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ABSTRACT 

Little information is available on the movement behavior of any of the subspecies 

of Sternoth erus minor. Most published studies on the species focus on other aspects of 

its life hi story and phylogeny. Thi s paper presents the find ings of an investigation begun 

in May 2004 of movements, overwintering strategy, and di e! act ivity of a population of S. 

111 i11 or pelt ifer in Whiteoak Creek, a tributary to Kentucky Lake (impounded Tennessee 

Ri ver) in Houston and Humphreys counti es, Tennessee. Usi ng rad io telemetry and 

Geographic Inform ati on System (G IS) technologies, 14 indi\·id uals (G males, 8 females) 

were relocated once \\'eekly fo r pe riods ranging from 9 to 50 \\·eek . Their 1110\·ements 

\\'erc plott ed in relat ion to a so11ed physical and biological features in and along the 

strea111 . Mo \·e111 ent s O\ 'Cr the 2-+ -h ur cycle \,·ere al o monitored on occa ion . Data 

obtain ed sugges ts a linear-shaped home ran ge (mean 3-+ l .-+ m) e.\tending along stream 

reaches \\'ith a111pl e hore line co ,·er. \ lean length of home range of male (335 m) was 

not signifi cant ly Ji ffere nt from that of fe111ale (3-+6 111) . Of di tinct microhabi tat 

utili 1cd o\·erall. ubmcrgcd li111c tone bluffs and \·egctated lim tone outcrops \\·ere the 

mos t freq uented accounting for 5 .0°o and 16. 0°0. re pectfully. of all ini tial captures and 

relocati on points. During \\·inter month (December - :--.l arch), ho,,·e\·er, only 5 

111i crohabitat \\·ere u ed. \,·ith lime tone bluff at 2. -+ ~o and ,·egetated li mestone 

outcrops at 20. -+ ~o topping the Ii t. Frequency of u age by male and females also 

differed th ro ughout the year. The mean depth of relocation points throughout the study 

,, as O.SS 111 \,·ith depth for fe males e.\ceedi ng that of males. Se\·en turtl es were 

essen ti ally inac ti\·e bet\\ een December and March , \\·hil e 4 individuals remained 

mini 111 ally ae ti\ e. r-. lo\·ements obsern d O\·er the 24-hour cycl e 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 die! activity of Sternoth erus minor (Stripe-necked Musk Turtle), and the information 

that is avai lable does not identi fy which subspecies (S. 111. minor or S. m. peltifer) was 

examined when it was obtained. In their account fo r S. minor, Ernst et al. (1994) mention 

that 1) acti vity occurs both day and ni ght with peaks in the morn ing, 2) soft bottom, 

submerged rock cervices, or muskrat bank burrows are utilized as hibernacula and 3) 

hibernati on occurs December th rough February in the northern portions of it ' s range. 

Studies of these life history a pects \'ia radio telemetry in other members of the genus are 

also lim ited. Dodd ct al. ( 19 ) tudi cd 111 0,·cm nt u ing radio telemetr , but 

dctc1111incd die\ behav ior of . deprcss 11s in labama by capture data . 0th r die! beha 1or 

studies conducted within the gcnu in,·o\Ycd . odora r11 ( mith and Iver on 2004· 

Bancroft ct al. , 1983 ; Graham and Hutchin on. 19 9: Laglcr. 194 ; Ernst 19 6· and 

Mahmoud. 1969) and . corinau, (\! ahmoud. 1969) . The ro le of temp ratur m 

dctcnnining levels of acti ,·it y in . minor ha not been im·c ti gated . 

Considering the paucity of ba ic infonnation on the ccolog and beha ior of S. 111. 

pelr!fer, thi study focu cd on c,·cral a pect (oYerwintering behavior mo,·ement 

patt erns, and die! rhythm) of the life cycle ofthi aquatic turtle. The data obtained can be 

used by resource managers in both public and priYate ector to help ensure that this and 

related species remain a pan of the biota of Tennessee and the southeastern nited States. 
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Literature Review 

Overwintering Behavior in Turtles 

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

often found in hypoxic environments and that selection of anaerobic or hypoxic 

hibemacula will produce physio logical adaptations. For example, selecting anaerobic 

hibemacula causes turtles to utilize glycolysis for ATP production (Gatten, 1987). The 

physiological adaptations to overwintering will unequivocally influence ecological and 

life hi story aspects of the organism (Gregory, 1982). Con\'ersely, aspec ts of the eco logy 

and li fe history of an organism, such as o,·ern·intering strategies and movements, will 

innuence the physiological adaptations of the organi ma , ell. Therefore 

overwintering microhab itat selection play an extremely important role in urvi al. 

Overwintering is the widely accepted term u ed to de cribe the response behavior 

of reptiles in co lder environment (Gregor . 19 _; It ch. 19 9). This and similar 

response behaviors to environmental change allow reptil e to survive the winter and 

other har h conditions like drought and lack of re ource ( It ch, 19 9). ortalitie in 

aq uatic turtles have been sho\\'n to increa e \\'hen the em·ironmental condition are colder 

(U lt sch, 1989), thus demon trating the importance of electing o,· rwintering habitat. 

O\'erwintering is probab ly innuenced by three factor : climate, body ize, and food 

supply (Gregory, 1982), wi th the latter having the mo t dramatic influence. Some 

rep til es, including turtles, li ving in higher latitudes ( orth or South) spend the majority of 

the year in an overwintering state (U ltsch, 19 9), thus increasing the importance of 

select ing appropriate hibemaeula to increase survi, al. 



In selecting an aquatic hibernaculum, two factors (freezing and desiccation) are 

alleviated that would be problems in terrestrial hibernation (Ultsch, 1989). 
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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 turtl es using aquatic hibemacula involve maintaining water balance, ionic 

balance, and avoiding predati on (Ultsch , 1989) . 

Movement and Diel Pat terns in Turtle 

Life hi story and ecology arc intimately related to an organi m's mo\'ement 

patterns (G ibbons et al. , 1990) . Mo,·cmcnt data (home range and die!) of any species will 

elucidate the habi tat requirement needed (baski ng itc . feedin g, cover. and mating) in 

the spec ies' aquatic cco y tern. Home range and mo,·ement arc intimately connected to 

the dail y and ea onal habitat need of the pecie . Tu rt le 1110\'ement can be cla ified 

into two categori c : spatial and tem1 oral (Gibbon et al .. 1990). patia l mo,·ement can 

be further classified as intrapopul ati onal ( hort -range) or c:x trapopu lational (long-range) 

and te111pora l mo\'ements can be partit ioned a daily (d ie!). ca onal. or poradic 

(G ibbons et al. , 1990) . 

All mo\'e111 ents require the expenditure of energy to acquire nece sary resources 

to survive and increase reproducti\'e succes . Data on movement patterns (daily and 

seasonal) lead to an understanding of the cost and risk of acquiring energy, the total 

eneroy bud oet and the benefits of movement (Ro,,·e and Moll , 1991 ). Short-range 
0 0 > 

(intrapopulational) monment patterns are important for ectothennic organisms in 
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thennoregulation (basking or thennal regulating behavior), feeding (to acquire energy for 

maintenance, growth, reproduction, and storage), donnancy, courtship, and predator 

avoidance (Gibbons et al., 1990; Gouley, 1979). Studying seasonal or long-range 

( extrapopulational) movements provides infonnation on breeding patterns ( e.g. mate 

seeking), nesting habits, habitat usage over the annual cycle, foraging patterns, dispersal 

of young, and migration associ ated with overwintering and aes ti vation (Gibbons et al. , 

1990). 

lnfo1111 ation on an organi sm's di e! patterns, which are a component of sho11-range 

movements, reveals the nature of it s ae ti\'ity o,·er the 2 ➔ - hour cyc le. Th is activ ity can be 

characteri zed as noc turn al, di urnal, or crepu cular. A pecie ' die! b havior could be 

adapti ve to max imi ze effic iency for ph y iological proce e or the re ult of competi tion 

in an ecosystem (Gourley, 1979). ompetition for the amc re ource could patially 

separate spec ies in an eco y tern but could al o create a temporal eparation re ulting in 

different di el beha\'i ors among the pecic with imilar re ource requirements (Gourley, 

1979) . 

The tud~· Animal 

Taxonomv and Nolllenclature 

A lllember of the fa llli ly Kino temidae, Stern oth eru minor ,,·a firs t desc ribed 

by Agass iz ( 185 7) frolll i\ !obi le County . .-\ labama. under the name Goniochelrs minor. 

In 1862 the name was changed by Strauc h to An11ochel_,· minor (l\'erson, 1977b). The 

currentl y accepted binollli al, Sternotherus minor, ,,·as proYi ded by Stej neger ( 1923). 

· · d · ct subspec 1· es· Sternotherus minor minor and Stern oth crus 111111 or mclu es two recog111 ze · 



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 detern1ine the phylogeny 
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and relationships between the members of the family and for the genus Stern oth er11s 

(Seidel and Lucchino, 198 1; Seidel et al. , 1986; Ernst et al., 1988; Iverson, 1991 ; Iverson, 

1998). Seidel and Lucchino ( 198 1) used an electrophoretic anal ys is to detem1ine that S. 

depressus and S. 111i11or are geneti call y distinct sister species. lverson's (1977a and 1998) 

and Tinkle's ( 1958) findin gs suppo11cd the conclu ion of eidcl and Lucchino ( 19 1 ). 

While using a different approach to the que tion ( hell morphology). Em t et al. ( 19 ) 

determined that Ki11osrem o11111 i11 or pelrifer (toda_ know a . 111. pelr {fer) growth cur\'e 

was signifi cantl y di ffcrcnt than the other pec ic in the com1 lex ( tem orhe/'11 ). This 

suggests th at S. 11 1. pelr!fer and , . depr ss11s are di tinct pecic . The phylog netic 

contro\'crsy li es in the cparati on of f.: ino rernon to create . rem orhe/'11 ( cidel ct al. . 

19 6: l\' crson, 1998: hu on . 1991 ). eidcl ct al. (1 9 6) and h·cr on (1991) concluded 

there \\'as not enough C\'idencc to uppot1 the plit of rem orhe/'11 from Kina remon. 

Ho,\·cvc r. I vcrson ( 1998) provided ample genetic e,·idencc for the monophyly of the 

genus Srem orh em s and it resurTection from the ynon;,111y of Ki11osrem o11 . 

Li f c Hi story 

b l 11 St died In most tudies that Srem orh em s 111i11 or pelr1fcr has not een t 1oroug 1 Y u • 

mention or include 5. 11 ,. pelr!fer, the turtle is not the mai n target taxon . A diet 

d , J · a 1alvses (Guyer and Herndon 1992; assessment (Folkerts. 196 ) an t,, o popu a11on 1 ; , 

Willi amson. 200 1) are the only studies that focus directl y on the subspecies. \fo re recent 



literature on S. 111 · 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 
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The range of Stem otherus minor (F igure l) includes all or portions of seven 

southeastern states: Florida, Georgia, Alabama, Mississippi, Tennessee, orth Carolina, 

Virgini a (Iverson , 1977b; Ernst et al. , 1994; Conant and Collins, 199 ). The subspecies 

S. 111i11or 111i11or occurs th roughout most of Georgia, the northern half of Florida's 

peninsula and all of its panhandle, and in southeastern labama westward to the obile 

Delta. Stem otherus 111. peltifer ranges from the panhandle of Florida westward to eastern 

Miss iss ippi and northward through mo t of labama and northwe tern Georgia to eastern 

Tennessee and extreme soutl1\\·e tern irginia (Em t ct al., 1994; Iver on 19 b· Conant 

and Coll ins, 1998) . Range of the two ubspecie are J111patric 0\·er mo t of the Florida 

panhandle and southeastern Alabama. A population di co\·ered by colt et al. (2000) in 

the Whiteoak Creek drainage (tributary to Tenne see RiYer) of Houston and Humphreys 

counti es, Tennessee, is 120 km no11h of the neare t known population in Landerale 

Count y, Alabama (Mount , 1975) . 

Other Related Literature 

Additional references relevant to this project and to S. 111i11or or closely related 

taxa fo llow and are li sted by subject : Distribut ion - Warton and Howard (197 I), Tinkle 
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(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 obj ective of thi s study was to obtain basic infonnation on the following 

aspects of the life history of S. 111 . peltifer: I) the o erwintering strategy in tenns of 

microhabitat preferences and movements, 2) home range characteri stics in tem1s of size 

and general habitat requirements, 3) sea onal and die! acti\·it y pattern , and 4) the 

influence of water temperature on movement and habitat election. 



CHAPTER II 

STUDY AREA 

9 

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 (Arnwine et al., 

2000). The Interior Plateau ( designated ecoregion 7 I) extends from Ohio to the northern 

tip of Alabama, and includes 5 Level IV ecoregions: Western Pennyroyal Karst (7le), 

Western Highland Rim (711), Eastern Hi gh land Rim (7 1g), Outer a hville Basin (71h), 

and Inner ashvi lle Basin (71 i) (Arnwine ct al. , 2000). 

The Western Highland Rim cover 1., .9% of Tenne ec's land area (Arnwine et 

al. , 2000) and is underlai n mainl y by bedrock of Mi is ippian ge plu mailer amounts 

of Pennsylvanian and Devonian Age (Quarternian and Powell 19 ). The bedrock are 

carbonate in compositi on and include lime tone of the t. Loui and ar aw sene . 

Ridges contain dolostonc and che11y Cretaceou gra,·el; lope con i t of Fort Payne 

Chert (Quartemian and Po\\'ell. 19 ; Che ter and Elli , 19 9). Carbonate rock which 

releases calcium carbonate into ,rnter. aids in the natural buffering system of streams and 

oround,\'ater thus stabili zino the pH of the waters and resulting in healthy aquatic 
b , · b 

ecosystems (Etgen et al. , 2002). The Tennessee Stream Condition Index (TSCI) for the 

Western Hi oh land Rim has a mean score of 31.9 with a rating of good (Arnwine et al., 
b 

2000). With the diversity of fish being highest in the Ecoregion and the TSCI scores 

classified as oood the study stream appears to be in healthy condition. 
b ' 
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The study area soils are a mixture of acidic and low to moderate fertile red and 

yellow podsols (Arnwine 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 fo rests wi th all counties found 

within the Western Hi ghland Rim having at least 50% of the land covered by secondary 

fo rests (Chester and Elli s, 1989). Chester and Ellis ( 1989) describe the fores ts as being 

dominated by four genera: Acer, Ca ,ya, Q11erc11s, and U/11111s. 

The nearest locati on to the study area with historic climatologic data is in Erin, 

Tennessee in Houston County. Erin is located 12 .5 km from Gander Bridge ite and 13 .5 

km from Spout Spring site. The mean annual temperature i 13 .9 °C with July (26 °C) 

bein o the warmest month and January ( 1 °C) being the coo le t month. nnual mean 
~ 

prec ip itation is 11 3 mm with the month of March ( 1 ·- mm) being the wettest and the 

month of October (89.2 mm) being the drie t. II climatic data were obtained from the 

fo llowing website: W \ \' \\' . \\·cat her.com. 



CHAPTER III 

MATERIALS AND METHODS 

Primary Collection Locations 

12 

Three sites (Spout Spring- 36° 15 ' 07" , 87° 48' 56"W; Rushing Bluff- 36° 14' 

58" , 87° 48' 45"W; and Gander Branch- 36° 13' 30" , 87° 46 ' l 8"W) along Whiteoak 

Creek served as the main source of study specimens. These locations ,,·ere chosen 

because of ease of their access, pem1ission by landowners to access them, and the known 

numbers of S. 111. pelt ifer previously captured at each (Wil li amson, 2001). All three are 

si mil ar by havi ng limestone bluffs and several fallen trees. Two stream a e ments 

adapted from the Red Ri,·er Water hed Associ ation ite- pecific tream \ i ual 

Assessment Protoco l were conducted at Gander Bridge and at a locati on between pout 

Springs and Rushing Bluff. The stream a e ment a ign a rating bet\\-cen 10 and -40, 

the latt er being the hi ghe t for quality. The final rating i derived from e,·aluation of 

eight stream features : riparian zone (rate each bank). bank tability (rate each bank), 

canopy cO\-cr. aq uatic insect 'im·enebrate habitat. rime and pool edimentation , " ·ater 

appearance/charac teri sti cs. nutrient enrichmen t. and channel condition. Each feature is 

scored on a scale from I to 4, ,,·ith riparian zone and bank tab ility recei,·ing core for 

each bank. The Gander bridge si te scored 2 , ,,·hile the tream ite between pout 

Springs and Rushing Bluff scored 30. Both sites had ero ion problems on one bank due 

to trampli ng by catt le. 

Capture and Tracking l\ lethods 

. I ,r, . ·· th funnel traps in Whiteoak Creek 
Recent attempts to capture S. 111111 o r pe U;e1 '' 

1 

. . . . . . 1 ecies (Williamson, 2001). Wading 
yielded onl y 111d1viduals of large1 aq uatic turt esp 



13 

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 

pa11icul ar model was selected for its compact si ze (33 mm x 13 mm x 8 mm), weight (4 .6 

- 5.0 g) , and battery longev ity (~248 days) . Radio si gnals emitted from the transmitters 

were picked up by a telemetry receiver (L 12-D ) and antenna (M-Yagi) purchased 

fro m A VM Instruments Compan y, Ltd . The LA\ _-D telem tr receiver and OPB-

2190 transmitter functioned at a lo,,· frequency range of -+9.000 to -+9.999 . 

l\lonitorin g Thermal Relation hip 

In add it ion to the SOPB-21 90 transmitter. an iBut ton~ Them1ochron ( ode! D 

192 1 G-F5) th ennal senso r ,,·a al o att ac hed to the carapace of each tudy animal. These 

dime-sized(~ 17 mm di ameter :x 6 111111 height and ~ 3.1 gram wei ght) them1ometer log 

temperature (accurate 0. 1 °C) and time (- 2 cond per month) . ngilletta and 

Krochmal (2003) evaluated the perfomrnnce of a imi lar model. the iButton 

Thermochron (Model OS \ 92 l-F5 l ), and found the instrument to be accurate to 0.3 °C in 

a Jib ra tory test and 0.3 ± 0. 1 °( ,,·hen submerged underwater for days. The iButton® 

d I o temperature at intervals from 1-255 Thennochron products can be programme to 0
.::i 

T111·s allo,,'s ,vater temperature to be compared to the habitat being readings per minute. 

d th \evance of temperature in relation to 
selected by an individual tu1il e, an to see ere 



movements. In this study, the iButton® Thennochron was programmed to take one 

temperature reading every 180 minutes (3 hours) for a total of256 days. 

Waterproofing and Affixing Transmitters and Sensors 

14 

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-Superepoxl ) after being attached to each specimen. Both 

the therm al sensors and transmitters were applied to the carapace with the PC­

Superepox/ adhes ive . Before appl ication, a section of the carapace \\'a cleaned (i.e . 

removal of dirt and algae) , dri ed , and scuffed \·ia sandpaper. Then the epoxy \\·a appl ied 

and the transmitter and them1al sensor et into pla e. The tran miner and themial en or 

were held in pl ace with rubber band fo r at lea l \_ hour in order to dry. The total 

pac kage weight (8 gram ) ranged from .., .2 % to .6 % of the indi\·idua\ tun le' ma . 1x 

indi\·iduals (5 .1 %, 5.2 %, 5. - 0
10 , 5. 0 o, .3 ~o and .6 °10) \·io lated the % package to 

mass ra ti o. 

Sampling ch edule 

During the study, \\·hich extended from ~l ay _00-l to April 200 -, ca h ite wa 

\·isitcd once a \\ eek to relocate study pecimcn and to acquire data on habi tat and abiotic 

conditi ons. Some \\·eeks the sites could not be ampled due to elc\·atcd \\·ater · Once 

d I I en or and relea ed, the number of pcci mens \\'ere fitt ed \\·ith transmitt ers an t 1enna 

I · of the transmitters. During the time 
days spent tracking was detennined by the onge\·it 

. • · 0 1 o indi\'iduals (5 males: 5 females) 
turtles were active, 7 days \\·ere spent momtonn.:, 

. . 1 .· This site was selected because of the 
from the Gander Branch site fo r die! be 1a\ ior. 

. . ne another The total number of days spent 
number of indi\'iduals in close prox1m1ty to O · 
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monitoring each indi vidual 's die! 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 invo lved obtaining radio fixes of each 

individual on an every-other-hour basis over the 24-hour cycle. Once the position of a 

turtle was detem1ined, it was recorded with a Tremblern GPS recei er and a Trimble 

Survey Contro llern 1. 

Five days ( 16 August , 2 September, 23 September and ➔ November) were sampled 

on even hours , while 2 days (27 Jul y and 12 August) \\·ere ampled on odd hours. This 

change \\·as due to del ay in my arri \·al time at the creek cau ed by traffic conge tion. On 

27 Jul y and 12 August no data \\'ere take bet\\'een 0 00 and 0900 hour; on 16 Augu t 

and 2 eptcmber no data were ob tained bet\\·een 0600 and O 00 hour . 

Geographical Information y tcm Tcchnologic and Ana ly i 

The home ran ge size, di tancc tra \·eled. and die! 1110\·ement \\'ere anal 'Zed by GI 

so ft\\ ·a1-c ESR I ArcG I 9. Arc \ ·i e\\' ~.2. and an online di lance calculator found at the 

fo ll O\\·ing \\ 'Cb add re : h11 1: •ra 1c\ ,nc .ahc .111. sta tc.cdu -fto ·al ula tor coll\-crtc .html. Digital maps 

\\'ere created of all three sites u ing E RI . rcGI 9, the Tremblern GP receiver, and a 

Trimble SurYey Controllerrn (Figure 3 a nd ➔ ) . nimal i\10\-Cment naly t faten ion 

(AJ\ IAE) Vers ion 2.0 (Hooge and Eichenlaub, _000) in. re\ ie\\' J __ calculated the 100% 

· · · d G ti 1990) and the shape file \\'a imported m1111mum conYex polygon (White an arro , • 

into ArcGIS 9 for analys is. In home range studies, the minimum convex polygon ( CP) 

· "d ethod in the ana lysis (White and hi sto ri cally has been the most commonly 111corpora1t: 111 

. . • Th calcul ated may include and Ganott , 1990), but the MCP has hm1tat1ons . e area 

db I roanism thus limiting the accuracy of exclude areas tranrsed and not tra\·erse Y tie O ::, ' 
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the home range anal ysis (Figure- ) Th 1· · · -- . 
· ese 1m1tat1ons appear to magrnfy m regards to 

fresh-water. stream-dweJling 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 include terre trial habitats ( cattle pastures. wood 

ri dges. and habitat adjacent to large vertical bank cuts ) not li kely to be traversed and 

excl udes aq uatic habitats that are likely util ized . Plummer and hirer 11 975 ) mentioned 

the ame issues with the M P in a study on Apa/one muticus . Becau e of thi . the li near 

home range distance and aquatic urface area ( I 00% minimum conve pol gon) was the 

best estimation of actual home range dimen ion . Burt ( 1943) define an animal ' home 

range as the area an individual occupie during the co llecti n of food. mating and 

parental care. For thi tudy. home range defin d b all th relo ation points and any 

area traversed by the animal during the tud period. 

The use of the Tremble TM GP recei er and a Trimble urvey ontroller™ 

allowed the construction of digital ite map u ed in the anal _ f home range 

characteristic and microhabitat preference . The hibema ula and microhabitat 

preference within a home range were de crib d for the followi ng variable : 

d C er/ ub trate in lud d the following cover/substrate . depth. an temperature . o 

categorie : ubmerged limestone bluffs. vegetated rocky out r P • bank ith e po ed 

f::... 11 nag . and logjams ). unconsol idated root system. woody debris (includes wen tree • 

th al si of the diel behavior. the . . aval bank. water wi llow. and open water . In e an 

. . . D artrnent web ite (http:/ aa.u no.navy.mil ) Observator) Astronomical Applications ep 

. . . • es of da light and darkness. was consulted when determmmg precise tim · 
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Statistical Analysis and Software 

MIN IT AB® version 14 13 stat1· st· 1 ftw · · · 1ca so are 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. M icrohabitat data were analyzed using 

Ch i-square goodness of fit , and a Chi-square test of independence was used on the sex 

micro habitat comparison . Linear regression was used in comparing mass of an indiYidual 

tunle to home range length , creek temperature to turtl e temperature. mean monthly 

di stance traveled to creek temperature, and mean monthly depth to creek temperature. 

Mean monthl y distance and depth were analyzed with a General Linear 1\lodcl (GLM) to 

incorporate the repeated measures nature of the de ign. and a Tu key· te t at a 95% 

confidence level was preformed to determine ,,·hich month ignifi antly differ from one 

another. Diel mo\'ements used logistic regre ion and GL~I analy e , taking into account 

the repeated measures desi gn. Logisti c regres ion wa u ed to analyze frequency data for 

darkne sand dayli ght moYement . mo,·ement within indiYidual _-hour interYal • and 

· · d · b I · ·oral hi ft To account for the zeros bet,Yeen the samplmg ep isodes to etem11ne a e ia, 1 · 

. . .d 1 1 , di tance were calculated b fir t 
and lessen the skewness, 111d1\'l ua turt e s mean 

. . . . . d 1 1 distances \\'ere calculated for each 2-
summrno distance ,,·1th111 an mter,al, an t 1en meai 

::, 

. d 1· I t I rs for a oi, en day. Th non-parametric nature 
hour mterval , dark hours, and ay 1g 1 1ou o 

f 
. · als exhibited no movements, thus 

of the data was due to the large number o umes amm · 

skewing the data 



CHAPTER IV 

RESULTS 

Home Range and Overwintering Behavior 
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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 f · ct · ·ct I ranges o 111 1v1 ua s 

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

Also, no correlati on (r
2 

= 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 

\\·ere ex tremely vari ab le ranging from 35 to 12 3.2 m (Table I). tale (335.0 m) and 

fe111a le (346.0 m) linear home ranges \\·ere comparable in length and did not differ 

significantl y (W = 37.0, P = 0.333) from one another. le\·en out of 14 turtle (-l male : 

7 fe111a les) moved a distance of at least I 00 m on one or more occa ion b t\\"een 

relocation points . Of the 3 turtle that ne\·er tra\·er ed a di tanc of 100 111 or greater. l\\"O 

were males and one was female. Mo t turtle di I layed a trong it fidelit y returning 

periodically to the same general area (main acti\·ity center) \,·ithin the home range (Table 

2 and Appendix). Q\·er half (64.5%) of the relocation for each indi \·idual turtle. on 

average, was within I 0.8 111 of each other (Table 2). ite fidelit data were pooled on! 

r I I 110 t acti \·e Throughout the study 1or summer and autumn months\\. 1en turt es \,·ere 1 · 

4 7. 0% of al I relocation points \\"ere located at the prior \,·eek' s relocation point for an 

individual tu11le . Home ranges overlapped among and between the sexes. There was no 

. . . 1 1 showed no eYidence of territoriality mstance \Yhere separation was eY1dent, t ms turt es 

(Figures 7 and 8) . 
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Table I. Data on mass, telemetry to mass ratio, and home range size for 14 individual 
S. m. peltifer tracked in Whiteoak Creek, Houston and Humphreys cou~ties, 
Tennessee, from May 2004 to April 2005. 

Home ranse 
Indi vidual Telemetry Package 

ID(sex) Mass (g) 

23 

to Turtle Mass Ratio Lenght (m) Area (sq m) Area (ha) 
0-8 F 254 3.2 45 0. 949 .0 0. 95 

2-9 F* 139 5. 23.9 13" 45.5 1.3 55 
11 -3 F* 146 5.5 37.9 9.6 0.009 
1-11 F 23 7 3.4 416.1 4900 .0 0.490 
10-8 F 162 4.9 - 1 . 0 0 . 

5.2 122. 131 , 
0.132 

9-0 F* 153 
·-' 

6-0 F* 15 5.1 219 .0 I ') - 0. 
2-8 F 169 4. 2 9. - 3 A 0. 4 

10- 11 M 177 4.5 12 .2 22 24 .0 2.23_ 
2-1 M 169 4. 199.0 29 1.5 0.29 

11-10 M* 110 .3 J .0 2-L.6 0.024 

2-2 M* 105 .6 24 · .5 _676.1 0.26 

8-8 1 162 4.9 162 .1 0.016 

S-1 M 166 ➔ . 240.-l _623 .3 0.262 

Mean ± SE 164 .8± 10.8 5.1::: 0.3 2 3 4 1 . ➔ ::: 90. 0.51 -0. 1 

· I . d d -~0 of body weight *lndiYidua ls \\' hose telemetry package \\·eig 11 excee e · ~ 



Table 2. To ta l number o f re locati o n po ints and length o f to tal hom e range fo r each stud y animal compared to the longest 
dim ensio n o f th e m a in ac ti v ity center, th e number of relocati o n po ints therein , and the percent of all relocation 
po ints reco rded in th e m ain ac ti v ity center in W hiteoak C reek, Humphreys and Houston counti es, Tennessee, 
fro m M ay 2004 to A pril 2005 . 

Iniividu.J's ToW Hon~ Range Main Activity Center Within Hon~ Ra!~ 

ID(sex) No. R.eloca.tionPoints Ho~ P,.,a.i:~e Le~th (m) Lorge,! Dimension(m) No. Reloca.tionPoints ¾ of ToW Relocation Points 

0-8 F 26 45/J .8 3 24 923 

2-9 F 19 723 .9 21 13 68.4 

11 -3 F 31 37 .9 5 21 67.7 

1-11 F 18 416.l 4 5 278 

10-8 F 19 518 .0 2 13 68.4 

9-0 F 9 122.8 8 8 88 9 

6-0 F 34 219.0 14 29 8.53 

2-8 F 24 279 .5 17 16 66.7 

10- 11 M 12 1283.2 34 5 41.7 

2-1 M 16 IC/i 0 6 12 7.SD 

11 -10 M 34 35 .0 7 20 58.8 

2-2 M 21 245 .5 12 9 429 

8-8 M 10 7.8 0 5 .SOD 

8-1 M 13 240 .4 18 9 692 

Mean ± SE 20.4 ± 2.25 341.4 ± S().3 10.8 ± 2.49 13.5 ± 2.02 64.5 ± SD N 
+:>-
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The overall mean distance moved for all turtles varied throuohout the study and 
b , 

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 , 

si o-nificant differences were revealed between the mean distance moved in June and 
b 

January (t = 3.46, P = 0.038), June and February (t = 3.5 , P = 0.034), and June and March 

(t = 3.38, P = 0.04 7). Female 2-9 was onl y relocated t\ ice bet\ een October and 

December due to equ ipment problems and because of thi it was excluded from these 

mon ths in the mean monthl y distance and depth anal ses . 

Attempts were made to monitor the creek t mperature throughout the study. 

Twice the temperature senor was lost during exec i\·e fl ooding. However tem1 erature 

data were obtained for the months of ugu t 2004 through pril _oo r. linear 

regress ion analysis was used to examine the relati on hip between mean creek 

temperatures and mean distances traYeled fo r tho e month . Re ult rc\-caled that the 

mean dis tance tra \'eled was si gnificantly correlated in a po itive manner to the mean 

monthl y temperature (r2 = 0.526, P = 0.02 ) (Fi gure I 0). Onl y one iButton wa 

. c I 9 0) w·th a fun ct ioni ng tran mitter. nfortunately 
retne\'ed from of a study turtle (1ema e - 1 

. fi Id rendering the temperature data unusable 
thi s turtle was discoYered dead 111 an open ie , 

. t t \\·ith temperature data extending from 
for the purposes of this study. Another iBut on 

I 8 9 at Gander Branch. This turtle 's 
July 2004 to April 2005 was removed from ma e -

. d Joyed resultino in no data on its 
transmitter however, failed two days after bemg ep ::, 

. led in Fi oure 11 the temperature 
where abouts durin o most of the periods . Still , as revea 

O 
' 

b 
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regime from the iButton® on male 8-9 was positively correlated (r2 = 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 

( I male: 3 femal es) were ac ti ve to varying degrees . Exact \ when turtles entered the 

inac ti ve period vari ed with the individual but occurred main! bet\\·een 11 ~ovember and 

\ 2 December. The mean distance mo\·ed by turtle that remained a tiYe during the \\·inter 

was minimal (Fi gure 9) . The resurgence of mo\·ement in pring occurred o\·er a mor 

contracted time period th an the fall low-down leading up to winter. Tunic began 

moving within a two \\·eek time period bet,,·cen 31 \l arch 2 o-and 19 April _Q0 . Due 

to transmitter fa ilure in the win ter month . only of the turtle that wer inacti ,-c 

during the \\·inter \\ -C I"C documented emerging from dom1ancy. Only - turtle (male -- 1 

and 2-2) rnoYed out side of their knO\\·n home range to O\·er-\,·inter (Figur 12 and 1,). 

Like all other turtl es, femal es 11-3 and 6-0 remained in the area where they were ac tive 

. 1 le ( _ -I and I 0-1 1) traversed during summer and fa ll (Figure 14). Three ma e tun - - , - • 

0 ' v· 1terino habitat 1ale 2-1 tra eled di stances downstream of 184 to 20 m to O\ ef\ 11 o · 

b ?004 where he remained sect ntary until 
193 m from 16 November to the 21 ovem er - , 

00 t between 2_ October and 29 
11 April 2005 (Figure 12). Male 2-2 moYed 2 me ers 

d I rt distance do,,·nstream to remam 
October 2004, and then 2 weeks later moYe a s 10 

. . ter 's battery life (Figure 13). \tf ale 10-11 
sedentary for the remamder of the trans!111t 
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traveled 184 m between 16 November and 2 l N b 
ovem er 2004, then a week later moved a 

short distance upstream to remain sedentary unt'l th d f . 1 e en o the study (Figure 15). Four 

turtles (3 male: 1 female) overwintered within 37 d ft . 
m an o en shared the same relocation 

points, but turtles never occupied the same relocation · t · 
1 

. 
porn s1mu taneously (Figure 16). 

Habitat Preference 

Habitat usage was not uniformly distributed among the seven available 

microhabitats (X
2 

= 766.28, P < 0.001 ). The most frequently selected microhabitat was 

submerged limestone bluffs. Of 443 relocations records 257 (5 .0%) were for turt les 

associ ated with this geo-physical feature. The nex t-most-vi ited mic rohabi1a1 wa 

shoreline areas below vegetated limestone outcrops ( 16.0%). f1 er this came woody 

debri s (15 .1 %), tangled root systems (5. 6%) patche of water willow (0.6 ~o) bank of 

unconso lidated materi al ( 4.1 %), and open ,rnter (0 __ "' %) (Tabl e 3) . fale and female 

habitat utili zati on th ro ughout the study differed ignifi cantl y (.\"2 = __ JI, P 0.00 1 ). 

Although both male and female tunl es how d imil ar preference for woody debri 

14.9% and 15.3%, respecti ve ly, they diffe red in the elec tion of the other microhabitat 

(Table 3) . Males ,,·c1-c documented at lime tone bl uff -D.4°o of the time. where 

· · · 6 5 0 1 f l 1· 1e t.\ f1c r lime tone bluff male fe males frequented thi s m1 crohab 1tat . 10 o I 1e 111 • • , 

chose vegetated limestone outcrops (30.9%) ,,·hile female ,·i ited th i microhab ital onl 

6.3 % of the time (Table 3). 

. d 6 . fi 1d in 4 microhabital . 4 in 3 Out of 14 turtles being mom tore , '' ere our 

. . . . ole microhabi tal (Table 4) . All but one 
m1crohabitats 3 in 2 microhab1tats and I 111 a Sll1::, 

' 
. · 9 alono limestone bluffs by rocky 

was fo und in association with woody debns, ::, 

·11 and alono unconsolidated bank , and 2 • ..., I · 11 water w1 ow ::, outcrops, 5 111 root systems, -' eac 1 1 
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Table 3. Frequency (and percent) of relocation points, overall and by sex, recorded fo r each microhabitat identified 
within the study area. 

Limestone Woody Root Rocky Water Unconsolidated Open 
Sex Bluff Debris System Outcrop Willow Bank Water T otals 

Female 181 (67.5) 41 (153) 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) 7 1 ( 16.0) 3 ( 0 68) 18 (4 1) 2 (0 23) 443 (100) 

(.;.) 

00 



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

Microhabitats 

Turtle Limestone Vi/oody Root Rocky Water U nc ons oh dated Open Total 

ID~seY~ Bluff Debris sistem Outcrof Willow Bank Water Habitats Used 

9-0 F X X X X 4 

1-11 F X X X X 4 

11-3 F X 

10-8 F X X X X 4 

2-8 F X X 2 

2-9 F X X X X 4 

6-0 F X X X 3 

0-8 F X X 2 

8-8 Ivl X X X 3 

10- 11 lVl X X 2 

2- 1 lVl X X X X 4 

11 - I0M X X X 3 

8- 1 lVl X X X 3 

2-2 lVl X X X X 4 

T otal 
9 13 5 8 3 3 2 

Turtles 
w 
\0 
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in open water. home ranges including wood d b . 
y e ns and vegetated limestone out crops 

(Table 4). Only one turtle 's home range was Jacki . . 
ng all m1crohab1tats except limestone 

bluff (Table 4).All other turtle home ranges inc . 
orporated at least 2 m1crohabitats (Table 

4) . 

Usage of microhabitats by S. m. pe!Wer du · · 
'l ' nng wmter months (December -

March) was also disproportionate (X2 = 452.02 p < o 00 1) d d'd • 
, • an I not 1m olve any water 

willow patches or open water (Table 5). Unli ke overall microliabi.t at · 
1
. • d usage, It was 1m1te 

mainl y to areas beneath limestone bluffs (72 .4%) and vegetated rocky outcrops (20.4%) 

\\'ith minimal use of the other features . Male and female overwi ntering beha\' ior 

invo lved significantl y different selecti ons of microhabitat (.\'2 = 5 __ 6 , p < 0.00 1) (Table 

5). Relocations for male turtl es were distributed somewhat e\'en l between lime tone 

bluffs (54.4%) and vegetated limestone outcrops (4~ _6%). In cont ra t, 6.9% of 

re locati ons for females were beneath limestone bluff , with the remaining I . I 0 o 

representing woody debri s (1.2%), roo t system (4. %). and uncon olidated bank ( .1°0). 

The mean depth at relocation points fo r all tun ic over the tud y rang d from 

111 to 3.6 m and averaged 0.88 m. A general li near model re,·caled the mon thl y mean for 

depth of relocation points to be significantl y di fference (F = __ 06, P = 0.032). bu t a 

Tukey's test at a 95% confidence interval did not reveal an month! difference in 

f Ja lll~rv through pril as compared depth . There was a trend towards deeper waters rom 1 ~ ; 

1 · . · nts for males and fe males did to the rest of the year (Figure 17). Depth of re ocation P01 

. . . -0 56) (Fi oure 18). There was a sign ific ant 
not differ s1 g111ficantly overall (W = 40.0, P - · ::i 

. d de th of relocation points fo r which 
negative correlation between creek temperature an P 

I . 2 p _ 0 0018) (Fi oure 19). t iese data were available (r = 0.5 77, - · ::i 
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Table 5. Frequency (and percent) of relocation points for males and females as 
recorded for each microhabitat during the \ inter inactivity peri od 
(December - March) . 

Winter M1crohabitats 

Lune stone Woody Root Rocky nconsohdated 

Sex Bluff Debris System Outcrop Bank Totals 

Female 73 (86. 9) 1 (1 2) ( 8) 0 6 (7 1) 84 (100) 

Male 37 (54.4) 0 (0) 0 (0) 31(456) 0 (0) 68 (100) 

Totals 110 (72 .4) I (0.66) 4 (2. 6) 31 (20 4) 6 (3 9) 152 (100) 
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Diel Behavior 

Overall, the study animals exhibited a preference c- d kn 
1
-

1or ar ess over 1ght (Z = -

3.07, P = 0.002) (Figure 20). Male turtles moved more frequently during daylight hours 

than females (Z = 2-12, P = 0.034) (Figure 21 ). The population 's die! behavior 

(frequency) shifted with the changing seasons (Z = 2.15, p = 0.032) . The months of July 

and August saw the highest levels of nocturnal behavior, whi le during September, 

October, and November no preference for light or dark was apparent (Figure 20). Turtles 

did not move more frequently during any parti cular 2-hour interval when checks were 

begun in even hours (Z = 0.00 to - 1.33, P-values ranging from 0.2 1 to 1.00) nor was 

there any significant difference in the distance tra eled per inten al (F = 0. P = 0.659) 

(Figure 22) . In contrast , data from two 24-hour samples during , hich checks, ere begun 

0 11 each odd hour, there seemed to be a trend toward progr si el more and longer 

movements from 1700 hours through 0100 hours (Figure 23). Thi obsm·ation, ho\\'e,·er, 

cannot be supported statisti cally because of the small ample size. 
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CHAPTERV 

DISCUSSION 

Movement and Overwintering Behavior 

Most direct observations of S. 111 pe/t;r, • . . 
. 1.; er movmg m Whiteoak Creek were of 

individuals crawling on the stream bottom. Th ' h · 
IS ab1t of bottom crawling as opposed to 

swimm ing, probable enabled radio-tagged individual · th· d . 
s m is stu Y to carry transmitter 

packages of up to 7.6% of their body mass without af"ect· th · 1' mg eir movement. Schubauer 

et al. (1990) used transmitters that reached 12% of the body we·gl t fr. 1 . 
1 1 o 11 ac 1e111ys sen pt a 

they tracked without any apparent adverse affects on their mo ement buo anc and 

survi vabi I ity. 

Many movement studies have sho\t..11 that turtl es along wi th man other reptile 

species, transverse a limited area throughout their lifespan ( ahmoud 1969). 

Sremotherns minor pelt1f er is no exception to this rule. Its home range a documented in 

thi s study is generall y small er than that of other ri verine specie that occur in \\ hiteoak 

Creek. Plummer et al. ( 1997) fo und that male and fe male Trion_, ·x spiniferus known 

today as Apa/one spiniferns, in Central Arkansas have hom ranges wi th average lengths 

of 1756 ± 522 111 and 1420 ± 590 m, respectfull y, which are fou r to fi ve time longer than 

what I fo und for S. 11 1. pe/t1f er. Likewise, the linear home ran ge of Graptem_ls 

. dB 1r (19 8) at 2 l km for male and geographica was larger as detenmned by Pluto an e is · 

• species is related to size 
for 1.2 km female. The difference in home range sizes among 

. . . . • Laraer turtle species inhabit 
differences of the individuals w1thm the vanous species. ::, 

ared to smaller species (Gibbons et 
larger areas and have laroer home ranges when comp 

::, 
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al. , J 990), suggesting size and therefore the metab I' 
0 ic demand of an organism directly 

affects the home range size of the organism Thu ·t fi 
11 · s 1 0 ows that larger turtle species must 

inhabit and transverse larger areas to meet their m t b 
1
. . 

e a O IC requirements. Turner et al. 

( 1969) found in some lizard species that home range s · • . 
ize positively correlates to the body 

weight of the individual. The data obtained on home ran · f S . . . 
ge size o . m. peltifer m this 

study is at odds with Dodd's et al. (1988) findings for the closely related species, 

Srernotherus 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 9r % 

minimum convex polygon for one male turtle's home range while I u ed ArcG I 9 to 

calcul ate the I 00 % minimum convex polygon to include all aquatic habi tat and exclude 

all terrestri al habitats of 14 tu1il es ' home ranges. On! one . 111. pelt ifi r (11- female) in 

Whiteoak Creek had a home range si ze (89 m2
) that wa comparable to the m1 home 

range calculated by Dodd et al. ( 1988) for a male . depre 11 . In hiteoak reek . 111 . 

pelt if er displayed no apparent ev idence of being territori al due to overlapping home 

ran ges and sharing ofmicrohabitats. Schubauer et al. (1990) and Harrel et al. (1996) 

fo und in T. scripta and M. re111111i11ckii, respectful! overlapping home range oc urr d 

among and between males and fema les. 

Many studies (Han-el et al. , 1996; Plummer et al. 199 . Pluto and Bell i 19 . 

I I moving larger di stances and Mahmoud, 1969; Schubauer et al. , 1990) haves 1own ma es 

. . . , al size dimorphism found in most 
util1 z111g larger home ranges than females. The sexu 

s for increasino males' mobility to aid 
tunle species has been thought to be advantageou 0 

I male S 111 _ peltifer in Whiteoak 
· . Sh. 1980) Converse Y, · 111 mate searchmg (Ben-y and me, · 

oths when compared to females . This 
Creek have very similar mean home range len° 
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al J 990), suggesting size and therefore the met b r 
., a O IC demand of an organism directly 

affects the home range size of the organism Th · t fi 
11 . us I o ows that larger turtle species must 

inhabit and transverse larger areas to meet their m t b 
1
. . 

e a o ic requirements. Turner et al. 

( I 969) found in some lizard species that home range · .. 
size positively correlates to the body 

weiaht of the individual. The data obtained on homer · fS . . . 
o ange size o . m. pelt1fer m this 

study is at odds with Dodd 'set al. (1988) findings for the closely related species, 

Sternotlzerus depressus. This is probably due to the differences in sample sizes and 

methods of analysis. Dodd et al. (I 988) only had sufficient data to calculate the 95 % 

minimum convex pol ygon for one male turtle's home range while I used ArcGI 9 to 

calculate the I 00 % minimum convex polygon to include all aquatic habitat and exclude 

all tenestrial habitats of 14 turtl es' home ranges. Onl y one . 111. peltifer (11 -.., ~ male) in 

Whiteoak Creek had a home range size (89 m2
) that was comparabl to the m2 home 

range calculated by Dodd et al. ( 1988) for a male S. depres 11s . In hit oak reek . 111 . 

peltifer displayed no apparent evidence of being territorial due to overlappi ng home 

ranges and sharing of microhabitats. Schubauer et al. (1990) and Hanel et al. (1996) 

fou nd in T. scripta and M. temminckii, respectfully, overl apping home range occurr d 

among and between males and females . 

Pl t I 1997· Pluto and Bellis 19 ; Many studies (Harrel et al. , 1996; ummer e a ·, 

1 mo ing larger distances and Mahmoud, 1969; Schubauer et al., 1990) have sho\ n ma es 

. . . h xual size dimorphism found in most ut1li z111° laraer home ranaes than females . T e se, b ::, ::, 

s for increasing males ' mobility to aid 
turtle species has been thought to be advantageou 

. . verse! , male S. m. peltifer in Whiteoak 
111 mate searching (Berry and Shme, 1980). Con Y 

. . . a naths when compared to females. This 
Cieek have very surnlar mean home ranoe le 0 
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apparent similarity in home range size maybe part' 
11 

d . 
,a Y ue to the extensive home range 

lenath of male 10-11 skewing the data. With male 10 11
, h 

:::, - s ome range excluded, the 

mean male home range length decreases from 335 to 145 5 -
11 

. . 
. m sh making the difference 

between male and female not statistically significant (W = 23 0 p = 
0 092

) w· h 
. , . . 1t such a 

small sample size of males (N = 6) it is possible that 1 o 11 ' sh 
I 

h · 
, - ome range engt 1s not 

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. ln 

general, as food resources increase home range si ze tends to decrease (Zug et al. 200 J ) . 

If a small area meets the resource requirements such as habitat types and condi tion then 

turtl es can be more stationary (Pearse, 1923), and home range can probabl be mailer. 

Galois et al. (2002) exp lained the increase in movement by Apa/011e pi11ifera as tu rt le 

searching fo r hab itat with appropriate resource . Al o home range ize ar limited by 

the particular hab itat types available and the cond iti on of the e habi tat ( ahmoud, 

1969). If a hab itat resource is poor, then more area i needed to support an indi idual 

turtle thus a larger home range. 

Since aquati c habi tats are dynamic and could change with ach ignificant rain 

h Id b xpe tcd to fluc tuate within event , the si ze of an indi vidual turtle's home range s ou 

PI d hirer(19 S)foundTrio11yx a given year or more likely between years. ummer an 

. hem era I nature of its preferred habitat 
111111ic 11s home range to be dynamic due to the ep 

. e individuals ' home ranges shifted to 
(sandbars) caused by periodical flooding, but som 

. . habitat alterations. For S. m. peltifer in 
utili zed different sections of the nver without 

. . two stationary microhabitats (limestone 
Whneoak Creek, the key habitat types were 

I microhabitat (fallen trees) . The 
bluffs and veoetated rock outcrops) and one ephemera 

:::, 
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distance between a stationary microhabitat and a ( 
alien tree may change drastically over 

night, and the same is true with distance betw . . . 
een md1v1dual fallen trees. This in return 

could cause greater separation between crucial . 
resources, thus increasing the turtle' s 

home range length. Home range size should be expected t d"fc b . . . 
0 1 1er etween sites w1thm a 

river system and definitely throughout the geograph· 1 d. .b . 
ica IS!n ution of the species due to 

differences in resource availability and distances betw c . 
een pre1erred habitats. Some 

individual S. 111. pe!tifer 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, oody debris uch a 

snags and fall en trees would be expected to change wi th time. 

Stem otherus 111i11or peltifer in thi s study displa ed movement pallem imilar to 

those described by Dodd et al. ( 1988) fo r Stemorherus depress11 . i ter taxa. the e 

two species are consider more closely related to each other than to the other two pecie 

of Sremotherus (Tinkle, 1958; Iverson, 1998), so behavior imilaritie hould be 

expec ted. Indi viduals had preferences for certain sites within their home ran ge that the, 

frequented th ro ughout the study. Most individuals would make long-di tance 1110,·ement 

up and down stream from a preferred area to stay da s or' eks at a time before 

returning. Like S. depressus, multiple individuals utili zed these preferred sites 

1 ( I 996) found site fidelit as well in concurrently throughout the study. Harrell et a · 

. . . . 1 ti on fixes were 1.5 m from a previous 
Macroc/e111ys te111111111 cku were many of the1e re oca 

I S rnorherus depressus relocations 
know occupi ed microhabitat. Nearl y half oft 1e re 

. dd t 1 ! 988) while relocations fo r 
mvolved laroe fl at rocks on the stream bottom (Do e a ., ' 

b 

. . . submeroed limestone bluffs. Substrates 
S. n1. pelr ifer involved predommantly crevices m i:, 
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below limestone bluffs and limestone outcro s . 
p occasionally consisted of large rocks but 

mostly were dominated by cobble and gravel-sized . ' 
rock. One difference between the two 

species is that mud habitats were selected more often b 
Y S. depressus than S. m. peltifer, a 

difference that may have been more a function of a -1 bT . 
va1 a I ity that choice. Both species 

exhibited a penchant for woody debris such as fall t 
1 ' en rees, ogs, and root-debris. The 

similarities among the two species diets could account fio th • .
1 

. . . . 
r e s1m1 anties m habitats 

being occupied. The diet of S. depressus consists largely of ga t d (M . s ropo s anon et al. , 

!99 1) much like that of S. n1. pelt1fer (Folkerts, 1968). 

Habitat preferences displayed by S. 111 . peltifer in this study \ ere generall y imilar 

to those ofother Stem oth erus species, but differed in some respects. Ernst et al. (1994) 

mentioned commonly exploited habitats for S. minor included snags and fallen trees O\'er 

a so ft bottom. Most of S. n1. peltifer in Whiteoak Creek were relocated on rock 

substrates and were rarely documented traversing soft bottoms. The \ hiteoak Cre k 

populati on appeared to favo r limestone blu ffs and outcrops mor than nag and fallen 

trees. Mahmoud (1969) fo und that habi tats (rocks, logs , and overhanging bank ) elected 

by S. odora tus and S. carinatus in Oklahoma to be similar to tho e Dodd et al. (19 ) 

observed for S. depressus. I also fo und S. m. peltifer in these habitat , but to a le er 

· r d · ti · t d wa \'er imilar degree. The mean depth at which S. 111 . peltifer were ioun in 11s s u 

I ( 1994) 1 \J hiteoak Creek the mean depth 
to that reported for the species by Ernst et a • · n 

o iven by Ernst et al. (1994). The 
was 0.89 m, which falls near center the 0.5-1 .5 ranbe g 

. . . robably the result of different 
dissunilarities in habitat selection mentioned above are P 

. . . . I ecies occurs and availability 
geographical features dommatmg 111 where eac 1 sp 

Populations in the Tennessee River 
differences of each habitat within a given stream. 
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drainage are likely to occur in streams where I' 
imestone bluffs and vegetated rock 

outcrops are far more abundant than in streams on th C . 
e oastal Plam of the southeastern 

United States. 

Sternotherus minor peltifer in Whiteoak c k h . . . 
ree s owed activity m every month of 

the annual cycle. However, there was a four-month pen· d fr 
0 0 om ecember to March 

when activity decreased noticeably. Ernst et al. (1994) re rt d th S . . 
po e at . 111111 0 1· m more 

northern latitudes hibernates from December thro ugh February M l 1-k S . 
. UC 1 I e . 111/llOr , 

Sremotherus odoratus and S. cari11atus in Oklahoma exhibited a three-month period\ ith 

some inac ti vity lasting December through February (Mahmoud J 969). ternothems 

odoratus was estimated to remain ac ti ve for 330 days and . can11at11s 31 Oda 

(Mahmoud, 1969). In Pennsylvania, S odora tus wa inacti\·e fo r a five-month period 

ex tending from ovember through March with on! 220 da s of activit ( m t, 19 6). 

Plummer and Burnley (1997) fo und indi vidual Apa/one spin ifi ra in rkan a , much like 

S. 11 1. pelr ifer in Whiteoak Creek, were not exc lusive! sedentar in winter but hi fled 

hibemacula an average of 1. 8 times oYer the course of \,·inter. 

The mean di stance moved by S 111 . peltifer in \ hiteoak Creek d er a ed during 

the winter months whil e the depth of relocation points increased. The e minimal 

. . . · 1 I ·olooical role moving into area of di stances moved dunng w111ter may have a vita P 1ys1 ::, 

. . (U l h 19 9) Decrea e in mean di tance hi gh oxygen concentrations from low ones tsc , · 

. . . " 'h't k Creek was probabl direct\ related to 
1110\'ed and 111crease 111 mean depth 111 vv 1 eoa 

. the most important aspect in impeding 
changes in temperature. Gregory ( 1982) claum 

. d ·no distance traveled , is the ambient 
metabolic rates and inducing hibernation, thus re uci ::, 

f r . ·0 11 , ·t spinirerus db dy temperature o i, 1 J · 'J ' 
temperature. Plummer and Burnley (1 997) foun ° 
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10 be comparabl e to the ambient creek tern 
perature. Turtle 8-9 also displayed this 

relationship . Water temperature was found to affect M, . 
acroclemys temmznckii movement 

but photoperiod was also suggested as another f; t re . ' 
ac or e iecting the movement in winter 

months (Harrell et al. , 1996). In the case of Apa! . ;r, 
one spzn1;era, mean distance moved 

decreased while the mean depth increased with the a h f . . 
pproac o winter (Galois et al. , 

2002). Deeper waters could provide some temperature stab·1· t th 1 . 1 1 Y roug 1out the winter. 

Fluctuation in ambient surface temperature would affect a re t.l · · • p I e overwmtenng m 

shall ow waters more so than one in deeper waters (Gregory 19 2) A 11 , . n unusua y wam1 

mid-winter day or wam1 rain mi ght stimulate turtles overwintering in shallow water 10 

reemergence premature ly subjecting them to harsh environmental conditions that might 

qui ck ly return . 

In Whiteoak Creek, it took the radio-tagged population of . 111. pelrifer everal 

weeks to enter the winter inactivity period and on! about 2 \\ eeks to emerge from it. 

This is not uncommon in rept ile species. The time from when the fir t individual of a 

popul ation enters winter dom1ancy to when all have done such could be everal month 

(Gregory, 1982) . The reemergence of the Whiteoak Creek population \,·a preced db a 

signi ficant ra in event that caused the creek to leave it banks. Thi might have been the 

main stimulus tri ooerino resumption of activity . .::,.::, .::, 

Diel Behavior 

I. • c . ctumal mo\ ements b . 111. pelrifer, 
Although my data show a proc 1v1ty 1or no 

Most Of the hand captures were during daylight 
diurnal movements were not uncommon. 

. . 1 · . ted to nocturnal movements 
hours (0700-1 800) su ooestino that the species is not 11111 

, .::, .::, .::, 

b rved may have been affected by the 
onl y. The apparent preference for darkness I O se 
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absence of data from intervals missed whens I' 
amp mg. However, this is highly unlikely 

since the P-value was so significant at p == o oo2 E 
· • rnst et al (1994) · reported S. minor to 

be active during both day and night with a tendenc t b . . 
y o e most active m the morning. 

Sternotherus depressus displayed a variety of die! b h . ( 
e av1ors nocturnal , crepuscular, and 

diurnal) during the annual cycle by being diurnal when w t 
a er was cool and nocturnal 

when it was warm (Dodd et al., 1988). It appears thats ni pe/t; r, , ct· 1 b h . · · 1; er s 1e e av1or 

undergoes the same shifts with the seasons as S depressus Thi s t 1 · · h' · . empora act1v1ty s 1ft 

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 die! behavior of S. m. peltifer appears to shi f1 from 

nocturnal during wanner parts of the year to not having an affinit for either da li ght or 

darkness in fa ll and winter. Before thi s can be confinned die! sampling including all 

seasons will have to be conducted. If real, the shift may not be photo-related but dri ven 

by a physiological restraint due to decrease in water temperature in the fall and, int r 

months. Graham and Hutchi son ( 1979) fo und similar result sugge ting temperature and 

not the Yari ation in photoperiod was affecting die! movements in Cl11y emy picra 

Cle11111n •s autrata and Stem otherus odoratus . 
. b ' 

. fl h b'tat partitionino and communit Competition for food resources can m uence a 1 ~ 

. . . . . I h direct effects on thee olutionary structu re. Interspec1 fie compet1t1on , m part1 cu ar, as 

. t com etes another species for a food 
process within a community. When one species ou - P 

. . . e arated and unable to coexist in the 
iesource, the two species can become spatially s P 

. s not necessari ly have to be spatial but 
same habitat. Conversely, the separat10n doe 

. 'th comparable diets may 
b tv n two species ,, i 

maybe temporal. Temporal separation e 1/ee · 
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reduce competition, thus causing species ada t t' . 
p a 10n to different rhythmic regimes 

(Gourley, 1979). 

The nocturnal nature of S. m. peltifer in Whit k 
eoa Creek may be evolutionary 

adaptive minimizing resource competition with a c ·nh b. 01 a itant, the larger turtle species, 

Graptemys geographica. Both species have analogous g t d b . 
as ropo - ased diets, but 

conversely dissimilar diel behaviors. Graptemys geogra I · · d' 
1 

. 
P 11 ca 1s 1uma and 1s well 

known as a basking turtle (Ernst et al., 1994), while S. 111 . peltifer in Whiteoak shO\ a 

nocturnal behavior. Sternotherus minor peltifer and S. 111 . minor adults have a 

molluskivorous diet while smaller individuals feed on insects (Folkerts 196 ; Tinkle, 

1958). The diet of the population studied by Folkerts (196 ) con isted of 69.5 % nail , 

and on ly 0.1 % bivalues. With an increase in bod si ze, . 111 . 111i11or appear to hifl from 

insectivorous to molluskivorous (Ernst et al. 1994 · Tinkle 195 ). uch like . 111 . minor , 

C. geoaraphic has demonstrated both molluski vorou and in ecti ,·orou diet . \ ogt 

( 198 1) found this to be true in a population in Wi con in , and characteri zed the diet a 

molluskivorous for females and insecti\'orou for male . In tudie conducted in rkan a 

(E rn st ct al. , 1994) and Missouri ('v\ hite and Moll, 1992) the diet of G. eo raphica 

· d J \\ I · k Creek inter p cific competi tion consisted mostly of freshwater gastropo s. n 1Iteoa · 

r · S I ,-r, . d G geographica O\'er time, ma ha e ,or aquatic gastropods between . m. pe n1e, an · 

fo rced S. 111. peltifer to adapt to a nocturnal beha,·ior. 

Conclusion 

. . I ;fer exhibits home ranges that vary 
In Whiteoak Creek, Stemotherus m111 0 1 pe r1; , 

. WI . k Creek has a dynamic nature 
\\'idely in size overall and between the sexes. Smee 11teoa 

t d The animals studied were 
b . bTt ·snot unexpec e . 0 th seasonally and annually, this vana 1 1 Y 1 · 
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. active in every month of the annual cycle except for .- h . vet Y a 1our-mont penod from 

December to March when activity decreased markedly. During this four-month period, 

the tracked animals occupied less microhabitats, preferred deeper water, and traveled less 

distances than any other time during the course of the study. The Whiteoak Creek 

population favored submerged limestone bluffs, vegetated rocky outcrops, and woody 

debris. On a daily basis, they were active throughout the 24-hour cycle, but tended to 

show a preference for nocturnal movements. Although both males and females preferred 

the cover of darkness when moving, males were more likely to mo e during da light 

hours than females. The nocturnal behavior could be the result of an evolutionary proce 

to minimize competition for food (gastropods and molluscks), ith G. geo raphica. but 

only future diet assessment will verify this hypothesis. 
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Figure A-1 . Initial capture s ite (red star), subsequent re location points (green squares), and home range (ye llow) 
for female 2-8 at the Gander Branch s ite in Whiteoak Creek, Humphreys County, Tennessee. 
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Figure A-2 . Initia l capture s ite (red star), subsequ ent re location points (green circles), and home range (yellow) for 
male 2- 1 at the Gander Branch si te in Whiteoak C reek, Humphreys County, Tennessee. 
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Figure A-3. Initia l ca pture s ite ( red s tar ), subsequ ent re location po ints (green squares), and home range (yellow) for 
female 6-0 at the G ande r Branc h s ite in Whiteoak C reek, Humphreys C ounty, Tennessee. 
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Figure A-4. Initial capture s ite (red s ta r) , subseque nt re location points (green squares), and home range (yellow) 
for female 11-3 a t the Gander Branch s ite in Whiteoak C reek, Humphreys County, Tennessee. 
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Figure A-5. Initia l capture s ite (red s ta r), subsequ e nt re locatio n points (green c ircl e), and home range (ye llow) for 
male 8-1 a t the Gander Branch s ite in Whiteoak C reek , Humphreys County, Tennessee . 

-, 

-.J 
~ 



-------

0 5 10 20 M e t ers 

,{_,,,,./·· 
,1·· ... , 

,ti . \J 
<: ,I - ---,. ------------ -,. 

. / · 

------~ .... 
_ _,, . 

~ 
N 

w◊r 
s 

Legend 

i7 WA.TER WILLOWS 

LI GRAVEL BARS 

- FALLEN TREES 

-- BLUFF 

-- BANK 

S TREAM FLOW 

F igure A-6 . Initia l capture s ite ( red s ta r), subsequent re locati o n po in ts (green c irc les), and home range (ye llow) for 
m a le 11 - 10 at the Gande r Branch s ite in Whiteoak C reek, Humphreys County, Tennessee. 

) 

--..J 
V, 



N 

W-<>- E 
s ~ 

....... ___ ~-------

0 25 50 100 Meters 

/' / 

/ /i-,>) / 
/ ( ,·, ,I / _J___ . ,- ✓ -' 

,,,--✓ '11 .. - ,,// 
I 

Legend 

/ 

f 
t 

L-==i WATER WILLOWS 

- FALLEN TREES 

L_j GRAVEL BARS 

--- BLUFF 

BANK 

S TREAM FLOW 

Figure A-7. Initial capture s ite (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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for female 9-0 at the Gander Branch si te in Whiteoak Creek, Humphreys County, Tennessee. 
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Figure A- 10 . Initial capture s ite (red s tar) , subsequent relocation points (green c irc les), and home range (yellow) 
for male 8-8 at the Gander Branch s ite in Whiteoak Creek, Humphreys County, Tennessee. 
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Figure A-1 1. Initial capture si te (red star), subsequent relocation points (green squares), and home range (yellow) 
for female 1-1 I at the Gander Branch s ite in Whiteoak Creek, Humphreys County, Tennessee. 
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for female 0-8 at the Rushing Bluff site in Whiteoak Creek, Houston County, Tennessee. 
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