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INTRODUCTION

The Alligator Snapping Turile (Macroclemys temminckii) is distributed from the
Suwannee River drainage in northern Florida to the Brazos River drainage in Texas and
north in the major river drainages to Kansas, Iowa, and Qllinois {Conant and Collins 1991:
Pritchard 198%; Romar et al. 1999). The species is highly aguatic and restricted to siver
systems and their associated bodies of water. With the exception of nesting females,
Alligator Smapping Tustles rarely leave aquatic habitats (Harrel et al. 1996; Sloan and
Faylor 1997, A recent phylogeographic study vsing molecular data demonstrated: that
populations of Macroclemys temminckil are genetically differentiated among river
drainages {Roman et al. 1999}, Roman et a]. {1999) hypothesized that the highly aguatic
behavior and resultant fimited dispersal between drainages caused restricted genetic
interchange between river basins. Molecoiar evidence indicated subdivision of the
populaion into three major lineages (Roman et al. 1999). Tn their analysis, Macroclenys
fermpntinckii from the Suwanee River drainage were a distinct clade, and populations from
drainages in the Florida Panhandle were grouped into a clade from the central part of the
species” distiibution. The geographically widespread western lineage includes
populations from she Mississippi River and from the Trinity and Neches Rivers in Texas
(Romun et al. 1999). A pawcity of additional genetic structuring within this lineage
suggests velatively recent colonization of this area following Pleistocene climatic
ﬂuctuati;:rns._ a pattern COmIMOon among many aguatic taxa in the region {Roman et al.

19999,



The Altigator Snapping Turtle is among the largest freshwater wirtles with records
exceeding 100 kg (Pritchard 1989). Males reach larger sizes than females with a
maxirmum recorded median carapace lengths of 71.1 cm.and 570 cm respectively
(Pritchard 1989} Sexual matvrity is reached at median carapace lengths of
approximately 37 ¢m and 33 cm for males and females respectively (Dobie 1971).
Alligator Snapping Turtles inhabit a wide variety of permanent aguatic habitats including
river chanmels, lakes and reservairs, marshes, bayous, and wooded swarmnps (Sloan and
Taylor 1987; Pritchard 1989; Harret et al. 1996). Alligator Snapping Turtles have a tife
history characteristic of a long-lived, late-maturing species. Reproductive output is
retatively low; sexual maturity is attained in 11-13 years, femates tay a single clutch of
eggs each veay that they reproduce, and cluich size ranges from 16-52 (Dobie 1971:
Pritchard 1989). Frequency of reproduction is very difficult fo study in Alligator
Suapping Tustles. but Pritchard (1989 cited Dobie’s data on examination of reproductive
tracts. and implied females may nest in alternate years. Growth is rapid, but variable, for
irnmatures and slows considerably with the attainment of sexual maturity (Dobie 1971).
Alligator Snapping Turiles are long-fived, with maximum recorded ages of 36 vears in
the field and 58 years in captivity (Conant and Hudsen 1949; Dobie 1971).

Numerous authors have expressed concern about the conservation status of
Alligator Snapping Turtles. Pritchard (1989} summarized the known information on the
status of Alligator Snapping Turtles and coneluded that the species was depleted in most
states, Moss states, including Texas, have given protection to Alligator Snapping Turtles.
However, Lovisiana sill has a commercial jndustry that may impact adjacent states

{(Waener el al. [996).



The purpose of this study was two-fold. The first objective was 1o determiine the
cureent distribution {presence/absence) of Alfigator Snapping Turtles in Texas. This was
accomplished by documenting presence or absence of the species at each survey site
using a standardized protocot of seiting hoop traps. We selected sites in sujtable habitat
in the major drainages from the Red River in the north to the Brazos River in the
southwesl. The second objective was o characterize a population of Alligator Snapping
Tuziles at selected study sites, ard investigate patterns of habitar use, habitat selection,
and general activity and movement patterns of AI.Iigamr Snapping Turtles.

METHODS

Alligator Snapping Turtle Survey
Sampling was conducted using 1.2 m diamster hoop nets consisting of 3-5 hoops and 24
i mesh. Traps were baited with approximasely 0.5 kg of fresh fish (whote or larze
portions). A series of 15 traps were set at each site and operated for 3 days. Traps were
checked daily, all turties removed and recorded, and bait replaced. Traps were sei in
water deeper than | m, and arranged so that a portion was above water 10 allow trapped
anmals 1o breath. Occasionatly, trap days were lost due to theft, destruction by large
alligaors, or rupa;i change in water leveis.

All species of urdes capiured were weighed. mean carapace length measured, and
gender determined prior to release at the point of coprore. In addition, a 2 ml biocod
sample was taken from the caudal vein of all turiles and deposited at the Texas
Cooperaiive Wildlife Ct;)ﬁﬂl:{iﬂﬂ, Texas A&M University. Thase sarnples are available o
| the scientific community for fumre research. Alligator Snapping Turtles were

permanently marked using stainless steel pan-head screws placed in the rear marginals of



4

the carapace. Each marginal cotresponded to a specific number, and by marking different
coembinations of marginat scutes, each-trile was assigned a unigue identification number.

Historical localities of Alligator Snapping Turiles were obtained from natural
history collections and from the literature to determine the extent of the historical range
in the state. We atse produced a brochure/questionnaire that was distributed to
individuals thought 10 have a reasonable probability of enconntering Alligator Snapping
Turtles {e.g.. Texas Parks and Wildlife Departraent employees, U. S, Forest Service
employees, wildlife professionais). Resuifing reporis of Alligator Snapping Turties were
collated to provide additionat information om thf: distribution of the species in Texas.

Habitat data were collected at each trap location. Water depth at trap location,
maximum channel depth, width of aquatic habitat, and distance to shore were measured
{m) tor each trap site. Forbidity (Seichi disk), and temperatures at the surface and botiom
of the water column were recorded. Substrate type fmud, sand, gravel, rock, detritus};
strectuie type {submerged vegetation, floaing vegetation, logs. roots, overhanging
branches, bank undercui, none): and structure amount (none, sparse common, abundant)
were abso recorded. Distance 0 newest canopy wee {m), species of nearest tree. and
canopy closure (%), were also determined. Within a 5 m radius plot coverage of
submerged vegetation {%). floating vegetation (%), and the number of wondy stems were
recorded. The number of trotiines {active and abandonaa} thal were preseni, within the
length of the channel subject to trapping, were also recorded.

TELEMETRY, POPULATION, AND HABITAT STUDIES
We selected two sites for population, movement. and habitat studies: Bingham

Lake in Tyler Co.. and Bonaido Creek in the Stephen F. Austin Experimental Forest. At



Bingham Lake we concentrated on characterizing the population and quantifying habitat
use based on microhabitat variables and temperatare. At the Bonaldo Creek site, we
monitored telemetered individuals in the creek to gather data on the general movement
and activity patterns of Alligator Snapping Turtles in a small stream syster.

Telemetry Study at Bonalde Creek, Stephen F. Austin Experimental Forest

Alligator Snapping Turiles were trapped in Bonaldo Creek &i the Stephen F.
Austin Experimental Forest in Nacogdaches County, Texas. Bonaldo Creek, at the study
site, 1 an intermitient i smail permanent stream that meanders across the fioodplain of
the Angelina River. The vegetation of the floodplain consisis of mature bottomland
hardwood forest dominated by Quercus spp. Carva spp.. Nvssa syfvatica, Betula nigra,
and Liguidambar stvracifiua.

Five turtles were fitted wiih radio-transmitiers and relocated as time allowed.
Relocation f:u:rints were recorded using GPS. At each relocation poins, habitat data were
recorded with the same protocol used in the geographic distribution stady. Similar
habitat data were also collected at random points within the collective home ranges of the
five telemetered turiles.

This portion of the study is siill in progress, and will continne unti) the corrent
transmitters batteiy life 1s expended.

Telemetrv, populaiion, and Hubital studies @ Bingham Lake

Bingham Luke is an oxbow lake of the Neches River, Tvler Co., Texas, isolated
from the river by an earthen dam. The lake is 3.4 Xin long and ranges in width from 10 to
76 m with sharply sloped banks, a mean depth of 2.4 m, and a maximum depth of 5.4 m.

Water level of the lake fluctuated <1.5 m during the study. The lake was acidic, stained,



and turbid because of large amounts of leaves and vegetation accumulated on the lake
bottom. Herbaceous vegetation was sparse and consisted of duckweed (Lemna sp.,
mosquite fern (Azolla caroliniund), watevmiifoil (Myriophyllum spicatum) a.nd
occasional mats of water tily (Nuphar sp.). Woody vegetation included bald eypress
{Tavodium distichun), water wpelo (Myssa aguatica), tiver birch (Betula nigra), and wax

mvrile (Myrica cerifera).



Trapping and Marking

Macroclemys temminckii weve captured and marked with the same methods used
in geographic distribution surveys. At Bingham Lake, captured mrtles were sexed,
weighed, and five morphological characters measured: straighi-line carapace length,
maximum carapace lengih, carapace width, maxirum depth of shell, and skull width.
Poputation Estimates

Recapture data were used to estimate population size using the joint
hypergeometric maximun: likelihood estimator (JHE} and the NOREMARK {White
19963 computer program. This method of population estimation assumed alt marked
amimals were present for gach survey and the population was geographically and
demographically ciosed. These assmmplions were valid because Bingham Lake was
isolated from other water bodies. We never observed M. femminckii on Jand, and | |
telemetered animals did not leave the site over o 2 year period. Other studies also
showed Macroclemys femminckii essentially never move overland (Sloanr and Taylar
1987, Harrell e al. 1996).

Habitat Seiection

Eleven wrtles were fitted with external radio transmitters {16M, Advanced
Telemetry Systems, Lsanti, MN, weisht = 29 o). Telemetered turtles were relocated using
a mutti-Channed radio receiver (TR2. Telonics. Mesa, AZ) and a two-glement yagi
antenna. We verifted accuracy of locations al the beginning of the study by probing with
apole u.mil we hit the wutle and it moved. Turdes were usually within 1 m of

radimelemerered Iocarions. Telemetered turtles were relocated six times per maonth.



We tested the nult hypothesis that tartles did not select microhabitats sites by
comparing microhabitat variables measured at occupied sites ({35} to the same suite of
variables measured at paired, random sites {RS) available 1o them. For each measused
occupied site (0S) we chose paired random sites (RSY. This method randomly chooses
sites Lhat were available (0 the individuai tartle at the same time, but that were not
occupred. Random sites were chosen using two random numbers generated from the
uniform distribution. The first random number dictated linear stream distance {m) from
15, whilz the second dictated the percentage of distance across the oxbow. The distance
from OS to RS was constrained to between 4 and 100 m. Distances < 4 m were
elimminated because in some cases, such as when tursles were beneath large submerged
logs, short distances to RS may not have represented distinct micro.hahitat sites.
Distances > 100 m were eliminated becanse distant sites may not have been available o
the individual tartle at the time it selected its current position. Whether distance was
meastired upstream or downstream was determined by the toss of a coin.

ALOS and RS. we simultaneously measured these variables: water temperature
{TEMP) 5 cm above the bouwm using a Type T thermocouple thermometer (TH-65,
WesCor, Logan, UT) (0.1 °C), water depth (DPTH). distance frowm shore (DES), distance
i nearest standng tree (DFTY(0.01 m), submerged log size (LOGS), and tog complexiry
{LOGC). LOGS and LOGC were measured by probing with a 3 m pole. Becanse we
could not physically measure submerged logs, we classified LOGS and LOGC from O - 5.
For LOGS. 0 corresponded to no logs ut the site and 5 indicated the presence of large
submerged Jogs. Likewise, a LOGC of () indicated 0 logs at the site, and 5 indicated

presence of many different logs.



The paired approach inherent in the OS/RS methed increased our power to detect
chiferences between selected and available habitais over methods that compare unpaired
means of habitat use and availability. Adequate sample size insured that the universe of
potentialiy occupied microhabitats was included in the randomly chosen paired sites. [n
Resulis we repori the distributions of OS and RS for each turtle subject and the pooled
data. Each pair of OS/RS was independent among individuals. Alternative methods 10 test
for temperature selection would have required measuring the temperature-of the entire
lake independently each time we examined an occupied microhabitat site. Use of the
OS/RS method eliminated these pitfalls.

Thermorgeutatory Potterns at 8inghan Lake

Four subjects weve fitted with an externally mounted temperature data logger
(Stoway® Tidbit", Onset Computer Corporation, Pocasset, MA) and a temperature data
logger surgically implanted inside the body cavity 2 cm posterior to the plasiron and
antenor to the right hind limb. Al pruceﬁums were carried out in accordance with an
approved animal care protoco}. The data loggers (weight = 14 g) _recmﬂed T,and Ty
every 24 minutes for 132 days (+/- 0.2 °C). Turtles were released at the point of capture
and then recaptured o retrieve recorded data. Two individuals were monitored from 2
August 1997 untit 12 December 1997, 1 from 18 October 1997 unti} 27 February 1998,
and for | individual from 12 fune 1998 until 3 Cctober 1998,

Habitat Seiection Analvses st Binohain Lake

We used o paired tiest to test for differences in temperature between OS and RS,
Unbalanced numbers of repeated measures among the telemetered individuals presented

problems for paired analyses. We minimized Jack of independence in the habitat
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selection data set by analyzing means for each individual’s OS/RS temperatures. This

approach was statistically valid (Hurlbert 1984), but reduced our sample size from 138
observanions of habitat use to |1 (the number of te]emetere.d turtles for the habitat
selection study). Moreover, averaging the data may mask some important variation. We
used resampling stanistics to evalvate the robusiness of the habitat selection test {Hood
1999). The randomization routine reshuftled the OS and RS temperature daia for each
individual and recalculated the paired t-test. We obtained the frequency-distribution of
simufated 1-values with a Monte Carlo analysis {3000 replicates}, and. calculated the
probability that the cnitical t-vaiue, {tos 10 = 2.228). was exceeded in the randomized
tests. Low probability (<0.05) of obtaining significant results in the randomized replicates
would indicate the real test result was not spurious.

To determine the relationship between T, and Ty of turties in the ficld, we
caleulated linear regressions for each of the four turtles that were monitored with
dataloggers. using T, as the independent variable and Ty, as the dependent variable, and
cormpared (e variances of T, and T), for each wirile with paired t-tests. We applied a
square-ront ransformation (o vanances 10 correct skewness in the dataset. Once
transformed, the vaiues were unimedal and approximately normally distributed. To
examine the extent and frequency that Ty, differed from T, we subiracied Ty from Ty for
the 4 paired time series, pooled. We calcoiated the fréquenc}' distribution of T,-T,
differentials and tested for skewness and Kurtosis to reveal patterns of differences
between T, and Tr,. We examined daily i}'dtterns of Ty by computing and plotting pooled

meuns for each of the 60, 24 minute, time periods each day.



We also calculated autocorrelation coefficients in the time series Of Ty-Ta
differentials 0 exanmune the extent 1o which differences between Ty, and T, were
interdependent through time. If a subject remained at equilibrium with T, for example,
differences bevween Ty and T, would be close to zero through time and atocorrelation
would be high. Autocorrelation values near zero would indicate the converse. A subject
whose Ty, was got in equilibriam with T, should exhibit pecods when differences
between Ty, and T, were indepgnﬁcm through time. This contd occur in asubject moving
through water of different temperatures, especiatly if long lag times were requised for Ty |
¥ Ei:iuilibrate with T,.

Operative temperature {T,, the integration of biophysical factors influencing Ty) is
the equilibrium 1emperature of an animal where it is currently positioned in the
enviromment. Operative temperature can differ from other measures of environmental
tiemperature, for example air temperature. becanse factors other than ambient
temperature, {e.g., direct and indirect radiation’, can influence the equilibriam Ty, The
measurement of T, presents problems for large ectotherms, particularly in the air, because
of fong time lags required for Ty to reach equilibrium. Measurement of equilibrinm Ty,
and T, of large animals in nature can be difficult in fluctuating environments becayse
Hey may rarely reach equilibrium. and T, is continually changing through time as
environmental conditions change.

Probiems measuring T, are avoided for amrmals like M. remminckii thar are
entirely aquatic. remain in relutively deep (> | m), dark water, and never bask {Sloan and
Faylor 1987, Ernst eF al. 1994, Havrel o1 od. 1996). Facmrs other than temperature have

tow probubility of affecting T. because the high heat capacity of water results in very
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rapid integration of all influences on water temperature. The water at our study site was
stained and mrbid, minimizing probability of solar and reflected radiation to directiy
influence Ty There were no measurable currents in the lake, cold or hot SPrings, or any
detectable temperature gradients at scales relevant to measurement of T, for M.
tenuminckii (e.g., vertical stratification {].S_m off the bottom} that could create variability
in water temperature ai different points on the surface of even a large M. temminckii.
Theretore we assurned the single temperature measured by the dataloggerpositioned on
the carapuce of the witle adequately represented the temperature of the water surrounding
the turtle. These characteristics of the study system coupled with fast raies of heat loss in
water allowed s 10 agsume T.=T., and that twrites equilibrated to ambient water
temperatres when stationary for several hours.,

Differences between heating and cooling rates of torties in the field were
caicnlated, and heating and cooling time constants {7} were calculated for each 24 minute
intervai for each wrtle from the field. Tau {the time constant) is a mathematicatly derived
constant equal 1o the ime necessary for an organism’s Ty, o increase or decrease 63% of
the difference between T, and Ty, it i~ expressed in minutes and is independent of the
magminde of differehce between T, und Ty, Tau was calculated by regressing time on
futiral logs of diffevences berween Ty and final temperature {In(T,, — Tp}. The slope of
the yegression is —1/1 {Bakken 1978, Neill and Stevens 1974, Turner 1987). We assumed
study animals were not absorbing solar radiation and metabolic heat production was the
mean difference between Ty, and T, for each turtle over the 132 day sampling period. The
values of T for each 24-minute period were sorted according to whether the turtle was

beating or cochng. We tested the nuil hypothesis that mean heating and cooling rates (1)
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were equal using a paired t-test on differences between heating and cooling time
constanis from the field daia,

To ascertain effects of size on cooling lime constants, We subjected five M.
temminckii to cooling trials in the faboratory. Subjects ranged in size from 0.7 kg o
26.25 kg. Turtles were maintained in the laboratory in metai tanks (115 em X 60 cr)
filled with water at 23 - 25°C for af least 2 weeks and fed fresh fish twice weekly. No
food was offered for 2 days prior to each trial. Type T thermocouples were passed
ihrough a 16 Ga. hypodermic needle and inserted into the body cavity at the same
location where miniatore data loggers were implanted in subjects in the field. The
thermocouple was held in place with a suiure and attached w a CR 10 data logger
tCampbell Seientific. Logan, UT) programimed to measure and store temperature
veadings every |35 seconds. Waer 1 the lunks was stirred with a sma# submersible pump
to prevent thermal siratification. Ambient temperartre was adjusted a5 needed by adding
hot water or ice. We confirmed T, varied <1.0 °C by logging tank temperature at several
places and inspecting temperatures after the trial. Trials consisted of placing the subject at
FOO [emperature nto a tank at 32 °C, Once Ty, reached 31.5 °C, We transferred the
subject to a tank at 12 °C and logged Ty, until it reached 18.5 °C. We then calculated
cooding time constants from the resulting cooling curves.

RESULTS
Alligator Snapping Turtie Survey

A total of 1009 map days were accomplished at 23 sites. Alligator Snapping

Turtles were found at 17 of these sites Site locations., trap days. and number of Atligator

Snapping Turtles caught are presented in Table |, sites are ploned on Map |. These sites
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sampled each of the major drainage sysiems from the Red River in the Norh 1o the
Brazos River in the southwest. This area included the known historical range of the
Alligator Snapping Turtle in Texas (Dixon 2000).

Our protocol had a very high likelihsod of detecting Allizator Snappiag Tuartles
when present. Traps were set for 3 consecutive nights at all sites, nnless Alligator
Snapping Turiles were detected sarly and the trip was conciuded. The first Atligator
Snapping Turtle was captured daring the first trap night at 13 of the 17 sites (I?ﬁ_i% of
tases), and during the first 2 nights at 15 of 17 sites (88.2% of cases). The first Alligator
Snapping Turtle was cavght on the third night only twice.

A toral of 48 Alligator Snapping Turtles and an additional 47} individuals of 9
additional turtle species were captured (Table 2). Alligator snapping tartles were not
caught at 6 sites: two from the Red - Sulphur River system in the northern portion of the
study area, 2 sites on the Brazos — Navasota River system, Brazos Co. in the
southwestern portion of the siudy area, at Ratcliff Lake in Houston Co. in the Neches
River drainage, and Ayish Bayou in San Augastine Co.

Alligator Snapping Turtles were found at sités in ail major drainages between the
Sulphur River and the Navasola River. Twenty two additional records were obtained as a
result ef iesponses o the brochure/quesiionaaire and incidental records (Table 3).

These records (Cellins et al. 2000, In Prep.) resulted in § new county records
{Angeling, lasper, Leon, Nacogdoches. San Jacinio. Collin, Sabine, and San Augustine)
not previously recorded in a recent compilation of amphibian and repiile records for
Texas (Dixon 20000, The coanty record from Collin County is an interesting locaiity

because it is the most western record documented in Texas. We trapped a 46.4 kg
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Alligator Snapping Turtle at a survey site in Collin Co., This locality lies in & northern
reach of the Trinity River between iake Ray Hobbard and Lake Lavon. Apparently,
Alligator Snapping Turtles are persisting there at some level, despite exiensive
development in the region,

Map 2 detils known county records for Texas from the literature and this stody.
Appendix | details the captare information and length and mass data for the Alligator
Snapping Turtles trapped during the survey. Adult males had a maximum mid-line
carapace length of 58.3 cm and a mass of 46.5 kg, Aduit femates had a maximum mid-
line carapace length of 41.2 ¢m and a maximum mass of 16.8 kg. Adult males were
generally larger (mean carapace length — 46.6 cm, mean mass — 23.3 kg} than adnit
females (mean carapace length - 41.2 cm, mean mass — 16.8 kg) {Table 4).

Habitat characteristics and habitat selection

Habitat measurements were compared between sites where Adligator Snapping
Turtles were captured and sites where they were not captured {Table 5. Alligator
Snapping Turtles were captured af siles thai were characterized by sigraficantly ereater
water depth at location of trap, greater waier depth at deepest periion of channel, and
greater percent covey of submerged vegetation than at trap sites where Alligator Snapping
Tustles were not captured.  All remaining habitat comparisons did not differ significantly
between sites where turtles were and were not captured. The categorical habitat (type of
structure. amount of structure. substrate type, bank profile, and species of nearest CanopyY
tree ) evaluations are presented in Figs. 1-5. Trap sites where Alligator Snapping Turtles
were captured were more frequenthy charcterized as havine abundant stracture compared

lo trap sites where Alligator Snapping Turiles were not capiured (Figl). The reverse was
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found for sites having less abundant structure. No easily interpretable pattern was
evideni for structure iype, bank profile, or substrate type (Figs. 2-4). This was most
likely due 10 the baited traps drawing turtles into a variety of habitats. Nearest canopy
tree included most of the commeon trees present, with a tendency for those Species more
tolerant of flooding to be better represented (Fig. 5).
Corretation between turtles trapped and evidence of trotline fishing

Trap sites, excluding those in the Red, Sulphur, Brazos, and Navasota drajnages
where no Alligator Snapping Turtles were captured, were also divided into two categories
depending on ihe presence or absence of rotlines. No distinction was made between
active and abandoned trotlines. Sites with trotlines present had fewer Alligator Snapping
Tortte capturesftrap day {15 turtles/347 wrap days) compared to sites with trotlines absent
(32 turtles/352 trap days). This difference was significant (Chi Square = 5.9, P= (.015).
Meun median carapace lengths of adult Alligator Snapping Turtles at sites withont
trotlines (males 47.4 cm, i = 13; females 42.1 em, n = 12y were greater than at sites with
trotlines present (males 42.2 cm, n = 5; females 39.9 cm, n = %). However, these
dhfferences were not significant for males (¢ = 1.262. P = 0.117} or females {f =1.525 P
= 4.072). Mean mass was also greater for both males and females where trotlines were
absent imales 27.3 kg n= |3 females 183 kg, n= IZ}Cﬂmparé.d to sites where trotlines
were present inales 18,4 kg, n = 3; iemales 14.8 kg n - 9. These differences were
signifrcant for both males {7 = 1,345, P = 0.049) and females (¢ = 2. {77 P = CLd .
The Turile Population at Bingham Lake |

Here, we report on captures of Alligator Snapping Turtles in Bingham Lake since

May 1996. We caught 35 individual M. remminckii on 66 different occasions. The
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capture per ant effort was 9.143 individuals per trap night. A trap night consisted of one
trap set for one night. Individuals ranged in mass from 0.7 kgto 36.7 kg and 55.G cm to
14.5 cm madline carapace length. The lorgest specimen was a male (55.0 cm midline
carapace length, 36.7 kg), and the largesi female measured 46.9 e midline carapace
length and 25.5 kg (Table 6). However, neither mean midline carapace length (T =
0:326, df = 25, p = 0.37) nor mean mass (T = 0.417, df = 25, p = 0.34) of males was
significantly different fromn the mean length or mass of fernates. We trapped relatively
few smail individuals; most were greater than 26 cm {(Figuze 6). Only 11% were <26 cm
SUaight—iine carapace length and none <19 cmn straight-line carapace length. Using
markfrecaptire data and NOREMARK software, we estimated sthe population was 43
mdividuals with 95% confidence jimits of 38 - 36 individuals.
Movements and activity of Alligator Snapping Turtles in Bingham Lake

It was clear from both trapping and from telemetry data that all of the radiotagged
ndividuals moved exiensively thronghout the lake. Radio tagged turtles moved daily
duving the warm seasons when we were in the field monitoring them. The branches of
the ¥-shaped Bingham Lake were most used by the telemetered wrtles but they all used
the rest of the Take as well, Additionally the rurtles moved around the lake bottom both
during the day and at night.
Habitat Seiection

Macroclemys temminckit selected miciohabitats based on structure. Means for
individual tuytles and pooled data are shown in Table 7. There were significant
differcnces batween G5 and RS for LOGS (p -c:{!.Dﬂfl.and LOGC {p «<0.05}, indicating

furties selected sites with lavger togs and ereater log complexity {Table 7). Tustles also
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selected sites that were closer (o shore than random sites; DFS and DFT both differed
sigmificantly {p <0.05) between OS and RS (Table 7). Supnisingly, DPTH was not

|
difterent between OS and RS, despite the apparent preference for shereline mierchabitats.
Suprisingly, DPTH was not different between OS and RS, despite the apparent prﬂféi‘enca
for shareline. microhabiiats.

Macrociemys temminckii occupied microhabitat sites that were warmer on
average than randomiy chosen non-sites. Mean microhabitat temperamres 2t 158 sites
where turtles were found {mean = 19,25 °C) were significantly warmer than at paired RS
locations ¢ 18.11 °CJ. and this difference was statistically significant (t=2.91,df = 10, p =
(L0135} {Table 8). We used a randomization test to evaluaie the robustness of this result
{Hood t999}. The test randomized observed OS/RS data and recalculated the patred: i-test
{3000 replicaies). The critical t-value, (ty 45 0 = 2.228), was never exceeded in the
rande.mized test, yielding a very low probability (P < (.0001) the real test result was
spurtous. We also calenlated a paired t-test on the pseudoreplicated data (all 158
observations pooled) and this resnlt was also sigaificant (t = 3.69, d4f = 10, p< 0.0004).

Additionally, there was important variation in temperatures between OS and RS
{Table ). The mean of variances at RS {mean RS variance = 2] 95%) was significantly
areaier than lemperatire vanance at OS ¢mean QS variance = 13.41% (paired t-test, § = -
2.HL df = 10, p = 0.002), indicating nagrower range of temperature regimes at occapied

microhabitat sites.

Seasonal and Daity Patterns of T), and T,
Data loggers recorded T, and Ty, simultanesusly from four wriles in the field,

providing replicated measures of T,-T, differentials over long time series. The highest T,
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expenienced by any turtie was 32.62 °C while the lowest was 8.97 °C. Monthiy mean Ty,
tor the months sampled was highest in July (mean = 27.76 °CY and lowest in December
(12,21 °C).

Body temperature was less extreme and more constant than T, in all subjects.
Mean monthly T, closely matched mean monthiy Ty, but T, was more variable {Table 93,
Daly patieras of T, and Ty, also showed sirong correspondence, with greater fluctuations
in daily T, (Fig. 7). Maximuarn T; was hicher than maximum Ty and minimum T, was
lower than minimum Ty, in every month { Table 9). Differences between minimum and
maximum T; and Ty, were highest in summer months (July: Ty, min — T, min = 3.3 °C, T,
max — Ty, max = 6.9 °C; August: Ty, min —T, min = 5.7 °C, T, max — T, max = 5.45 ")
and gradually decreased with onset of winter, with smatlest differences between
mimmum and maximum T, and Ty, occuwrring in Janvary (January: Ty, min — T, min = 0.38
. Ty max = Ty max = 0.27 °C).

There was a sine wave pattern of autocorrelation in sequential values of Ty,-T,
differentials in all subjects, Awtocorrelation decreased rapidiy towards 0.00 over lags 1-5
{1 lag = 24 min temperature sampling). then inereased and decreased with a wavelength
of 60 time fags {one day) (Fig. 8). This diel cyele of differences between Tw and T, could
only be caused by a daily pattern of movements throngh different Tys, for example deep
or shallow water. Troughs in the amtocorrelograms, when T,-T, differences were poorly
correlated, corresponded to periods when turtles were moving, .e., present Ty-T,
differences were independent of previous differences, or negatively correlated.
Conversely, peaks corresponded to pertods of relative inactivity. when Ty, was more or

less in equilibrium with T, and T,-T, differences were maore correlated through time. The
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pattern could not be caused by daily heating and cooling of microhabiiat sites within the
lake itself, because the lake changed temperature rmuch more slowly than Ty, for the
largest Macroclemys temminckii. Stattonary turtles’ Ty, would track the lake temperature
and differences between Ty and T, would remain close to zero and positively corselated
through time. The amount of noise evident in the aitocorrelograms {Fig. 8) was due to
variation in T, during the sampling periods. Tustle #21, for example, was monitored
mostly 1o winter when T, was relatively uniform throughout the lake. Antocorrelation in
Ty-T, ditierentials was either positive or zero for this subject, indicating that during
winler there was probably less opporiunity for large T,—T, differentials that would result
in negative autocorrelation. Conversely. other subjects were monitored during warin
months when T, was more heterogeneous. Consequently autocorrelograms were noisier
and targey Ty-T, differentials produced periods of negative awtocorrelation.

While there was a diel cycle of difference between Ty, and T, there was no daily
paitern of Ty, Monthly mean temperatares of the 60, 24 minute, periods of each day
differed in most cases by less than 1 ° C and never more than 2 °C {Fig. 9. Hente,
turtles’ Ty, was relatively stable throughont the day, even though they were moving
through waters of differént temperatures.

Thermoresulanory Pasterns

Macroclemvy senoninckii were largely thermoconformers with Ty, closely
nutching T, {Fig. 104 Slopes of the regression lines formed by Ty, and T, for three turtles
were very close to | (Slopes = 0.577.0.992, 0.992) with R* values ranging beiween 0.955
wnd 1.985. One subject (#30) diffeved from the rest in thai its slepe (0.837) and

associated R (0.701) were slightly lower. There was more opportuaity for variation
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between Ty, and T, for this individual because it was monitored only in summer and early
fall when T, was more variable.

Differences between Ty and T, for all turtles pooled were approximately normaliy
distributed but clustered around the mean (kurtosis = 14.66) and shghily skewed to the
left {skewness = -0.136) (Fig.5). Mean Ty-T, differentials equaled 0.32 °C. Minimum and
maximum values were -9.33 ° Cand 7.62 * C, respectively, and 910 % of values feil
between -0.84 ° C and 1.24 ® C indicating Ty, was within 1.5 °C of T, most of the fime.

Body remperature increased rapidly when the subject was in a relatively warm
environiment and decreased slowly when the subject moved to a cooler site (Fig. 7). Taus
were also smaller when the M. temminckii were heating than when thev were cacling
{Table10), and despite small sample size, the difference was significant (paired t, t =
3.8, df = 3, p<0.02). Additionally, variances in T, were significantly smalter than
variances in Ty {pawred t, t = -6.82, df = 4, p=0.018) {Table 3).

Cooling Rmes and Body Size

€ooling trials in the lab clearly showed larser M. temminckii cooled more slowiy than
smalier individuals (Table 113, The largesi subject (26.25 kg toak 326 min to cool from
32°Cw 18°C .whereas the smallest individual (0.7 kg) cooled from 32 °C to 18°C in
27.75 min. Log T and log mass scaled linearly [log T = 0.803 tog mass -1.52 (F* = 0.947)]
(Fig. 10},
Telemetry Study at Stephen F. Austin Experimental Forest

Five adult Alligator Snapping Tustles (4 females, 1 male) captured on the SFA

Experimental Farest were instrumented with transmitters. The five tartles were tracked

for 12 1o 22 months between September 1999 and July 2001. One tustle has been
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relocated and is stil} being monitored. The five urtles rerained in 2 limited section of
Bonaldo Creek, bul made frequent movements within the segment {Maps 3-T). The
length of stream segment used by the five turtles averaged 2.11 km {range 1.40 w0 2.75).
Tustles used beth the permanent portion of the stream and the intermittent portion
upstream. Upstream movement was presumably terminated by the box culvert passing
under State Highway 7. Four individuals spent time in isclated pools during periods of
low flow. - -

Habitat variables measured st tuitle relocation points were compared with those
of random points {Table 12). Turtle relocation points were characterized by significantly
greater water depth, maximbom water depth within 3 m, siream width and distance 1o
shore (Table 12). All of these measores indicate that Alligator Snapping Turles were
using the Larger pools of the siream available. Alligator Snapping Turtle locations were
alse characterized by larger diameter of nearest log (Table 12). Significant relationships
were not found for the other quantified habitat variables reported in Table 12

Figures §2-15 illustrate the patterns of categorical habitat variabies (amouns of
struciure. fype of structure, substrate type and nearest canopy tree). Alligator Snapping
Turtles were associoted with sites having more stracture (Fig. 12). This was primarily
due 10 a sivong association of Allicator Snapping Turtles with submerged togs (Fig. 13).
The relationship with subsirate type was aiso clear. AIiigater snapping Turtles were
found preferennialiy in siies with leat and demitus subsirates {Fig..14). This was
preswmably due to the frequent use of dee:per pools where such organic I’rlﬂte.rialti tended
1o accumulate. No clear patterns are evident in relation 1o the nearest canopy tree (Fig.

E3).



DISCUSSION

Diswibution of Maeroclemys tenuminekii in Texas

Trapping surveys revealed that Alligator Snapping Turtles are still widely
distributed within their historie range in Tr;,xas, and our surveys provided 8 new county
records for Macroclenys temminckii in Texas. We did not find Alligator Snapping
Tunles at our trapping sites in the Red/Sulphur drainage. but historical records are known
from this drainage and we know ot anecdotal reports of Alligator Snapping Turtles from
the area. A professional ecologist and her students observed a dead Alligator Snapping
Tustle left on log in the Sulpher River in 1999 (Dr. F. Gelwick, Texas A&M, PEFS.
comm.). We did not decument Alligator Snapping Turtles in the Brazos or Navasota
Rivers despite & nights of trapping, ¥ is therefore doubtful that Aflizator Saapping
Turtles occur west of the Trinity River drainage, and our Surveys appeay to delimnit the
western range of the species in Texas,

Several historica} Jocalities for Alligator Snapping Turtles in Texas merit
commentary. in the Catalogue of American Amphibizns and Reptiles species account for
Maeroctemys temnrinekii. Lovich (1993) incinded historical localities in the San Antonio
River and Colorado River drainages. These records are extremely doubtful. In his
monograph, Pritchard (1989) discounted these records and quoted J. Dobie's letter 1o
him, “[ do not remember where 1 found the Macroclemys records for the San Antonio and
Colorado Rivers. I feel sure they do not occur in either.” Pritchard goes on to report the
Colorado River record was probably based on Agassiz (1857) who quoted a resident of
Austin who claimed Macroclemys wis not rare ar-:)ulnd Austin, but not as large as

specimens from Mississippi.



We oblained an unmistakeable photograph taken oy Dr. Delbert Gatlin, Texas
A&M University, of an adult Macroclemys temminckii found at the Aquatic Research and
Teaching Fucility on the floadplain of the Brazos River near the crossing of Hwy. 60 in
Brazos County. This record is unusual because it is outside the known range of the
species, and would represent a significant westward extension of the range into the
Brazes River drainage. Interestingly, however, fossils of Macroclemys sp. are Known
from deposiis of the Brazos River frﬂrﬁ Late Pleistocene to Recent (Lovich 1993). The
specimen was found on land away from the river by siaff working at the aquacuiiure
center, that is adjacent to Highway 60. The circumstances of the observation leave
serious doubt whether the individual was narrally ocenring, or could have been a
released captive. Extensive conversations with herpetologists familiar with the range and
habitae requirements of Macroclemys teraminekii lead us (o dowubt this record, Therefore,
we d-;:r not consider the photograph of the individual from the Brazos River a verifiable
naturally eccunng locality for Macroclemvs temminekii. Additionally, we trapped for 3
mghts in the Brazos River in suitable habitat near this location, and for 3 nights in the
Navasota River, and did not detect AHigator Snupping Turtles,

Summarizing, we found Alligator Snapping Tustles thronghout their known
historical range in Texas, inclading several new localities, We found no evidence of
range contraciion, and documented the species in § counties where it was not fonnd
previously. Our study helped define the geographic distribution of the épecies n Texas as
the seale of major reaches of the viver diinages. bul of course we did not document the
fine-scaled distitbution of the species in all of the potential habitat sites within its Tange.

Movemenis and activity



Alligator Snapping Turtles move extensively. Previous telemetry studies have
documented movements of up to 6.8 km and home ranges of over 200 ha (Sloan and
Taylor 1987). The turtdes in Bigham Lake used the entire area of the 3.4 ke long oxbow
lake. The situation in Bonaldo Creek was substantiatly different. Although the lineay
extent of home ranges averaged 2.1 km in length, the actual home range ared was limited
10 less than 5 ha due to the limited width of the creek channet. Despite this lismtation, a
minim.um of 5 adult Alligator Snapping Turtles occupied an approximately 4 ki segment
of stieamn with substantial overlap in home ranges.

The Habitat of Macroclemys temminckii

Habitat complexity

The results from the distribution surveys, habitat selection studies at Bingham
Lake. observations of telemetered turtles at Bonatdo Creek, and published literature all
converge on the conclusion that Alligaior Snapping Turtles nse complex undeywater
microhabitat sites such as submerged logs, undercut banks, or other features that create
cover, In our study. Macroclemyy renuminckii clearly selected microhabitats containing
both lavge logs and complex arrangements of logs. Because they selected sites with logs,
we suspect they were also predisposed to select sites closer to the shore and closer to
rees. Logs were usualiy found closer 1o the bank and the nearest tree was always along
the shore. By selecting sites containing logs, M. tfepmuinckii also selected sites closer to
the shmel and standing trees.

Although we demonstrated M. temminckii preferred complex microhabiiats, this

study did not elucidate mechamsms driving selection of sites containing logs. Possible
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explanations include selection for cover to avoid predation, or preference for cover to md
foraging in this ambush predutor. Werner and Hatl {19883 presented evidence that
bluegdis ¢ Leponiy macrochiras) used dense cover to avoid predators, bui adult M.
temminckii have no known predators (Pritchard 1989). A better explanation mi ght be
logs were used to avoid conspecifics. Agonistic behaviors were documented for both
male/male and male/female encounters (Etnst ef al. 1994), and it is possible turiles seek
refuge to avoid intraspecific interactions. T

Harsel et al. (1996) suggested M. temminckii's preference for dense cover may be
a foraging strategy advantageous for an ambush predator. Complex or dense cover could
serve as camouflage, or complex habitat patches may contain high densities of prey. We
did not measure prey density during this stndy, but it is reasonable that sites containing
logs could be areas of concentrations of centrarchid fishes living in the habitats,
Adlrgator Snapping Turties are sit-and-wait predators and possess a lingual appendage
(Spindel ef af. 1987) used to lure fish into the mouth {Allen and Neil! 1950). Bowever.
use of the lingual lure is a trait ascribed primarily to juveniles (Pritchard 1989 and mosi
M. teruminckil observed in this study were adulis. Macrociemys temminckii are known o
prey on smaller turtles (Ernst ef ¢f.1994) and sites with logs often served as basking areas
for other turtle species in the area. None of these behavioral mechanisros are mutually
exclusive, and we suggest M. temminckii probably was selecting complex microhabitat
sttes for resting, foraging, and refuge.

FTemperature selection

Mcm'uc-aflcrm_vs remminekii Trs generally conformed to environmental temperatures

in the figld. Turtles that were warmer or coaler than their surrpundings eventuealiy
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equilibrated to ambient temperature presumably becanse of high rates of heat exchange in
the aquatic medinm. Although Ty rarely differed from T, by more than 1.5 °C, there were
periods when differences between Ty, and T, were great, leaving the potential for some
control of Ty, through behavioral and physiological mechanisms.

Shine and Madsen (1996) suggzested thermoregulatory behaviors may be
unimportant to large reprites. They found water pythons (Liasis fuscus) maintained stable
Ty, without overt thermoregulatoTy behavior and found no evidence of teniperature-hased
microhabitat selection. They attributed luck of thermoregalation in this Species o
abundance of suitable T,s and thermal inertia. For M. renuminckii, not all microhabitais
were thermally equivalent. We showed M. temminckil did select relatively warmer
microhabitat sites based on their availability in the environment and occupied sites that
were less variable in temperature than random non-sites, Hence, the turttes selecied a
surprisingly narrow range of microhabitats that were relatively warm. Larpe saltwater
crocodiles (Crocodylus porosus) controlled Ty, via basking and shuottling between warm
and cool microhabiiats {Sechacher ef al. 199%), Unlike crocodilians, however, M.
temminekii do ot bask and we suggest lemperature selection was probably the only
mechanism whfareb}-' M. temminckii could exert conirol of Ty, for long periods when T,
would eventually reach equilibrivm with T,. Selection of microhabitats based on
lemperutlum was appaient foyr M. temminckii, and we suggest it was important o their
thermoregulation,

Daily average Ty during each month was surprisingly stable (Figure 3) and T;, was
ughily correlated with T, (Figure 4). These results occurred becanse M. renpminckii

remaining in one spot equilibrated to T,. However, the distribution of Ty T, differentiats
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showed Ty, was different from T, in mamy cases. Autocorrelation analysis revealed a die)
pattern in the temporal correlation of these differences. We interpreted periodicity in
sutgcorrelation of Ty-T, differentials reflected a circadian activily patiern of these mtles
moving into cooler or warmner water. Turtles move for many reasons, and we do not
suggest movements were principally for thermoregulatory reasons. The resoit is
interesting, however, becanse periods of low or negative antocorrelation berween Tp-Ta
differences reflected periods when differences in Ty-T, were mediated by thermal inertia
and physiolegical controls.

Our resuits suggest M. remminckii exhibited some physiological conirol over body
temperatures. Turtles in the field had smalfer heating time constants than cooling time
constants, Macroclemys temmninckii heated more rapidly than they cooled presumably
hecuuse of physiological phenormena such as changes in heart rate, blood shunting, and
bloed flow o exirentities that are well knowen in turtles and other large reptiles (Weathers
and White 1971, Pough ef af 1998),

In addition to the physiclogical controls M. temminckii presumnably exerted over
rates of heat loss, we confirmed thermal inertia in M. remminckii and described the
relationship between cooling rate and body size. The effect of thermal inertia coupled
with physiological control over rates of heat loss resulied in less exirerne and less
vanable values of Ty than T,. Thermal inertia and physiology apparentiy created the
potential for M. femminckii (o extend the range of habitats expioited and the amount of
time spent there before reaching equilit;rium with T,.

Becanse of their life history characteristics. popuiation growth is expecied o be

very semsitive to adult survivorship (Congdon et al. 1993). Hence, populations of
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Alhgator Snapping Turtles can be severely impacted by removal of aduits, and
population recovery wouid be slow without inymigration. The species is easily trapped
and exploitation can rapidly impact nainbers of mature adults (Congdon et al. 1993;
Sloan and Lovich 1995; Wagner et al. 1996). Past commerciat harvest in Arkansas has
resulted in population level changes evident even after commercial harvest eeased
{(Wagner et ai. 1996}, The continuing commercial harvest in Louisiana has canged
concern {Sloan and Lovich 1995) and potentially could impact populations in adjacent
states through illegal harvest.

The spectes is protected in Texas. however the Jevel of iltegal and incidental take
15 unknown. Results from this survey suggest that incidenta) take on trotlines may be
substantial enough to impact populations. Our limited data are not sufficient to estimate
levels of capture on trotiines or the ultimate fate of individuals canght on trotlines.

Recommendations and Future Research

Future tesearch on distribution of Macroclemys femminckii in Fexas could be
armed at determining the presence and absence of the species throughout the individnal
river drainages where it 15 known to ocour. Tt may also be important to document the
presence or absence of Aligator Snapping Turtles in reservoirs within its range.

OF particular impoitance is documeniing the tmpaei of incidental take of Alligator
Snapping Turtles by fisherpersons, especially those using (rotlines. Our resulis that
trapping success was Jlower and turtle sizes were possibly lower at sites with trotlines
should be taken as a warning sign that Alligatoy Sn.apping Turtle populations in areas that
are heavily fished may be impacted. Tn Texas, incid;&ntal take is probably more important

than hunting Alligator Snapping Turtles per se, and efforts to educate the public to
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release Altigator Snapping Turtles unharmed may be worthwhile. Additional research on
the impact of incidental take, especiaily through the use of trotlines is a high priority.

The resuls that habitat complexity is important 1o Alligator Snapping Turtles and
that they actively select microhabitat sites based on structure and temperature have
meaningul implications for conservanion. Alligator Snapping Tustles need appropriate
sikes for foraging and cover, and it is unknown how popuiations mmay persist in areas
where undeywater habitat complexity has been reduced.
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Map 1. County records for Alligator Snapping Turtles in Texas
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Map 2. Alligator Snapping Turtle survey localities in
Texas, 1999-2001.
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Map 3. Radiotelemetry locations of Alligator Snapping
Turtle #173 at Stephen F. Austin Experimental Forest.
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