The mean depth at which S. m. peltifer were found in this study was very simi

N ) h
o that reported for the species by Ernst et al. (1994). In' W hiteoak Creek the mean dept

iven by 4). The
was 0.89 m, which falls near center the 0.5-1.5 range given by Emst et al. (1994)

i ' / e result of different
dissimilarities in habitat selection mentioned above are probably th

| i .ons in the Tennessee R
differences of each habitat within a given stream. Population
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drainage are likely to occur in streamg where |i
mestone bluffs and ve
getated rock

outcrops are far more abundant than i streams o
n the Coastal Plain
of the southeastern

United States.

Sternotherus minor peltifer in Whit
coak Creek showed activity ;
ctivity in every month of

the annual cycle. However, there was a four-month period from December to March
o Marc

when activity decreased noticeably. Emst et a] (1994) reported that S. minor in more

northern latitudes hibernates from December through February. Much like S. minor

Sternotherus odoratus and S. carinatus in Oklahoma exhibited a three-month period with
some inactivity lasting December through February (Mahmoud, 1969). Sternotherus
odoratus was estimated to remain active for 330 days and S. carinarus 310 days
(Mahmoud, 1969). In Pennsylvania, S. odoratus was inactive for a five-month period
extending from November through March, with only 220 days of activity (Emst, 1986).
Plummer and Burnley (1997) found individual Apalone spinifera in Arkansas, much like
S. m. peltifer in Whiteoak Creek, were not exclusively sedentary in winter but shifted
hibernacula an average of 1.8 times over the course of winter.

The mean distance moved by S. m. peltifer in Whiteoak Creek decreased during

the winter months while the depth of relocation points increased. These minimal

; . . : . : . eas of
distances moved during winter may have a vital physiological role moving Into areas

! 1 / ecrease in mean distance
high oXygen concentrations from low ones (Ultsch, 1989). De

: . ; CW  directly related to
moved and increase in mean depth in Whiteoak Creek was probably directly

: i ect in impeding
changes in temperature. Gregory (1982) claims the most L P

' ; ' ient
' ' e traveled, 1s the ambie
metabolic rates and inducing hibernation, thus reducing distanc

Trionyx spiniferus

ture of
tmperature. Plummer and Burnley ( (1997) found body temperatur
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{0 be comparable to the ambient creek temperatur
€. Turtle 8-9 also dis i
played this
relationship. Water temperature was found to affect Macroclemys temminciii
INCKil movement,

but photoperiod was also suggested as another factor effecting the movement i wi
nt in winter

months (Harrell et al., 1996). In the case of Apalone Spinifera, mean distance moved

decreased while the mean depth increased with the approach of winter (Galois et al

2002). Deeper waters could provide some temperature stability throughout the winter
Fluctuation in ambient surface temperature would affect a reptile overwintering in

shallow waters more so than one in deeper waters (Gregory, 1982). An unusually warm

mid-winter day or warm rain might stimulate turtles overwintering in shallow water to
reemergence prematurely subjecting them to harsh environmental conditions that might
quickly return.

In Whiteoak Creek, it took the radio-tagged population of S. m. pelrifer several
weeks to enter the winter inactivity period and only about 2 weeks to emerge from it.
This is not uncommon in reptile species. The time from when the first individual of a
population enters winter dormancy to when all have done such could be several months
(Gregory, 1982). The reemergence of the Whiteoak Creek population was preceded by a
significant rain event that caused the creek to leave its banks. This might have been the

main stimulus triggering resumption of activity.

Diel Behavior

Vi e ' S. m. peltifer,
Although my data show a proclivity for nocturnal movements by S. m. peltife

‘ res were during daylight
diumal movements were not uncommon. Most of the hand captu

ies 1 imi cturnal movements
hours (0700-1800), suggesting that the species 1S not limited to no

/ affected by the
only. The apparent preference for darkness [ observed may have been
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since the P-value was so significant at p = 0.002. Em
U< Emst et al. (1994) reported S. mj
. minor to

pe active during both day and night with 4 tendenc i
Y to be most active in the i

morning.

Sternotherus depressus displayed a variety of die] behaviors (nocturnal, cre 1
» Crepuscular, and
diurnal) during the annual cycle by being diurnal when water was cool and noctumnal
ma

when it was warm (Dodd et al., 1988). It appears that S. m. peltifer’s diel behavior

undergoes the same shifts with the seasons as . depressus. This temporal activity shift

has also been documented for Sternotherus odoratus in Oklahoma where a population
exhibited a summer crepuscular behavior and a winter diurnal behavior (Mahmoud,
1969). In Whiteoak Creek, the diel behavior of . m. peltifer appears to shift from
nocturnal during warmer parts of the year to not having an affinity for either daylight or
darkness in fall and winter. Before this can be confirmed, diel sampling including all
seasons will have to be conducted. If real, the shift may not be photo-related but driven
by a physiological restraint due to decrease in water temperature in the fall and winter
months. Graham and Hutchison (1979) found similar results suggesting temperature and
not the variation in photoperiod was affecting diel movements in Chrysemys picta,

Clemmys guttata, and Sternotherus odoratus.

. : a3 -
Competition for food resources can influence habitat partitioning and community

ion, i ' ' e evolutionary
structure. Interspecific competition, in particular, has direct effects on the € ry

' her species for a food
Process within a community. When one Species out-competes another sp

i le to coexist in the
resource, the two species can become spatially separated and unab

' i1y have to be spatial but
Same habitat. Conversely, the separation does not necessarily h

.« with comparable diets may
maybe temporal. Temporal separation between two species Wit p



58

reduce competition, thus causing species adaptatj i
on to different rhythmj 1
MIC regimes

(Gourley, 1979).

The nocturnal nature of S. m. pesife, in Whiteoak Creek —
ionary
adaptive MINiMIzIng resource competition with a coinhabitant, the larger turtle speci
’ species
Graptemys geographica. Both species have analogous gastropod-based diets, but
) , bu

conversely dissimilar diel behaviors. Graptemys geographica is diurnal and is well

known as a basking turtle (Ernst et al.,, 1994), while . m. peltifer in Whiteoak show a

nocturnal behavior. Sternotherus minor peltifer and S. m. minor adults have a
molluskivorous diet while smaller individuals feed on insects (Folkerts, 1968; Tinkle,
1958). The diet of the population studied by Folkerts (1968) consisted of 69.5 % snails.
and only 0.1 % bivalues. With an increase in body size, S m. minor appear to shift from
insectivorous to molluskivorous (Emst et al., 1994; Tinkle, 1958). Much like S. m. minor.
G. geographic has demonstrated both molluskivorous and insectivorous diets. Vogt
(1981) found this to be true in a population in Wisconsin, and characterized the diets as
molluskivorous for females and insectivorous for males. In studies conducted in Arkansas
(Emst et al., 1994) and Missouri (White and Moll, 1992) the diet of G. geographica
consisted mostly of freshwater gastropods. In Whiteoak Creek, interspecific competition
for aquatic gastropods between S. m. peltifer and G. geographica over time, may have
forced S. m. peltifer to adapt to a nocturnal behavior.

Conclusion

‘ fer exhibi ranges that vary
In Whiteoak Creek, Sternotherus minor peltifer exhibits home rang

jability 1 ' _The animals studied were
both seasonally and annually, this variability 1S not unexpected
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sery active in every month of the annual cycle except for a four-month period from
D e;ember to March when activity decreased markedly. During this four-month period,
he tracked animals occupied less microhabitats, preferred deeper water, and traveled less
Jistances than any other time during the course of the study. The Whiteoak Creek
i
ulation favored submerged limestone bluffs, vegetated rocky outcrops, and woody
0
:leis, On a daily basis, they were active throughout the 24-hour cycle, but tended to
females preferred
show a preference for nocturnal movements. Although both males and
' ik / ing daylight
o cover of darkness when moving, males were more likely to move during daylig
[:ours than females. The nocturnal behavior could be the result of an evolutionary process
¢s) with G. geographica, but
{0 minimize competition for food (gastropods and molluscks

v future diet assessment will verify this hypothesis.
only fu

'S 1™



LITERATURE CITED

60

Al



61
LITERATURE Crgp,

Aaxssiz, L. 1857. Contribution to the natura] histhy of the United States of America,
Vol. 1. Little, Brown and Co., Boston, MA, Usa 452 pp.

AnciLLETTA, ML J. JR-AND AL R. KrochmaL. 2003, The Thermonchron: 4 truly miniature
and inexpensive temperature-logger. Herpetological Review 34(1): 31-32.

Arvwing, D. H., J. . Brouch, L. K. Cartwrinr, AND G. M. Derron. 2000. Tennessee
Ecoregion Project 1994-1999. Tennessee Department of Environment and
Conservation, Division of Water Pollution Control. Nashville, TN. 16-72 pp.

Bancrorr, G. T, J. S. Gobtey, D. T. Gross, N. N. Rojas, D. A. SuteHEn, anp R. W,
McDiarmip. 1983. The herpetofauna of Lake Conway: species accounts. U.S
Army Corps Engineer, Miscellaneous Paper, A-83-5. Army Engineer Waterways
Experimental Station, Vicksburg, MS, USA. 174-207 pp.

Birry, J. F. 1975. The population effects of ecological sympatry on musk turtles in

northern Florida. Copeia 4:692-701.

Birky, J. F. anp R. Swine. 1980. Sexual size dimorphism, and sexual selection in turtles

(Order Testudines). Oceologia 44:185-191.

Burr, W. H. 1943. Territoriality and home range concepts as applied to mammals.

Journal of Mammalogy 24: 346-352.

Caolr, FLR. 1939, A system of marking turtles for future identification. Copeia 3:

170-173.

43 -estern Middle
Ciiester, E, W. axp W. H. Eruis. 1989. Plants communities of northwes

e qcience 64(3):75-78.
Tennessee. Journal of the Tennessee Academ) of Scienc

-~



62
s R J. T. CorLins. 1998 i
CONANT, R. AND - A field guide to rept;
ptiles and amphip;
phibians of eastern

and central North America. Th; e
i hird edition_ Houghton Mifflin Company, New

Cox, W. A, J. B. HAZELRIG, M. E. Turnier, R, A, ANGUs, AND K. R Marion. 1991, A
model for growth in the musk turtle, Sternotherus minor, in 2 north Florida spring,
Copeia 4:954-968.

Cox, W. A. anp K. R. MarioN. 1978. Observations on the female reproductive cycle and
associated phenomena in spring-dwelling populations of Sternotherus minor in
north Florida (Reptilia: Testudines). Herpetologica 34(1): 20-33.

Doob, C. K., Jr., K. M. ENGE, AND J. N. Stuarr. 1988. Aspects of the biology of the
flattened musk turtle, Sternotherus depressus, in northem Alabama. Bulletin of
the Florida State Museum, Biological Sciences 34:1-64.

Ernst, C. H. 1986. Ecology of the turtle, Sternotherus odoratus, in southeastern
Pennsylvania. Journal of Herpetology. 20(3):341-352.

Erxst, C. H., J. L. MiLLer, K. R. Marion, axp W. A. Cox. 1988. Comparison of shell
morphology among turtles of the Kinosternon minor complex. American Midland
Naturalist 120(2):282-288.

Ernst, C. H. Anp R. W. BarBoUR. 1989. Turtles of the World. Smithsonian Institution

Press, Washington, DC., USA.

i d
Ervst, C. H., J. E. Lovics, Anp R. W. Barsour. 1994. Turtles of the United States an

' ; .. USA.
Canada. Smithsonian Institution press, Washington, DC

| variation in the testicular cycle of

Erciperger, C. R. anpR. H. StovaLL. 1990. Seasona



63

the loggerhead musk turtle, Sternotherus Minor minoy fro
» Ifom central Florida

Canadian Journal of Zoology 68:1071-1074
E1CHBERGER, C. R. anp L. M. Enrnarrt. 1987, The reproductive biology of the f;
e female
loggerhead musk turtle, Sternotherus mine, minor, from the southe f
) m part of its
range in central Florida. Herpetologica 43(1):66-73

ErceN, J. E., K. GaRVER, D. L. NELson, B. J. Hacw, A, DeSimong, C. Murray. L. Hy
¥ s » L. Hvegwm,

E. D. JoynNER, S. UNsER, and S. Barnes. 2002. Healthy water, healthy people
testing kit manual. Watercourse, Bozeman, MT, USA. 1-4 pp.

Forkerts, C. W. 1968. Food habits of the stripe-necked musk turtle. Sternotherus minor
peltifer Smith and Glass. Journal of Herpetology 2(3-4):171-173.

Gaioss, P., M. LéveiLe, L. BouthitLier, C. BAIGLE, AND S. Parrex. 2002. Movement
patterns, activity, and home range of the eastern spiny softshell turtle (Apalone
spinifera) in northern Lake Champlin, Québec, Vermont. Journal of Herpetology
36(3):402-411.

Garrex, R, E., JR. 1987. Cardiovascular and other physiological correlates of hibernation
in aquatic and terrestrial turtles. American Zoology 27:59-68.

Gussons, J. W., J. L. Greene, anp J. D. Congpon. 1990. Temporal and spatial

movement patterns of the sliders and other turtles. Pp 201-215. In “Life history

and Ecology of the Slider Turtle”. Ed J. W. Gibbons. Smithsonian Institution

Press, Washington, DC., USA.

e d reptiles
Gon, C.J. B C. G, Jackson, 1965. Hemoglobin values of some amphibians and T p

from Florida. Herpetologica 21(2):145-146.

v d Research.” Eds.
Govkiey, E. V. 1979, Rhythms. Pp 509-520. 11 “Turles: Perspectives &1



64
M. Harless and H. Morlock. Johp Wile
: Y and Sons, New York
’ ) NY, USA

Gratam, T. E. AND V. H. Hutchisow. 1979 Turtle die] activity: response to different
regimes of temperature and photoperiod. Comparative BiOChemistry -
Physiology 63A:299-305.

Grecory, P. T. 1982. Reptilian hibernation, Pp 53-154. [ “Biology of the Reptilia”. Eds.
C. Gans and F. H. Pough Vol 13. Academic Press, New York, NY. USA.

Guver, C., axp K. A. HernpoN. 1992, Population analysis of Sternotherus minor peltifer.
Journal of the Alabama Academy of Science 63(2):48. (Abstract)

Harret, J. B., C. M. ALLEN, aND S. J. Hesert. 1996. Movements and habitat use of
subadult alligator snapping turtles (Marcoclemys temminckii) in Louisiana.
American Midland Naturalist 135(1):60-67.

Hoocr, P. N. anp B. Eichencaus. 2000. Animal movement extension to Arcview. ver. 2.0.
Alaska Science Center - Biological Science Office, U.S. Geological Survey,
Anchorage, AK, USA.

Hutciison, V. H., A VINEGAR, anp R. . Kosti. 1966. Critical thermal maxima in turtles.
Herpetologica 22(1):32-41.

; Fation | , g g nor.
Iverson, J. B. 1977a. Geographic variation in the musk turtle, Sternotherus m

Copeia 3:502-517.

i hibians and
Iverson, J. B. 1977b. Sternotherus minor. Catalogue of American Amphi

Reptiles. 195.1.

 turtle (Sternotherus
Iversox, J. B. 1978. Reproductive cycle of female loggerhead musk turtle (

> - 33-39.
minor minor) in Florida. Herpetologica 34(1): 33-3



65

rsoN, J. B. 1991. Phylogentic h
[verson, J. B 1991. Phylogentic hypotheses for the evoly;
ution of moder kinostern;
Mmine

turtles. Herpetological Monographs 5:1-27

[versoN, J. B. 1998. Molecules, morphology, and mud turtle phylogenetic (Famil
s (Family

Kinosternidae). Chelonian Conservation and Biology 3(1):113-117

Jackson, C. G., Jr. 1969. Agonistic behavior in Sternotherys minor minoy (Agassiz)
Herpetologica 25(1):53-55.

Joes, R. L., C. KNiGHT, AND T. Maiure. 1993 Sternotherus minor peltifer (stripeneck

musk turtle) USA: Mississippi. Herpetological Review 24(4):154.
Laarer, K. F. 1943. Food habits and economic relations of the turtles of Michigan with

special reference to fish management. American Midland Naturalist 29(2):257-

312.

Maivoun, I Y. 1969. Comparative ecology of the kinosternid turtle of Oklahoma.
Southwestern Naturalist 14(1):31-66.

Mariox, K. R., W. A. Cox, anp C. H. Ernst. 1991. Prey of the flattened musk turtle,
Sternotherus depressus. Journal of Herpetology 25(3):385-387.

Mout, R, H. 1975. The Reptiles and Amphibians of Alabama. Auburn University

Experimental Station, Auburn, AL., USA. 347 pp.

Pearst, A. S. 1923, The abundance and migration of turtles. Ecology. 4(1):24-28.

Prosivier, M. V. anp H. W. Stirer. 1975. Movement patterns in a river population of the

. m of Natural
softshell turtle, Trionyx muticus. Occasional Papers of the Museu I

History University of Kansas 43:1-26.

, | relations of
Plosver, M. V. anp J. C. BurnLEY. 1997. Behavior, hibernacula, and therma

) helonian
—_ a small stream. C
softshell turtles (Triomx spinifei'lls) overwintering n



66
Conservation and Biology 2(4):489-493

r, M. V,, N. E. MiLts, anp S, L
pLumMERr, M. Vo, ’ - L ALLEN. 1997, Activi :
. 1ty, habitat, anq move
> ment
patterns of softshell turtles (Trionyx spiniferys) i
N a small stream Chelonia
: n
Conservation and Biology. 2(4):514-520.
pro, T. G. anp E. D. BeLLis. 1988. Seasonal ang annual movements of river; turt]
ne turtles,
Graptemys geographica. Journal of Herpetology 22(2):152-158

QUARTERMAN, E. anp R. L. PoweLL. 1978, Potential ecological/geologica| natural

landmarks on the interior low plateaus. U S Department of the Interior

Washington DC., USA.

Rowt, J. W. anp E. O. MotL. 1991. A radiotelemetric study of activity and movements of
the Blanding’s Turtle (Emydoidea blandingi) in northeast Illinois. Journal of
Herpetology 25(2):178-185.

Scuusaver, J. P., J. W. GiBBons, anp J. R. Spotita. 1990. Home range and movement
patterns of slider turtles inhabiting Par Pond. Pp 223-232. /n “Life History and
Ecology of the Slider Turtle”. Ed. . W. Gibbons. Smithsonian Institution Press,
Washington, DC., USA.

Scorr, AL F., S. Sutton, anp S. WirLiamson. 2000. New county records of amphibians and

turtles from the western highland rim of Central Tennessee. Herpetological

Review 31(2):117-118.

. ical variation among
Seet, M. E. anp R. V. Lucciivo. 1981. Allozymic and morphological vanation &

i and S. minor
the musk turtles Srernotherus carinatus, S. depressus,

(Kinosternidae). Copeia 1:119-128.

: : arison and
SEiE, M. E., J. B. Iverson, AND M. D. ADKINS. 1986. Biochemical comp



67

(Testudinata, Chelydridae). Tylane Studies in Zoology 6:1-56,

Tinkie, D. W. 1959. The relationship of the fall line to the distribution ang abundance of
turtles. Copeia 2:167-170.

Tivkir, D. Woann R. G, Wess, 1955, A pew species of Sternotherus with a discussion of
the Sternotherus carniatus complex (Chelonia, Kinosternidae). Tulane Studies
Zoological 3(3):53:67.

Turner, F. B, R. [ JENNRICH, AND J. D. WEINTRAUB. 1969. Home ranges and body sizes of
lizards. Ecology 50(6):1076-1081.

Uirse, G. R, 1989 Ecology and physiology of hibernation and overwintering among
freshwater fishes, turtles, and snakes. Biological Review 64:435-516.

Voor, R. C. 1981. Food partitioning in three sympatric species of map turtle, genus
Graptemys (Testudinata, Emydidae). American Midland Naturalist 105:102-111.

Walker, D, anp | C. Avist. 1998. Principles of phylogeography as illustrated by

Review of Ecology and Systematics 29:23-58. -
gia. Herpetologica
W"\RTON» C.H. anp J. D. Howaro. 1971. County records from Georgi



68
Reviews 3(4):73-74,

— 1 . V. RoBBins, M. J. Epw
WELLES, G.M,N > - EDWARDS, AND C B.B
» B BEADLES. 1946, Soi] surve
yS =

Humphreys County, Tennessee — Series 193¢ Number 26, Unit dsS
> 4 11e tates

Department of Agriculture, Untied Stateg Government Printing Off;
ice,

Washington, DC., USA. Maps + 100 Pp.

wiite, G. C. aND R. A, GaRROTT. 1990, Analysis of wildlife radio-tracking data
Academic Press, San Diego, CA., USA. 145-180 pp.

wiirte, D. Jr. anp D. MotL. 1992, Restricted diet of the common map turtle Graptemys
geographica in a Missouri stream. Southwestern Naturalist 37(3): 317-18.

WipermuUTH, R., AND L. E. Opom. 1958. Soil survey — Houston County, Tennessee -
Series 1949, Number 2. United States Department of Agriculture, United States
Government Printing Office, Washington, D. C. Maps + 49 pp.

Wittiamson, S. 2001. Geographic distribution, population structure, habitat, and
movements of a newly discovered population of Sternotherus minor peltifer
(Stripe-Necked Musk Turtle) in the lower Tennessee River drainage of western
Middle Tennessee. Unpublished Master Thesis, Austin Peay State University,
TN., USA.

26, G. R., L. J. VitT, axp J. P. CapweLL. 2001. Herpetology: An introductory biology of

o ) ox : - San Diego, CA., USA.
amphibians and reptiles. Second edition. Academic Press

202 pp.



APPENDIX

69



N & 7 ‘L‘
‘ Ny Legend

Y %
© | % g [ | WATER WiLLOWS
s _‘ [ | GRAVEL BARS
Nk M FALLEN TREES
ﬁ:\l N S BLUFF
TR BANK
kN & [J — STREAM FLOW

(e} 25 50 100 Meters

Figure A-1. Initial capture site (red star), subsequent relocation points (green squares), and home range (yellow)
for female 2-8 at the Gander Branch site in Whiteoak Creek, Humphreys County, Tennessee.
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male 2-1 at the Gander Branch site in Whiteoak Creek, Humphreys County, Tennessee.

Figure A-2. Initial capture site (red star), subsequent relocation points (green circles), and home range (yellow) for
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Figure A-3. Initial capture site (red star), subsequent relocation points (green squares), and home range (yellow) for
female 6-0 at the Gander Branch site in Whiteoak Creek, Humphreys County, Tennessee.
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Figure A-4. Initial capture site (red star), subsequent relocation points (green squares), and home range (yellow)
for female 11-3 at the Gander Branch site in Whiteoak Creek, Humphreys County, Tennessee.
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Figure A-5. Initial capture site (red star), subsequent relocation points (green circle), and home range (yellow) for
male 8-1 at the Gander Branch site in Whiteoak Creek, Humphreys County, Tennessee.
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Figure A-6. Initial capture site (red star), subsequent relocation points (green circles), and home range (yellow) for
male 11-10 at the Gander Branch site in Whiteoak Creek, Humphreys County, Tennessee.
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Figure A-7. Initial capture site (red star), subsequent relocation points (green circles), and home range (yellow) for
male 2-2 at the Gander Branch site in Whiteoak Creek, Humphreys County, Tennessee.
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Figure A-8. Initial capture site (red star), subsequent relocation points (green squares), and home range (yellow)

for female 9-0 at the Gander Branch site in Whiteoak Creek, Humphreys County, Tennessee.
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Figure A-9. Initial capture site (red star), subsequent relocation points (green squares), and home range (yellow)

for female 10-8 at the Gander Branch site in Whiteoak Creek, Humphreys County, Tennessee.
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Figure A-10. Initial capture site (red star), subsequent relocation points (green circles), and home range (yellow)

for male 8-8 at the Gander Branch site in Whiteoak Creek, Humphreys County, Tennessee.
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Figure A-11. Initial capture site (red star), subsequent relocation points (green squares), and home range (yellow)
for female 1-11 at the Gander Branch site in Whiteoak Creek, Humphreys County, Tennessee.
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Figure A-12. Initial capture site (red star), subsequent relocation points (green squares), and home range (yellow)
for female 0-8 at the Rushing Bluff site in Whiteoak Creek, Houston County, Tennessee.
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Figure A-13. Initial capture site (red star), subsequent relocation points (green squares), and home range (yellow)

for female 2-9 at the Rushing Bluff site in Whiteoak Creek, Houston County, Tennessee.
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Figure A-14. Initial capture site (red star), subsequent relocation points (green circles), and home range (yellow)

for male 10-11 at the Rushing Bluff site in Whiteoak Creek, Houston County, Tennessee.
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