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CHAPTER I

HISTORICAL COMPARISONS OF 35 SITES ACROSS EASTERN OKLAHOMA
PREVIOSULY SAMPLED BY RIEDLE 1997-1999.

ABSTRACT
Over 852,000 turtles were reported harvested in Oklahoma in 1994-2010. At these rates
of harvesting, turtle populations in Oklahoma may be unable to sustain themselves.
Without swift changes, the aquatic turtles of Oklahoma may reach a point where they
cannot recover. I conducted an intensive 2-year survey of the freshwater turtle species of
eastern Oklahoma, covering 35 sites that were previously surveyed for freshwater turtles
by Riedle (2001) in 1997-1999. The results of my study were used to determine if there
has been a decline in aquatic turtle species in eastern Oklahoma. Preliminary findings
were also reported to the Oklahoma Department of Wildlife Conservation (ODWC) to
give them current information as they considered continuing the present state-wide ban
on commercial harvesting of turtles in public waters through the duration of my study.
Using the data collected by Riedle in 1997-1999,1 sampled at the same sites in 20092010 and compared catch per unit effort (CPUE), species richness, and species diversity
separately for northeastern and southeastern Oklahoma. I found a significant decrease in
CPUE now compared to 1997-1999 across both the northeastern and the southeastern
sites. I also saw significant declines in species richness and species diversity, but only for

northeastern sites. I also compared carapace lengths in 2009-2010 between northeastern
and southeastern sites for the three most harvested species. In two of the three species,
turtles were significantly smaller in the northeast. Overall, it appears that harvest has
played a role in the decline of aquatic turtle species across eastern Oklahoma since
Riedle's surveys in 1997-1999. These declines have been more severe in northeastern
than southeastern Oklahoma.
INTRODUCTION
Worldwide declines in biodiversity, with special attention to the rapid extinction of
reptiles and amphibians, especially turtles, have recently been documented (van Dijk et
al. 2000) Aquatic turtles and tortoises are at higher risk than any other group of reptiles,
with approximately 55 percent of turtle species worldwide considered threatened (Turtle
Taxonomy Working Group 2010). The severity of the crisis faced by turtles was
highlighted by Rhodin (1999), who recognized 293 turtle species and subspecies as
threatened with extinction or already extinct.
Like with most taxa, turtles are declining because of threats that stem from a
variety of human and non-human induced impacts, including unsustainable harvest,
pollution, urbanization, fragmentation, pathogens, nest predation, and disease (Gibbons et
al. 2000, Rizkalla et al. 2006). Turtles have high nest predation from predators like
raccoons (Procyon lotor), and recent work has brought attention to nests being infested
by ants and even phorid flies (Holcomb et al. 2011). An important disease implicated in
turtle declines is a contagious respiratory ailment caused by the bacterium Mycoplasma
agassizii whose symptoms are similar to pneumonia, which affects turtles' lungs and can
devastate wild turtle populations (Ernst 2009; Gibbons et al. 2000). Turtles are often kept

as pets and release of pet turtles into the wild can be an avenue for the introduction of
pathogens into wild populations. The introduction of reptiles and amphibians released by
pet owners also can be damaging to ecosystems because of the introduction of potentially
invasive, exotic species. Approximately 1.8 million reptiles are imported into the United
States (U.S.) each year, and nearly 90 %of those are non-native species (Perry and
Farmer. 2011). Recently, a widespread and growing exploitation of turtles has led to near
extinction of many turtle species, especially in Asia (Thorbjarson et al. 2000, Shi et al.
2007). Turtles illustrate a type III survivorship curve and therefore they are slow to
reproduce and their reproductive success is low (Gibbons 1968), factors that make them
slow to recover from population declines. The export of turtles to Asia for food,
medicine, and the pet trade has played an unusually large role in turtle declines in the
U.S. (Compton 2000, Gibbons et al. 2000, Cheung and Dudgeon 2006). The influence of
Asian markets on North American turtle declines has increased since bans were placed on
the import of turtles by the European Union and United Kingdom, consequently sending
nearly all turtles harvested in the U.S. to Asia. Approximately 32 million turtles were
exported to Asia from the United States between 2002 and 2005 (Senneke 2006). In
1997, 97% of all reptiles exported from the United States were turtles, which are the most
sought animal in the pet trade. Over 950,000 individuals of 157 turtle species were found
in a 35-month survey of markets in Hong Kong, China, and 124 of the species were
aquatic (Cheung and Dudgeon 2006).
Not all exports are wild-caught turtles; currently, turtle farms in Louisiana
account for approximately 90% of all turtles exported from the United States, but this
does not alleviate all conservation concerns. Turtles face problems from a process called

ranching, in which gravid females are collected from natural habitats, and their eggs and
young are harvested in captivity and the juveniles are then sold. This is similar to
conservation programs that capture gravid females and rerelease the juveniles into the
wild to increase genetic variation in natural populations but in this former case, juveniles
are not released into the wild. Ranching also can reduce native population numbers
(Franke and Telecky 2001). Some estimates report that approximately 9 million reptiles
and amphibians were kept as pets in the United States in 2000, with the most common
types being turtles and tortoises, of which many are listed as captive-bred (Franke and
Telecky 2001).
In the United States, 32 states do not allow turtle harvesting. Of the 18 states that
allow harvesting, some have placed temporary bans on commercial turtle harvesting
(Center for Biological Diversity 2008). In response to concerns from conservation and
health groups in scientific literature (Heck 1998, Riedle et al. 2004) and popular media
(Center for Biological Diversity 2008, Hylton 2008), the Oklahoma Department of
Wildlife Conservation (ODWC) enacted a three-year moratorium on turtle harvesting in
May 2008 and then granted a two-year extension on commercial harvest of turtles from
public waters in April 2011, set to expire May 2013. Prior to the moratorium being
established, regulations on the capture and possession of all turtles were overseen by the
ODWC. The specific reptile regulations can be found online at the ODWC website under
OAC Title 800:25-7 Part 3, or OAC Title 800:15 Subchapter 9. These regulations provide
little control over means and location of turtle harvest, or the numbers taken; however,
previous regulations did prohibit all harvesting of Alligator Snapping Turtle
[Macrochelys temminckii) and Northern Map Turtle {Graptemys geographica). With no

regulations governing size of harvested individuals, both mature and immature
individuals can be collected, with the most pressure being on larger individuals because
turtles are sold by the pound. Although some populations of reptiles, e.g., some anoles,
some geckos, and a few snake species, can sustain at least a moderate level of
commercial harvesting (Fitch, 1998 and Franke and Telecky 2001), this is not true of
most native turtle populations.
There are approximately 320 species of turtles in the world, and 17 of these can
be found in Oklahoma (Ernst 2009). Oklahoma has 5 of the 7 families of turtles found in
the United States and Canada (Ernst et al. 2009), and the eastern one-third of Oklahoma
has 14 of the 15 species of freshwater turtles found within the state (Table 1; Conant and
Collins 1998, Sievert and Sievert 2005). Turtle assemblages in Oklahoma are noteworthy
because there are unique combinations of species not present in other places, and several
species approach their northernmost longitudinal geographic range boundaries (Stone
2005). The ecological status of most turtle species is not well known (Oklahoma Natural
Heritage Inventory 2003). The Oklahoma Natural Heritage Inventory lists 5 species of
aquatic turtles as Rare Oklahoma Vertebrates: Alligator Snapping Turtle (M.
temminckii), Chicken Turtle (Deirochelys reticularia), Northern Map Turtle (G.
geographica), Mississippi Map Turtle (Graptemys pseudogeographica kohnii), and
Painted Turtle (Chrysemys picta). Two species are listed as species of special concern in
ODWC's Comprehensive Wildlife Conservation Strategy: M. temminickii and G.
geographica. A study focusing on the status and distribution of M. temminckii, a
protected species in Oklahoma, concluded that many historical populations in eastern
Oklahoma have been extirpated, and only two protected localities with sizeable, healthy

populations were found (Riedle et al. 2004). In a broad survey of Oklahoma aquatic
turtles from 1997 to 1999, Riedle (2001) found serious population declines in multiple
species of freshwater turtles in multiple river drainages.
The 3-year moratorium on turtle harvest from public waters enacted in May 2008
by the ODWC provided an opportunity for further assessment of the freshwater turtle
populations of eastern Oklahoma during which harvest was eliminated. Consequently, I
sampled turtles in eastern Oklahoma, surveying the same sites that Riedle (2001) did in
1997-1999.1 expected that aquatic turtle populations in Oklahoma would follow the
same trends of worldwide reptile declines, and therefore I expected to collect
significantly fewer turtles than collected by Riedle. Harvest was reducing numbers and
possibly species richness while Riedle was trapping; however, the majority of harvesting
occurred after Riedle's study. Legal harvest began in 1994 and continued for almost 10
years after Riedle finished his study, likely reducing numbers each year until the
moratorium took effect in May 2008.1 predicted that numbers, after only one year of
moratorium, would still be low due to the fact that turtles take a long time to mature. I
also hypothesized that species richness and diversity would be lower in my samples than
in those of Riedle. I further hypothesized that size distributions would be biased toward
smaller turtles, and as a consequence of reduced competition, extant turtles might have a
higher condition index.
METHODS
Study Sites
I selected 20 sites from northeastern Oklahoma and 15 sites from southeastern
Oklahoma. Three sites (Pennington Creek, Walnut Creek, and Green Leaf) of the 38 sites

originally surveyed by Riedle in 1997-1999 had been altered enough that the sites were
excluded from my study. For example, one site was now dry or had little running water
compared with 10 years ago, preventing trapping using standard aquatic trapping
techniques. Sites were classified as creeks, ponds, river, sloughs, or lakes. I had 17
creeks: Mountain Fork Creek, Sandy Creek, Gaines Creek, Buffalo Creek, Bell Creek,
Big Cabin Creek, Grove Greek, Big Vian Creek, Little Vian Creek, Hezekiah Creek,
Dirty Creek, Spring Creek, 14 Mile Creek, Mill Creek2 and Dutchess Creek. I had 10
rivers: Glover River, Little River (combined sites), Kiamichi River, Poteau River, Caney
River, Deep Fork River, Verdigris River, Spring River, Illinois River, and Neosho River2
(* represents two creeks with the same name, or a stretch of river that was trapped
twice). I had 4 lakes: Red Lake, Twin Lakes, Ft. Gibson Lake, and Sally Jones Lake; two
ponds: Dick's Pond and Goose Pen Pond; and two sloughs: Horton Slough and 41 Cutoff
Oxbow. For consistency, I during 2009-2010, sampled the sites sampled by Riedle in
1997-1999 at approximately the same time of the year. The northeastern and
southeastern sites were suiveyed by two separate crews. Northeastern sites were surveyed
by the author and southeastern sites were surveyed by Dr. Tim Patton (Southeastern
Oklahoma State University, Durant, Oklahoma). Minor differences in trapping protocol
(e.g., number of traps per site, duration of trapping) are discussed in the methods section
below.
Trapping Methods
All traps used for this study were commercial hoop nets, 2.1 m in length and constructed
of three 1.05-m diameter hoops covered with 2.5-cm square mesh (Memphis Net and
Twine Company, Memphis Tennessee). These are the same trap dimensions previously

used by Riedle (2001). Following the methods of Riedle (2001), nets were baited with
fresh dead fish. Bait fish were caught with gill nets, or by incidental capture in the turtle
nets. If no fresh fish were available, sardines were used as bait. I mostly used blue gill,
sunfish, catfish, and carp species as bait, but other species were also sometimes used. I
used roughly the same quantity of bait for each trap, cutting larger fish into two or more
pieces and punching holes in the sides of smaller fish to better release scent. Traps were
set in the late afternoon or early evening and checked the following morning in the
northeast; traps were set continuously for 24 hours in the southeast (see below for applied
correction). Traps were positioned so that a portion of the trap extended above the water
to prevent drowning of captured turtles and placed in a location likely to yield turtles
based on tree cover, snags, and basking areas. Both field crews were experienced with
turtle trapping and both crews met with Daren Riedle prior to data collection in order to
determine exact trap localities and trap setting methods that Riedle used in his previous
study (Riedle 2001). At each site, I set traps along a 100-m transect. Any animals that
died in the course of the study were deposited in the Oklahoma State University
Collection of Vertebrates. A minimum of 30 net nights was used to compare to each site
surveyed by Riedle in 1997-1999 (Figure 1, Table 2). If > 30 net nights were used by
Riedle, that number was matched, but only at the northeastern sites. The southeastern
crew used a constant 30 net nights at all sites. Geographical coordinates were taken at
each site with handheld GPS units (Garmin™ eTrex Vista C) (Appendix 1). Catch per
unit effort (CPUE) served to standardize results between the northeastern and
southeastern sites of this study and those of Riedle (2001). CPUE was adjusted for
southeastern sites using (15/24) X (turtles per night net) because those traps were left out

for 24 hours, compared to the 15 hours per trap set at northeastern sites. This correction
assumes a linear relationship of turtle captures over a 24-hour period, which is probably
not the case for all species. However, without detailed knowledge of capture rates over
daytime and nighttime hours per species, the correction applied is an unbiased and
necessary one; traps kept out more hours will capture more turtles. I did not adjust for
species richness because I presumed that the 15-hour trapping period would capture the
same species as the 24-hour period, just not the same numbers per species. Because the
Shannon-Weiner index of species diversity uses species proportions (and it is unlikely
that the longer session would yield more species as argued above), the different trapping
durations should not affect this metric.
Marking Methods.
All turtles captured were recorded and uniquely marked using a Dremel™ (7.2V
Cordless MultiPro or 10V Cordless MultiPro) to create notches at the outer edge of the
marginal scutes of the carapace (Figure 2; Cagle 1939). Small holes in specific marginal
scutes of both species of snapping turtles were drilled, and a short white zip tie was
placed in these holes to ensure they would not close prematurely. Softshell turtles were
marked using a modified version from Plummer (2008): using special numbered steel
tags (National Wing Brand™, Jiffy Model, style 893) attached to the posterior right side
of the carapace. These marking techniques allowed me to determine whether animals
were recaptured on subsequent trapping occasions.
Individuals were sexed when possible by the presence of secondary sexual
characteristics. Males of most species have longer claws and thicker tails, with the
cloacal opening located nearer the posterior marginal scutes. Turtles were considered

juveniles if their carapace length measured < 100 mm and they showed no obvious
secondary sexual characteristics (Tucker et al. 2008). Apalone species can be sexed even
as juveniles using presence of dots on the carapace of males; females lack this definitive
circle pattern on the carapace (Ernst 2009). Straight-line carapace length (SCL), from the
first marginal scute behind the head to last marginal scute near the tail, and straight-line
plastron length (SPL), from intergular scute (first scute behind lower neck) to anal scute,
were measured to the nearest millimeter using calipers. Mass was measured to the nearest
gram for individuals < 1000 g and to the nearest 10 grams for those > 1000 g. Any
injuries and abnormalities also were noted. All turtles recaptured were measured and
weighed each time they were captured. All turtles were released at the site of capture
after all data were collected. Turtles that needed further processing were placed in a
transfer container with approximately 8 cm of water from the local site, preventing
desiccation. All field methods were approved by the OSU Institutional Animal Care and
Use Committee (Protocol No. 72345). All individuals engaged in trapping had a valid
Oklahoma Scientific Collectors Permit.
Statistical Analyses
Trap success was measured as turtles per net night using CPUE, comparing each
location from Riedle 1997-1999 to my success using a paired ?-test for northeastern (n =
20) and southeastern (n = 15) sites separately. Species richness (number of species
captured) was compared using the same method for all sites. The Shannon-Wiener index
of species diversity was also compared using the same method, first with all species and
then after removing T. scripta from the analysis. This was done because T. scripta
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