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ABSTRACT

INFERRING POPULATION CHANGES OF FRESHWATER
TURTLES IN SOUTH TEXAS

by

Amanda D‟Anne Schultz, B.A.

Texas State University-San Marcos
May 2010

SUPERVISING PROFESSOR: MICHAEL R. J. FORSTNER

After more than 200 million years as a unique evolutionary group, persisting in
the great extinction that ended the reign of dinosaurs, many species of turtles are now
increasingly threatened with extinction. Leading pressures of additive mortality include
exploitation and habitat alteration. Often seen as an issue for Asia, this situation is
ongoing for the United States. Before 2007, market hunting of turtles was effectively
unregulated within Texas. The 2007 harvest regulation changes permit harvest of turtles
only from private water bodies but retain no regulation of harvest numbers, sizes, or sex
within the state. Prior to the regulation change, a substantial harvest occurred within
counties of the Lower Rio Grande Valley of South Texas, an area of marked human
population growth. I repeated a freshwater turtle assessment conducted in 1976 to
x

determine if demographic changes, consequent of harvest and human presence, have
occurred in freshwater turtle populations within the Lower Rio Grande Valley. Original
trapping locations were re-located and when possible re-trapped with similar trapping
effort using baited hoop nets. Original locations rendered unsuitable by anthropogenic or
natural changes were replaced with proximal or similar locations. Simultaneously, I
repeated a 2008 study to determine if annual fluctuations of the population‟s
demographics negate significant results in the replication of the 1976 study. The 2008
study attempted to replicate the same 1976 study, but an ongoing drought forced several
relocations from original trap sites and consequently, a low overall replication success.
Species, sex, carapace length and width, plastron length and width, body depth, and
weight were recorded for individual turtles. Data were analyzed for red-eared slider
(Trachemys scripta elegans) and Texas spiny softshell (Apalone spinifera emoryi)
captures. Capture-rates were compared using unequal variance t-tests or randomization
tests. Age class ratios and adult sex-ratios were compared using Chi-square goodness-offit tests. Carapace lengths were compared using unequal t-tests or 2 factor crossed
ANOVAs and an unbalanced multiple planned comparisons where sample sizes yielded
enough temporal replication. The red-eared slider capture-rates showed a decrease over
the 3-decade period and a significant increase in female carapace length. Drought
conditions of 2008 increased captures, but total captures still do not reach the levels of
1976. I concluded that the red-eared slider population has changed since 1976 and
commercial turtle harvest might be one of the causative factors. Further study is required
to evaluate whether other additive mortality, such as urbanization is contributing to the
decline of turtle populations in the Lower Rio Grande Valley. My results highlight the
necessity for further study and likely further restrictive management changes to keep
common pond turtles common within Texas.

xi

CHAPTER I

INTRODUCTION

Turtles likely evolved during the Triassic Period and persisted with remarkably
little evolutionary change to their successful body plan (Joyce and Gauthie 2004, Li et al.
2008). The signature shell of turtles, formed from extensions of the backbone and ribs,
served as a protective armor permitting the achievement of continued turtle survival
(Orenstein 2001). The greatest change in the anatomy of turtles occurred early in their
evolution, dividing turtles into two orders each with a different method of bending and
retracting the neck into the shell. Order Pleurodira, the side necked turtles, are nearly all
exclusively freshwater turtles. Order Cryptodira, the hidden neck turtles, contains marine
turtles, additional freshwater turtles, and terrestrial tortoises (Orenstein 2001, Moll and
Moll 2004, Bour 2008). Collectively, turtles consist of approximately 320 different
species (Pritchard 1979, Bour 2008). The unique life histories with delayed sexual,
lengthy longevity, and tolerance of high juvenile mortality contributed to the evolutionary
success of turtles (Gibbs and Amato 2000, Orenstein 2001). Adversely, these life history
characteristics that previously sustained their survival now make them vulnerable to
additive mortality by human exploitation and habitat alteration (Burke et al. 1994, Gibbs
and Amato 2000). Direct human harvest of turtles fills the demands of domestic and
1
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international food markets, traditional medicines, turtle farms, pet trade, zoos, and
aquariums (Warwick et al. 1990, Turtle Conservation Fund 2002, Ceballos and Fitzgerald
2004, Moll and Moll 2004, Prestridge 2009, Romagosa 2009). Other leading causes for
their decline include introduced invasive species, environmental pollution, disease, and
global climate change (Gibbons et al. 2000, Mitchell and Klemens 2000, Marchand and
Litvaitis 2004). Consequently, over one-half of the world‟s turtles are now considered
threatened by the International Union for Conservation of Nature, and numerous species
are clearly destined for extinction (Turtle Conservation Fund 2002, Bour 2008,
International Union for Conservation of Nature 2009). Indeed, some species of turtles
have been so greatly reduced, they are considered extinct in the wild with only a few
captive individuals remaining alive to represent the species.
There are several current examples of turtles extinct in the wild because of
anthropomorphic exploitation. The Pinta Island tortoise (Geochelone nigra abingdoni), a
subspecies of Galapagos tortoise became a convenient food and oil source after the
Galapagos Islands became an ocean port (Thorbjarnarson et al. 2000). Eventually, all
were killed except 1 nicknamed Lonesome George discovered in 1971. He now lives
alone at the Charles Darwin Research Center as the last remaining turtle of his subspecies
(Turtle Conservation Fund 2002). In Asia, the Yangtze giant softshell turtle (Rafetus
swinhoei) is considered the most endangered turtle species in the world (Turtle
Conservation Fund 2002). Softshell turtles of Asia are intensively exploited for the food
trade market (Moll and Moll 2004, International Union for Conservation of Nature 2009).
A total of only 4 Yangtze giant softshell turtles exist, 2 captive in a zoo and 2 considered
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wild in separate lakes. In 2008, one of the wild turtles was captured and then reluctantly
released by a fisherman (Hendrie 2009).
The long use of turtles by humans in Asia, with China as the largest market (Moll
and Moll 2004, Chen et al. 2009), has turned this area containing the world‟s greatest
historical turtle diversity into the area with the greatest number of endangered turtle
species (Van Dijk 2000, Turtle Conservation Fund 2002, Bour 2008). Despite listings of
many of these species for protection on the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES), the lack of enforcement has
allowed the continued selling of several endangered species in markets in China (Cheung
and Dudgeon 2006).
In the United States, the most endangered species are heavily impacted by human
activities. The nesting beaches of the yellow-blotched map turtle (Graptemys
flavimaculata) have been reduced by water level variation from an intensive agricultural
demand for water. Despite its listing as federally threatened, the yellow-blotched map
turtle is commonly killed during recreational target practice called “turtle plinking”
(Horne et al. 2003).
Turtles were once a highly sought after food market delicacy in the United States.
The largest freshwater turtle, the alligator snapping turtle (Macroclemys temminckii),
became the most sought after turtle species when the harvest of marine turtles declined,
but the increased consumption by humans and habitat degradation led to a decrease in the
abundance of this species (Reed et al. 2002, Riedle et al. 2005). The smaller common
snapping turtle (Chelydra serpentina) was frequently used for popular turtle soup. Soon
the diamondback terrapin (Malaclemys terrapin) became the favored ingredient in soup
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and perception of its superiority as a delicacy over the snapping turtle by the upper-class
exacerbated the terrapin‟s decreasing populations (Moll and Moll 2004, Baldwin et al.
2005). Threats of drowning in crab traps, boat traffic injuries, and altered habitat still
impact diamondback terrapin populations despite the reduction of harvest (Baldwin et al.
2005, Hart and Lee 2006).
Though turtle meat is not the American cuisine it once was, declining Asian and
South American turtle populations due to overexploitation have created a new worldwide
market demand for American turtles (Burke et al. 2000, Prestridge 2009, Romagosa
2009). Large quantities of turtles from Texas enter the worldwide market annually
(Ceballos and Fitzgerald 2004, Prestridge 2009).
Until October 2007, Texas had effectively no regulations on the take for the
majority of freshwater turtle species. New regulations allow nongame permit holders to
possess, transport, sell, import, or export unlimited numbers of three common Texas
freshwater turtles; common snapping turtle, red-eared slider (Trachemys scripta elegans),
or softshell turtles (Apalone spp.) provided their harvest occurs on private land or water
(Texas Administrative Code Title 31 Chapter 65 §65.331). These species can be
considered as having partial protection as managed by a regime analogous to spatialcontrol harvest theory which proposes to buffer populations against overexploitation by
protecting that species from harvest in surrounding areas (McCullough 1996). In the case
of turtles, immigrants from nonharvested private and public water bodies replenish the
population of harvested water bodies. In theory, these migrants maintain a sustainable
harvest. Other states have adopted similar regulations for protecting freshwater turtles
(Lowe 2009). States following the regulation change in Texas include Oklahoma which
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subsequently adopted a moratorium on the harvest of turtles on public water bodies in
May 2008 (Oklahoma Statutes Title 29 §29-6-204) and Florida prohibited all commercial
harvest in July 2009 other than specially permitted aquaculturalists replenishing breeding
stocks (Florida Administrative Code Chapter 68-A §68A-25.002).
At least 377,534 freshwater turtles were exported from Texas between 1995 and
2000, with the number of exports increasing annually (Ceballos and Fitzgerald 2004). Of
the 16,110 wild-caught turtles reported in 1999, spiny softshells (Apalone spinifera) and
red-eared sliders accounted for 87.1% of the take. Further, approximately 62% of the
reported take came from two neighboring Lower Rio Grande Valley counties, Hidalgo
and Cameron. The intensity of harvest in that area of the state in the following years is
unknown because collectors were not required to file annual collection reports with Texas
Parks and Wildlife Department. A collector can sell to any licensed non-game dealer;
however, their required annual reports are often riddled with errors (Prestridge 2009).
Sustainable exploitation at the rate previously mentioned in Texas is not possible
for turtles due to their vulnerable life histories (Congdon et al. 1993, Burke et al. 1994).
Harvest of the northern snake-necked turtle (Chelodina rugosa) by indigenous human
populations of northern Australia did not decrease populations. The steady use of the
turtles as a source of protein could continue with an annual harvest up 20% of the
subadult and adult classes of the population (Fordham et al. 2008). Conversely, the
presence of feral pigs (Sus scrofa), buffalo (Bubalus bubalis), and cattle (Bos taurus)
have begun damaging habitat and trampling aestivating turtles and therefore reducing the
population size (Fordham et al. 2006, Fordham et al. 2008); thus, necessitating a reduced
harvest.
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Congdon et al. (1993, 1994) modeled the effects of population reduction
simulated from life tables of Blanding‟s turtle (Emydoidea blandingii) and common
snapping turtle. The models showed that in order to maintain a stable population,
compensation for the additive mortality of harvest would require increased juvenile
survival, but such an increase was highly unlikely to occur. Use of a head-starting
program to increase juvenile survival, works only if the additive adult mortality is
deceased simultaneously (Congdon 1993, Heppell et al. 1996).
Along with substantial freshwater turtle harvest in South Texas, there has been a
long-term decline in suitable habitat due to changes in land use and water availability
(Huang and Fipps. 2006). Loss and degradation of habitat can have significant
consequences for freshwater turtles (Marchand and Litvaitis 2004). As water bodies
become unsuitable habitat, resident turtles will emigrate to new water sources (Gibbons
et al. 1983, Gibbons and Greene 1990, Kennet and Georges 1990, Mitchell and Klemens
2000), this, in turn, exacerbates high population densities when water bodies are limited
(McAuliffe 1978). Turtles of overpopulated water bodies will have slower growth rates
as observed in the eastern long-necked turtle, Chelodina longicollis (Kennet and Georges
1990) and decreased reproduction (Gibbons et al. 1983, Kennet and Georges 1990). As
available habitat increases with precipitation, aquatic turtles migrate to less populated
areas and new mates (McAuliffe 1978, Wygoda 1979). Habitat loss and degradation
affecting freshwater turtles extends beyond their aquatic habitats. Turtles utilize an area
up to 275 m or more from the water‟s edge for dry habitat dispersal and nesting (Burke
and Gibbons 1995, Mitchell and Klemens 2000, Marchand and Litvaitis 2004). Rizkalla
and Swihart (2006) modeled occupancy and abundance to determine the negative impacts
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of habitat fragmentation on aquatic turtles. Red-eared sliders were the most negatively
affected by habitat fragmentation.
Increased urbanization can impact sex-ratios of turtle populations. During nesting
excursions, females have an increased probability of mortality when crossing roads and
from subsidized terrestrial predators (Ashley and Robinson 1996, Mitchell and Klemens
2000, Marchand and Litvaitis 2004, Gibbs and Steen 2005). Subsidized predators are
native or introduced animals that flourish in environments with a close relation to humanaltered habitat (Boarman 1997). Though males appeared to have more terrestrial activity
(Parker 1984), the timing of nesting activity of females during dawn and dusk puts them
traversing roadways during periods of heaviest traffic (Steen and Gibbs 2004). Sex-ratios
of both painted turtles (Chrysemys picta) and snapping turtles in New England were male
biased in areas with high road density (Marchand and Litviatis 2004, Steen and Gibbs
2004). Increased alterations of terrestrial habitat can influence population demographics.
The loss of shade-generating plants at a nesting area can alter the temperature of a nest
and affect hatchling sex ratios (Moll and Moll 2004). Most turtles, such as red-eared
sliders, have temperature-dependent sex determination during incubation with higher
temperatures producing females (Bull et. al. 1982, Willingham 2005). Softshell turtles
have genetic sex determination (Vogt and Bull 1982, Greenbaum and Carr 2001), and
therefore, variation from a 1:1 sex-ratio is caused by outside factors. Marchand and
Litaitis (2004) noted that the amount of forest cover around a pond was positively related
to the proportion of males in a population of painted turtles.
The harvest of turtles can alter a population‟s abundance, and size selection can
impact the sex-ratio and age structure. The economics of selling turtles for a food market
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causes the harvest of the largest turtles available (Moll and Moll 2004). The sexual
dimorphism of turtles places pressures on larger, often egg-bearing females, and
therefore, causes a reduction in recruitment (Gibbons and Greene 1990, Moll and Moll
2004). These females are also preferentially harvested for turtle farms to replace breeding
stock that was sold or died (Moll and Moll 2004). Close and Seigel (1997) showed
carapace lengths of female red-eared slider from known, harvested, water bodies were
significantly smaller than those from nonharvested areas, and Warwick et al. (1990)
found body size and abundance were reduced for red-eared sliders at harvest sites.
Proper management plans require knowledge of the life-history traits of the
species (Congdon et al. 1993). Management of freshwater turtles relies on inconsistent
state to state issuance of protection. Variation within state boundaries should
consequently influence management regimes, but the status of most turtle species is
unknown within the entire range. The difficulties of funding and protected field sites for
long-term vertebrate studies have limited adequate research of freshwaters turtles (Tinkle
1979, Congdon et al. 1993). Few temporally comparative studies of freshwater turtles
exist based on nothing more than anecdotal data (Moll and Moll 2004). Unfortunately,
even fewer studies explicitly seek to examine the abundance of turtles under the effects of
use as a wildlife resource.
In 1976, Eric Grosmaire, a student at Texas A&M University surveyed freshwater
turtle populations in the Lower Rio Grande Valley of Texas for his Master of Science
thesis titled „Aspects of the natural history of freshwater turtles within the Lower Rio
Grande Valley of Texas‟ (Grosmaire 1977). Trap sites for turtles occurred at public and
private localities within Cameron, Hidalgo and Willacy counties. Grosmaire collected
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sex-ratios, size classes, and population sizes on freshwater turtle populations in the Lower
Rio Grande Valley.
In 2008, Donald Brown attempted to reproduce Grosmaire‟s trapping effort.
Brown was unable to successfully replicate trapping effort at a high percentage of
Grosmaire‟s original trap sites because an ongoing drought in the area in the late spring
of 2008 reduced the available water bodies, inaccessibility of trapping sites, and lack of
protection for traps (Brown 2008). Increased precipitation during July, August, and
September of 2009 in the Lower Rio Grande Valley due to three tropical systems
(National Oceanic and Atmospheric Administration 2009), increased the number of
Grosmaire‟s original sites holding water in 2009 and permitted a more exact replication
of Grosmaire‟s work (Grosmaire 1977) than Brown (2008).
My study was a repetition of the 2 previous studies on freshwater turtles
populations in the Lower Rio Grande Valley. Eric Grosmaire‟s thesis provided the
baseline data for demographic comparisons of the Lower Rio Grande Valley freshwater
turtle populations from 3 decades ago with my study on the current status of turtle
populations and results of long-term changes that have impacted freshwater turtles in
South Texas. Repetition of trapping efforts of Brown‟s 2008 study provided a unique
opportunity to determine short-term variability in sites trapped between 2008 and 2009. I
also addressed any changes to the freshwater turtle populations in the 3 heavily harvested
counties of South Texas. In combining information from both long-term (i.e., 33 years)
and short-term (annual) results, I characterized the significant decreases for the harvested
counties detected by Brown in 2008. Changes in the population of freshwater turtles since
1976 could indicate negative impacts on turtle populations due to human influence and
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may require further management and harvest restrictions of turtles in Texas to conserve
freshwater species.

CHAPTER II

STUDY AREA

I conducted my study in Cameron, Hidalgo, and Willacy counties of Lower Rio
Grande Valley (Fig. 1). Major water bodies of the area include the Rio Grande River
flowing along the southern boundaries of Cameron and Hidalgo counties, it‟s former
resacas from historical flooding, the Arroyo Colorado flowing from southern Hidalgo
County, across Cameron County to the northern boundary with Willacy County, and a
network of irrigation canals supplying water to agricultural lands and growing
municipalities of the area.
Along with the substantial turtle harvest that has occurred in this area, significant
human population growth has changed habitat availability for freshwater turtles. The
population in Cameron County has grown from 189,400 in 1976 to 387,717 in 2006. The
population of Hidalgo County has increased from 249,000 to 700,634. Willacy County
has seen little population growth in the last 3 decades, growing from 17,400 to 20,645
(United States Census Bureau 1982, 2007). Projected growth of the counties over the
next 3 decades include a growth to 639,145 (64.8% increase) for Cameron County,
1,325,757 (89.2% increase) for Hidalgo County, and 28,135 (36.3% increase) for Willacy
County (Rio Grande Regional Water Planning Group 2006). The lack of impact from
11
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lower urbanization in Willacy County is replaced by higher levels of agricultural activity.
On average, the area had a 46% increase in urbanization between 1993 and 2003 (Huang
and Fipps 2006).

Figure 1. Texas counties of the Lower Rio Grande Valley included in the evaluation
of freshwater turtle population trends. These sites provide replication of earlier
(Grosmaire 1977) and more recent (Brown 2008) studies of these populations.
South Texas counties experience fluctuating annual precipitation producing
frequent extreme or exceptional level droughts (Stahle and Cleaveland. 1988, Texas
Water Development Board 2009) that dries up many ephemeral water bodies with turtle
habitat, as seen when surveying trapping sites in May 2009. Analysis of mean monthly
precipitation (National Oceanic and Atmospheric Administration 2009) shows the
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trapping period in 2009 followed a period of higher precipitation similar to 1976 (Fig. 2
and 3).
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Figure 2. Mean monthly precipitation reported for Brownsville Airport from 1973
through November 1976. The mean monthly precipitation for this time period was 6.23
cm.

Mean Monthly Precipitation (cm)

10

9
8
7
6
5
4
3
2
1
0
2005

2006

2007

2008

2009

Year

Figure 3. Mean monthly precipitation reported for Brownsville Airport from 2005
through September 2009. The mean monthly precipitation for this time period was 4.95
cm.
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Monthly rainfall data indicate the first 6 months of 2008, before and during the
Brown study experienced low amounts of precipitation (Fig. 4). Eighty-five percent of
the total rainfall occurred during the second half of the year with the passage of 3 tropical
systems (National Oceanic and Atmospheric Administration 2009). This resulted in the
drought situation of reduced water body availability seen by Brown (2008) no longer
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Figure 4. Monthly total precipitation reported for Brownsville Airport from
January 2008 through September 2009. Based on the total 2008 precipitation, 85%
occurred after the May and June 2008 trapping period.

CHAPTER III

MATERIALS AND METHODS

Trapping Effort
The goal of my trapping effort was to repeat the study of Eric Grosmaire (1977)
using his data as a baseline to infer long-term changes in local freshwater turtle
populations. Secondly, repetition of Brown‟s 2008 study could determine the possibility
of yearly variability affecting the results of a trapping survey. I re-located and, when
possible, re-trapped the same locations with similar trap effort. Eric Grosmaire trapped
sporadically from 21 May 1976 through 15 November 1976. My replication of trapping
effort of Grosmaire‟s study between May and August 1976 occurred between 18 May
2009 and 16 June 2009. Between September and November 1976, Grosmaire retrapped 3
locations along with 1 new location. This trapping effort was repeated in September 2009
to provide replication of Grosmaire‟s seasonality of trapping.
Trapping effort by Brown in 2008 was between 10 May 2008 and 14 June 2008.
My trapping effort to coincide with Brown‟s study was completed during the late spring
of 2009 in addition to the replication of the Grosmaire (1977) study. Using data and field
notes from Brown (2008), I concluded that trapping effort in 2008 were miscalculated
and equaled 1,179 days rather than the 1,400 reported in his thesis.
15
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Grosmaire Trapping Sites
Trap site locations and trapping effort of Grosmaire (1977) were determined using
his thesis, original data sheets, and the assistance of Dr. James R. Dixon, Eric
Grosmaire‟s thesis advisor. All trap sites reported in Grosmaire‟s thesis were re-located
and photographed (Appendix A). Trap locality errors reported in the thesis were
corrected (Appendix B). Upon inspection in summer 2009, eight of the original sites were
determined unsuitable for trapping due to low water levels or had been converted to other
land-use, typically agricultural fields or housing. Sixteen of the sites contained suitable
conditions and were re-trapped for my study. Locations were chosen from available
proximal locations as replacements for the original 8 unsuitable trap sites (Table 1, Fig.
5-7).

17
Table 1. Locations, type of water body, current water status, and land-use
surrounding the original traps sites from Grosmaire (1977) and replacement sites.
Sites are listed from north to south by county with replacement sites used in 2009 labeled
R with the site number listed immediately following associated site. Characters
correspond to locations in Figures 2-4.

Sites
1
2
3
4
5
6
7
8
R8
9
R9
10
11
12
R12
13
14
R14
15
16
R16
17
18
R18
19
20
21
R21
22
R22
23
24

County
Cameron
Cameron
Cameron
Hidalgo
Hidalgo
Hidalgo
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy

Coordinates *
N26.25166, W097.61370
N26.22903, W097.34863
N26.19527, W097.60181
N26.27031, W097.96054
N26.17882, W098.38714
N26.07390, W098.15336
N26.50363, W097.48840
N26.48814, W097.65675
N26.50290, W097.60829
N26.48223, W097.74853
N26.49303, W097.74072
N26.46308, W097.70819
N26.45587, W097.76271
N26.45451, W097.75909
N26.45340, W097.71233
N26.45341, W097.93415
N26.45316, W097.61986
N26.43910, W097.61353
N26.45218, W097.77656
N26.41776, W097.59951
N26.35752, W097.58618
N26.40231, W097.61563
N26.40108, W097.70241
N26.39358, W097.70335
N26.40091, W097.71147
N26.39356, W097.71952
N26.38800, W097.71957
N26.39011, W097.75178
N26.35751, W097.73042
N26.37576, W097.68914
N26.34240, W097.78249
N26.33024, W097.47494

Water
Body
Pond
Pond
River
Canal
Resaca
Pond
Canal
Pond
Pond
Pond
Canal
Pond
Pond
Pond
Canal
Canal
Pond
Canal
Pond
Resaca
Canal
Canal
Resaca
Canal
Canal
Canal
Pond
Canal
Pond
Pond
Pond
Creek

Status
Wet
Wet
Wet
Wet
Wet
Wet
Wet
Dry
Wet
Wet
Wet
Wet
Wet
Dry
Wet
Wet
Dry
Wet
Wet
Dry
Wet
Wet
Dry
Wet
Wet
Wet
Dry
Wet
Dry
Wet
Wet
Wet

*Coordinates are in decimal degrees using the WGS 84 datum

Title
McCloud Hood Reservoir
Laguna Atascosa
Arroyo Colorado
Public
Bentsen-Rio Grande
Santa Ana
Public
Private
Private
Private
Public
Private
Frank Quintero
Private
Public
Public
Private
Public
Public
Private
Public
Public
Private
Public
Public
Public
Private
Public
Private
Private
Private
Arroyo Colorado

Land-use
Agricultural
NWR
Industrial
Agricultural
State Park
NWR
Undeveloped
Agricultural
Cattle pasture
Agricultural
Agricultural
Agricultural
Cattle pasture
Agricultural
Agricultural
Agricultural
Industrial
Agricultural
Agricultural
Agricultural
Agricultural
Agricultural
Agricultural
Agricultural
Agricultural
Agricultural
Agricultural
Agricultural
Agricultural
Cattle pasture
Residential
Residential
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Figure 5. Turtle trap locations in Cameron County based on Grosmaire (1977).
Trapping effort at all 3 Cameron County 1976 sites was replicated in late spring 2009.
Site 1 (Laguna Atascosa NWR) accounted for the majority of the trapping effort for the
county. Fall trapping was also replicated at Laguna Atascosa NWR. The 2 remaining
sites consisted of public water bodies.
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Figure 6. Turtle trap locations in Hidalgo County based on Grosmaire (1977).
Trapping effort at the 3 Hidalgo County 1976 sites was replicated in late spring 2009.
Site 6 (Santa Ana NWR) accounted for the majority of the trapping effort for the county.
Fall trapping was also replicated at Santa Ana NWR. The remaining sites consisted of
Bentsen-Rio Grande State Park and a public canal.
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Figure 7. Turtle trap locations in Willacy County based on Grosmaire (1977).
Trapping effort at the 18 Willacy County sites 1976 was replicated in late spring 2009.
Seven of the 1976 trap sites were not repeatable but were successfully replaced at
proximal water bodies. Sites varied between public and private water bodies. Two sites
were replicated during the fall as in the Grosmaire effort.
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Brown Trapping Sites
All of Brown‟s 2008 sites were trapped in 2009 at the same locations. Portions of
the trapping effort in 2008 at Bentsen-Rio Grande State Park, Santa Ana National
Wildlife Refuge, and Southmost Preserve were relocated to other water bodies used
previously at the properties (Table 2, Fig. 8-10). Trapping locality photographs are
presented in Appendix A.

Table 2. Locations, type of water body, current water status, and land-use
surrounding the original and current trap sites from Brown (2008). Sites are listed
from north to south by county.
2008
A

Trapped
2009
Yes

County
Cameron

Coordinates*
N26.22029, W097.60605

Water
Body
Canal

Title
Abbott Reservoir

Land-use
Agricultural

B

Yes

Cameron

N25.85420, W097.39588

Resaca

Southmost Preserve

Preserve

C

Yes

Cameron

N25.85227, W097.39743

Resaca

Southmost Preserve

Preserve

D

Yes

Cameron

N25.85032, W097.39867

River

Rio Grande

Preserve

E

**

Cameron

N25.84070, W097.38863

River

Rio Grande

Preserve

F

Yes

Hidalgo

N26.29286, W098.13398

Pond

Edinburg Wetlands

City Park

G

Yes

Hidalgo

N26.17882, W098.38714

Resaca

Bentsen-Rio Grande

State Park

H

**

Hidalgo

N26.16792, W098.37992

Resaca

Bentsen-Rio Grande

State Park

I

Yes

Hidalgo

N26.18517, W098.37948

Canal

Bentsen-Rio Grande

State Park

J

Yes

Hidalgo

N26.14711, W097.98901

Pond

Frontera Audubon

Preserve

K

Yes

Hidalgo

N26.07840, W098.13047

Pond

Santa Ana

L

**

Hidalgo

N26.07390, W098.15336

Pond

Santa Ana

M

**

Hidalgo

N26.06833, W098.13741

River

Santa Ana

N

Yes

Willacy

N26.45587, W097.76271

Pond

Frank Quintero

National Wildlife
Refuge
National Wildlife
Refuge
National Wildlife
Refuge
Cattle pasture

O

Yes

Willacy

N26.45218, W097.77656

Pond

Public

Agricultural

P

Yes

Willacy

N26.43910, W097.61353

Canal

Public

Pasture

Q

Yes

Willacy

N26.35752, W097.58618

Canal

Public

Agricultural

*Coordinates are in decimal degrees using the WGS 84 datum
** Sites Trapped in proximal 2008 sites
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Figure 8. Turtle trap locations in Cameron County based on Brown (2008). Trapping
effort at 2 different Cameron County locations was replicated in late spring 2009. The
majority of the Cameron County trapping effort was performed at Southmost Preserve
(Site B-E).
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Figure 9. Turtle trap locations in Hidalgo County based on Brown (2008). Trapping
effort of the 4 Hidalgo County 2008 locations was replicated in late spring 2009. The
majority of the trapping effort occurred at Edinburg Wetlands (Site F). Other sites
consisted of Bentsen-Rio Grande State Park (Site H-I), Frontera Audubon (Site J), and
Santa Ana NWR (Sites K-M).
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Figure 10. Turtle trap locations in Willacy County based on Brown (2008). Trapping
effort of the 4 Willacy County 2008 locations was replicated in late spring 2009. Sites
consisted of a private (Site N) and public water bodies.

Trap Site Relocation Methods
Due to increased water availability and manpower, the 2009 replicate of the
Grosmaire 1976 study had greater correspondence to original 1976 trap sites than Brown
(2008). When trap site relocation was required, Brown (2008) selected sites based on
suitable locations with little relocation proximal to the original sites, resulting in
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relocations up to 41 km from the original location. Drought conditions required Brown
(2008) to relocate sites in all 3 counties, often changing the number of trap sites within
the county and trapping efforts at a site. My 2009 replication used only original trapping
sites in Cameron and Hidalgo counties. Fifty percent of trap sites in Willacy County
required relocation in 2009, the maximum distance from original site to relocation site
was 6.72 km with all others < 5 km of the original site (Fig. 11-13).

Figure 11. Comparison of Cameron County trap locations of Grosmaire (1977) and
Brown (2008). In 2008, Brown‟s replication of Grosmaire‟s study required relocation of
all trap sites. The majority of Grosmaire‟s Cameron County trapping occurred in Laguna
Atascosa NWR. Brown replicated the majority of his trapping effort at water bodies
within the Southmost Preserve, located 41 km from Laguna Atascosa NWR. In 2009, my
study used the original Grosmaire trap locations.
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Figure 12. Comparison of Hidalgo County trap locations of Grosmaire (1977) and
Brown (2008). In 2008, Brown‟s replication of Grosmaire‟s study allotted trapping of 2
original sites. The majority of Grosmaire‟s Hidalgo County trapping effort occurred in
Santa Ana NWR. Brown replicated the majority of his trapping effort within Edinburg
Wetlands, located 22 km from Santa Ana NWR. In 2009, my study used the original
Grosmaire trap locations.

2008

2009

Figure 13. Comparison of Willacy County trap locations of Grosmaire (1977), Brown (2008), with my 2009 study. In 2008,
Brown‟s replication of Grosmaire‟s study allotted trapping 2 of the original 18 trapping locations. In comparison, trapping effort
during my study in 2009 used 9 of Grosmaire‟s trap sites and the 9 remaining sites occurred in several water bodies to mimic
Grosmaire‟s spread of trapping area and keeping all but 1 site within 5 km of the original site.

27

28
Turtle Trapping Methods
I conducted trapping of freshwater turtles with 76.2 cm diameter fiberglass singlethroated hoop nets baited with canned fish, fresh fish, or shrimp placed in containers that
protected bait from being eaten by animals entering the trap. This method was chosen to
replicate the 76.2 cm diameter double-throated steel hoop nets baited with fresh fish and
beef scraps to trap turtles in 1976 by Grosmaire (1977). Brown‟s 2008 study used a
mixture of the original double-throated hoop nets supplemented with single-throated
hoop nets. Traps were checked for turtles after 24 h or when traps were removed from the
water, whichever came first.

Data Collection
Measurement data collected in all studies included carapace length, carapace
width, plastron length, body depth and weight. Length measurements accurate to 1.0 mm
were taken using Haglof® tree calipers (Haglof, Madison, MS). Weight measurements
were taken using Pesola® precision scales (Pesola, Baar, Switzerland) accurate to 20 g.
For individuals weighing more than 2,500 g, a portable scale accurate to 100 g was used.
In all studies, sex was determined using secondary sexual characteristics. Adult
male red-eared sliders have the pre-cloacal portion of the tail extending beyond the edge
of the carapace (Gibbons and Lovich 1990). The pre-cloacal portion of the tail of male
Texas spiny softshells was also substantially longer (Conant and Collins 1998). Redeared sliders were classified as juveniles if the plastron length was < 100 mm and < 160
mm for males and females, respectively (Gibbons and Greene 1990). Texas spiny
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softshells were classified as juveniles if the plastron length was < 88 mm and < 160 mm
for males and females, respectively (Webb 1962).
Red-eared sliders and yellow mud turtles (Kinosternon flavescens flavescens)
were individually marked by notching the marginal scutes of the carapace (Cagle 1939)
using an electric Dremel® tool (Dremel, Racine, Wisconsin) (Fig. 14). Texas spiny
softshells (Apalone spinifera emoryi) were individually marked by imprinting individual
numbers into the posterior of the carapace using the Dremel®.

Figure 14. Diagram showing the numbering system used to mark the carapace of
turtles. For example, a turtle marked 1,286 would be notched 1000, 200, 70, 10, 4, and 2.

Statistical Analysis
First, data were partitioned by study and analyzed as either part of the long-term
change study involving data from Grosmaire in 1976 and repetition of his trapping effort
in 2009 and the short-term change study involving data from Brown in 2008 and the
repetition of his trapping effort in 2009. Finally, all data were used to compare the 3 years
of study. Only turtles captured in hoop nets were used in analysis. Comparisons of mean
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capture rates, age class structure, adult sex-ratios, and adult male and female mean
carapace lengths were analyzed. Furthermore, all comparisons were divided into separate
species.
I inferred relative abundance of turtles by creating a ratio of the number of
captures per trap day as a measure of capture-per-unit-effort (Gamble and Simons 2003,
Steen and Gibbs 2004). These ratios were used to compare mean capture rates with ttests. Assumptions of equal variances were tested by F-ratios (Fowler et al. 1998). When
I found variances approximately equal (P ≥ 0.05), I compared means using an unequal
variance t-test because this test performs as well as the Student‟s t tests when variances
are equal (Moser and Stevens 1992, Ruxton 2006). If variances were unequal (P < 0.05),
normalization was attempted by data transformation (Fowler et al. 1998). If I could not
normalize data, means were compared using randomization tests. Using 10,000
permutations, this test generates all possible test statistics including the realized test
statistic. The probability of obtaining a test statistic as great as or greater than the realized
test statistic is equal to the proportion of permutations equal to or more extreme than the
difference between two means (Mielke and Berry 1994). Means are reported with
standard deviations.
I compared sex-ratios and ratios of juveniles to adults using a chi-square goodness
of fit test with Yates correction factor (Fowler et al. 1998), using sex and age ratios
determined from Grosmaire‟s and Brown‟s data (Grosmaire 1977, Brown 2008) as the
expected ratios.
Carapace length (representing the total length of an individual turtle) was used to
compare differences in the physical size of turtles. Carapace length and plastron length
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are highly correlated (Gibbons and Lovich 1990) with carapace length used as the total
length of an individual. I used the same method to analyze comparisons of mean carapace
length as capture rates for comparisons to data from Grosmaire (1976). For comparison to
Brown (2008), I used 2-way crossed analysis of variance (ANOVA) to compare the mean
carapace lengths across years, counties, and among years within counties (Fowler et al.
1998, Rao 1998). Assumptions of normality were checked through q-q plots and equal
variances through residual plots (Rao 1998). If assumptions were unmet normalization
was attempted by data transformation (Fowler et al. 1998). Significant factors were
evaluated by a Tukey‟s test with 95% confidence interval pairwise comparisons with
correction for unbalanced population sizes (Vaughan and Corballis 1969) to determine
levels with means that differ significantly (Fowler et al. 1998). This reduces the chance of
Type I error that becomes inflated when conducting multisample t-tests (Rao 1998). All
statistical analyses were performed using Excel® 2007 (Microsoft, Redmond, WA), and R
2.9.2 (The R Foundation for Statistical Computing, Vienna, Austria).
Only adults were used in sex-ratio and mean carapace length comparisons. For
comparisons of capture rates, all individuals captured in traps were included in the
analyses. This required removing several turtles from the Grosmaire (1977) study
previously used by Brown (2008) that were captured by other methods.

CHAPTER IV

GROSMAIRE REPLICATION STUDY RESULTS

Capture Total
The 2009 replication of the Grosmaire (1977) study yielded capture of 2 red-eared
sliders and 1 Texas spiny softshell in 290 trap days in Cameron County, 3 red-eared
sliders and 1 yellow mud turtle in 605 trap days in Hidalgo County, and 71 red-eared
sliders, 33 Texas spiny softshells, and 2 yellow mud turtles in 250 trap days in Willacy
County. Total captures for the 3 counties, included a total of 76 red-eared sliders, 34
Texas spiny softshells, and 3 yellow mud turtles in 1,145 traps days (Tables 3 and 4).
In 1976, Grosmaire (1977) captured 16 red-eared sliders, 5 Texas spiny softshells,
and 2 yellow mud turtles in 290 trap days in Cameron County, 276 red-eared sliders and
21 Texas spiny softshells in 605 traps days in Hidalgo County, and 39 red-eared sliders,
23 Texas spiny softshells, and 2 yellow mud turtles in 250 trap days in Willacy County.
The overall total for all 3 counties was 331 red-eared sliders, 49 Texas spiny softshells,
and 4 yellow mud turtles captured in 1,145 trap days (Table 3 and 4).
I was unable to normalize these data for a comparison of 1976 captures rates of
red-eared sliders to those of 2009 (F55,28 = 26.11, P < 0.001). Using a randomization test,
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the capture rates were not significantly different between 1976 and 2009 (P = 0.10; Table
5). Using a t-test assuming unequal variances to compare Texas spiny softshells capture
rates (F55,28 = 0.89, P = 0.32), the capture rates were not significantly different between
the years (t46 = 0.10, P = 0.92; Table 5).

Table 3. Trapping effort and number of freshwater turtles captured in Cameron,
Hidalgo, and Willacy counties in the summers of 1976 and 2009. Counts include
turtles found in traps only.
County

Trap Days
1976* 2009

Cameron
Hidalgo
Willacy
Total

290
605
250
1145

290
605
250
1145

Red-eared sliders Texas spiny softshells
1976 2009
1976 2009
16
276
39
331

2
3
71
76

5
21
23
49

1
0
33
34

* Trapping days estimated based on 1976 datasheets and number of traps possessed.

Yellow mud turtles
1976 2009
2
0
2
4

0
1
2
3
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Table 4. Comparison of number of turtles captured site by site between 1976 and
2009. Counts include red-eared sliders and Texas spiny softshells.

Sites
Site 1
Site 2
Site 3
Site 4
Site 5
Site 6
Site 7
Site 8
Site 9
Site 10
Site 11
Site 12
Site 13
Site 14
Site 15
Site 16
Site 17
Site 18
Site 19
Site 20
Site 21
Site 22
Site 23
Site 24

County
Cameron
Cameron
Cameron
Hidalgo
Hidalgo
Hidalgo
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy
Willacy

Trap
1976
0
21
0
0
25
272
9
0
0
1
8
12
0
20
1
0
0
0
10
0
0
0
1
0

Year
2009
1
0
2
0
0
3
2
7*
0*
11
17
0*
0
3*
19
1*
0
8*
19
13
0*
2*
0
2

Title
Public
Laguna Atascosa
Arroyo Colorado
Public
Bentsen-Rio Grande
Santa Ana
Public
Private
Public
Private
Frank Quintero
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Private
Private
Arroyo Colorado

Land-use
Agricultural
NWR
Industrial
Agricultural
State Park
NWR
Undeveloped
Cattle pasture
Agricultural
Agricultural
Cattle pasture
Agricultural
Agricultural
Agricultural
Agricultural
Agricultural
Agricultural
Agricultural
Agricultural
Agricultural
Agricultural
Cattle pasture
Residential
Residential

* Captures at replacement sites.

Age Class Structure
The 2009 age class ratio of juveniles to adults for red-eared slider captures was
1:3.53 and 1:3.75 for Texas spiny softshell captures. In 1976 the age class ratio of
juveniles to adults for red-eared sliders was 1:9.74 and 1:6 for Texas spiny softshells.
Comparisons of age class structure ratios of red-eared sliders between 1976 and
2009 was significantly adult biased in 1976 (12 = 13.4, P < 0.005; Table 5). The age
structure ratios of Texas spiny softshells were not significantly different between the
years (12 = 0.92, 0.10 < P < 0.90; Table 5).
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Sex-ratio
The 2009 adult sex-ratio of red-eared slider captures for Cameron County was 1:1
(male:female), 1:0.5 (male:female) in Hidalgo County, and 1:1.55 (male:female) in
Willacy County. The overall sex-ratio for red-eared slider adult captures in 2009 was
1:1.44 (male:female) and 1:1.48 (male:female) for Texas spiny softshell adult captures.
The 1976 adult sex-ratio of red-eared slider captures for Cameron County was
1:2.67 (male:female), 1:0.95 (male:female) in Hidalgo County, and 1:1.56 (male:female)
in Willacy County. The overall sex-ratio for red-eared slider adult captures in 1976 was
1:1.05 (male:female) and 1:0.86 (male:female) for Texas spiny softshells adult captures.
The sex-ratios were not significantly different between the 2 years in Cameron
County (12 = 0.005, 0.90 < P < 0.95), Hidalgo County (12 = 0.002, P > 0.95), or
Willacy County (12 = 0.009, 0.90 < P < 0.95). The overall red-eared slider adult capture
sex-ratios were not significantly different between the years (12 = 1.21, 0.10 < P < 0.90;
Table 5). The Texas spiny softshells adult sex-ratios were not significantly different
between years (12 = 1.92, 0.10 < P < 0.90; Table 5).

Mean Carapace Length
In 2009, the carapace length for the only adult red-eared slider male captured in
Cameron County was 198 mm and 213 mm for the only female captured. In Hidalgo
County, the mean carapace length for the 2 red-eared slider males captured in 2009 was
169 ± 53.74 mm and 191 mm for the only female captured. In Willacy County, the mean
carapace length for red-eared slider males was 156.91 ± 38.39 mm and for females was
218.06 ± 20.19 mm. The mean carapace length for all adult red-eared sliders captured in
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2009 was 159.52 ± 38.54 mm for males and 217.17 ± 20.13 mm for females. The mean
carapace length for all adult Texas spiny softshells was 150.3 ± 10.49 mm for males and
251.3 ± 51.2 mm for females.
In 1976, the mean carapace length of adult red-eared slider males was 171 ± 40.51
mm and for females was 224.75 ± 11.49 mm in Cameron County. In Hidalgo County, the
mean carapace length of adult red-eared slider males was 156.8 ± 22.81 mm and for
females was 199.88 ± 17.03 mm. In Willacy County, the mean carapace length of adult
red-eared slider males was 166.63 ± 25.1 mm and for females was 211.32 ± 25.29 mm.
The mean carapace length of all adult red-eared sliders capture in 1976 was 158.16 ±
23.5 mm for males and 203.21 ± 19.37 mm for females. The mean carapace length of all
adult Texas spiny softshells was 166.86 ± 14.5 mm for males and 300.53 ± 35.34 mm for
females.
Due to the lack of 2009 captures of red-eared sliders in Cameron and Hidalgo
counties, I could not compare carapace length differences between 1976 and 2009. I
could not normalize the data for Willacy County adult red-eared slider males (F146,24 =
0.37, P < 0.001), therefore using a randomization test, the mean carapace length for adult
males was not significantly different between years (P = 0.82). The mean carapace length
for Willacy County adult red-eared slider females (t45 = -1.1, P = 0.28) was not
significantly different between years.
I could not normalize data for total captures of adult red-eared slider males (F146,24
= 0.37, P < 0.001), therefore using a randomization test, the mean carapace length for
adult males was not significantly different between years (P = 0.82; Fig. 15). The mean
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carapace length for adult red-eared slider females (t51 = -3.78, P < 0.001) was
significantly larger in 2009 than 1976 (Fig. 15).

Figure 15. Comparison of the mean carapace lengths of adult male and female redeared sliders between 1976 and 2009. The mean adult male carapace length (158.16 ±
23.5 mm) of 1976 did not differ significantly (P = 0.82) from mean adult male carapace
length (159.52 ± 38.54 mm) of 2009. The mean adult female carapace length (203.21 ±
19.37 mm) of 1976 was significantly smaller (P < 0.001) than mean adult female
carapace length (217.17 ± 20.13 mm) of 2009.

The mean carapace length for adult Texas spiny softshell was significantly
smaller in 2009 than 1976 for males (t38 = 4.27, P = 0.001; Fig. 16, Table 5) and females
(t14 = 2.76, P = 0.02; Fig. 16, Table 5).
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Figure 16. Comparison of the mean carapace lengths of adult male and female
Texas spiny softshells between 1976 and 2009. The mean male carapace length (166.86
± 14.5 mm) of 1976 was significantly larger (P = 0.001) from mean male carapace length
(150.3 ± 10.49 mm) of 2009. The mean adult female carapace length (300.53 ± 35.34
mm) of 1976 was significantly larger (P = 0.02) than mean adult female carapace length
(251.3 ± 51.2 mm) of 2009.
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Table 5. Comparison of results from 1976 and 2009 trapping efforts for freshwater
turtles. Statistical analyses results from pooled data of Cameron, Hidalgo, and Willacy
counties for the individual species. Analysis was not completed on yellow mud turtles
due to a lack of captures.

Red-eared sliders
Total Captures
Age class ratios*
Overall Sex-ratios
Mean Adult Carapace Length
Male
Female
Texas spiny softshells
Total Captures
Age class ratios*
Overall Sex-ratios
Mean Adult Carapace Length
Male
Female
Yellow mud turtles
Total Captures
* presented juvenile:adult
 presented male:female


1976

2009

P value

331
1:9.74
1:1.05

78
1:3.53
1:1.44

0.10
< 0.005
0.10 < P < 0.90

158.16 ± 23.5 mm
203.21 ± 19.37 mm

159.52 ± 38.54 mm
217.17 ± 20.13 mm

0.82
< 0.001

49
1:6.00
1:0.86

34
1:3.75
1:1.48

0.92
0.10 < P < 0.90
0.10 < P < 0.90

166.86 ± 14.5 mm
300.53 ± 35.34 mm

150.30 ± 10.49 mm
251.30 ± 51.20 mm

0.001
0.02

4

3

-

CHAPTER V

BROWN REPLICATION STUDY RESULTS

Capture Total
The 2009 replication of the Brown (2008) study yielded the capture of 40 redeared sliders and 3 Texas spiny softshells in 411 traps day in Cameron County, 33 redeared sliders and 18 Texas spiny softshells in 780 trap days in Hidalgo County, and 60
red-eared sliders and 3 Texas spiny softshells in 125 trap day in Willacy County. Total
captures of the 3 counties was 133 red-eared sliders and 24 Texas spiny softshells in
1,316 traps days (Table 6 and 7). The capture of a common snapping turtle in Hidalgo
County produced a record of a range expansion (Dickerson et al. 2009).
In 2008, Brown captured 98 red-eared sliders, 12 Texas spiny softshells, and 1
yellow mud turtle in 361 trap days in Cameron County, 109 red-eared sliders and 37
Texas spiny softshells in 698 trap days in Hidalgo County, and 49 red-eared sliders, 5
Texas spiny softshells, and 2 yellow mud turtles in 120 trap days within Willacy County.
The overall total for all 3 counties was 256 red-eared sliders, 54 Texas spiny softshells,
and 3 yellow mud turtles captured in 2008 in 1,179 trap days (Table 6 and7).
I was unable to normalize theses data for a comparison of 2008 capture rates of
red-eared sliders to those of 2009 (F33,25 = 5.23, P <0.001), therefore using a
40
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randomization test, capture rates were significantly decreased in 2009 (P = 0.02; Table
8). I was unable to normalize the data for comparison of Texas spiny softshells between
years (F16,9 = 0.04, P > 0.01), therefore using a randomization test, the capture rates were
significantly decreased in 2009 (P = 0.05; Table 8).

Table 6. Trapping effort and number of freshwater turtles captured in Cameron,
Hidalgo, and Willacy counties in the summers of 2008 and 2009. Counts include
turtles found in hoop net traps only. Not included in table is a common snapping turtle
caught in Hidalgo County in 2009.

County

Trap Days
2008
2009

Red-eared sliders
2008
2009

TX spiny softshells
2008
2009

Yellow mud turtles
2008 2009

Cameron

361

411

98

40

12

3

1

0

Hidalgo

698

780

109

33

37

18

0

0

Willacy
Total

120
1179

125
1316

49
256

60
133

5
54

3
24

2
3

0
0

Table 7. Comparison of number of turtles captured site by site between 2008 and
2009. Counts include red-eared sliders and Texas spiny softshells.
Trap
Sites
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q

County
Cameron
Cameron
Cameron
Cameron
Cameron
Hidalgo
Hidalgo
Hidalgo
Hidalgo
Hidalgo
Hidalgo
Hidalgo
Hidalgo
Willacy
Willacy
Willacy
Willacy

2008
12
87
+
4
7
125
0
1
0
8
5
0
7
36
2
13
3

+ turtles not designated to this location
* Captures at replacement sites.

Year
2009
6
37
*
0
0
43
0
*
*
7
1
*
*
17
19
26
1

Title
Abbott Reservoir
Southmost Preserve
Southmost Preserve
Rio Grande
Rio Grande
Edinburg Wetlands
Bentsen-Rio Grande
Bentsen-Rio Grande
Bentsen-Rio Grande
Frontera Audubon
Santa Ana
Santa Ana
Santa Ana
Frank Quintero
Public
Public
Public

Land-use
Agricultural
Preserve
Preserve
Preserve
Preserve
City Park
State Park
State Park
State Park
Preserve
National Wildlife Refuge
National Wildlife Refuge
National Wildlife Refuge
Cattle pasture
Agricultural
Pasture
Agricultural
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Age Class Structure
The 2009 age class ratio of juveniles to adults for red-eared slider captures was
1:1.57 and 1:3.8 for Texas spiny softshell captures. In 2008, the age class ratio of
juveniles to adults for red-eared sliders was 1:5.1 and 1:4.4 for Texas spiny softshells.
Comparison of age class structure ratios of red-eared sliders between 2008 and
2009 were significantly less adult biased in 2009 (12 = 49.2, P < 0.001; Table 8). The
age class ratios of Texas spiny softshells were not significantly different between the
years (12 = 0.0001, P > 0.95; Table 8).

Sex-ratio
The 2009 adult sex-ratio of red-eared slider captures for Cameron County was
1:0.64 (male:female), 1:1.15 (male:female) in Hidalgo County, and 1:1.27 (male:female)
in Willacy County. The sex-ratio for overall red-eared slider adult captures in 2009 was
1:1.02 (male:female) and for Texas spiny softshells was 1:1.11 (male:female).
The 2008 adult sex-ratio of red-eared slider captures for Cameron County was
1:1.47 (male:female) 1:1.1 (male:female) in Hidalgo County, 1:1 (male:female) in
Willacy County. The sex-ratio for overall red-eared slider adult captures in 2008 was
1:1.20 (male:female) and for Texas spiny softshells was 1:0.34 (male:female).
The sex-ratios were not significantly different between years in Cameron County
(12 = 3.16, 0.05 < P < 0.10), Hidalgo County (12 = 0.004, P = 0.95), or Willacy County
(12 = 0.26, 0.10 < P < 0.90; Table 8). For overall red-eared slider adult captures the sexratios were not significantly different between years (12 = 0.41, 0.10 < P < 0.90; Table
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8). The Texas spiny softshell sex-ratios were significantly more female biased in 2009
than 2008 (12 = 5.95, P < 0.05; Table 8).
Mean Carapace Length
The mean carapace length for adult red-eared slider males captured in Cameron
County in 2009 was 147.43 ± 38.87 mm and 228.89 ± 21.9 mm for females. In Hidalgo
County, the mean carapace length for red-eared slider males captured in 2009 was 138.08
± 18.43 mm and for females was 222.27 ± 24.89 mm. In Willacy County, the mean
carapace length for red-eared slider males was 149.53 ± 29.21 mm and for females was
213.11 ± 15.18 mm. The mean carapace length for all adult red-eared slider males
captured in 2009 was 145.29 ± 29.91 mm and for females was 219.6 ± 20.9 mm. The
mean carapace length for all adult Texas spiny softshell males was 172.78 ± 19.51 mm
and for females was 299.6 ± 79.43 mm.
The mean carapace length of adult red-eared slider males in Cameron County in
2008 was 159.84 ± 28.75 mm and 216.83 ± 18.77 mm for females. In Hidalgo County,
the mean carapace length of adult red-eared slider males was 169.49 ± 29.1 mm and for
females was 227.93 ± 25.16 mm. In Willacy County, the mean carapace length of adult
red-eared slider males was 161.29 ± 26.57 mm and for females was 217.24 ± 23.97 mm.
The mean carapace length of all adult red-eared sliders captured in 2008 was 164.32 ±
28.48 mm for males and 221.27 ± 22.89 mm for females. The mean carapace length of all
Texas spiny softshells in 2008 was 169.03 ± 18.32 mm for males and 360.81 ± 51.57 mm
for females.
Comparisons of data for male red-eared sliders between 2008 and 2009 failed to
meet the assumption of normality in residual plots. County-wise t-tests determined no
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difference between the years in mean carapace lengths of adult males in Cameron or
Willacy counties (t19 = 1.07, P =0.3, t28 = 1.24, P = 0.23), but significantly smaller in
Hidalgo County in 2009 than 2008 (t28 = 4.24, P < 0.001) after square root
transformation to normalize the data (F39,12 = 2.18, P = 0.07). The overall mean adult
male carapace length was significantly smaller in 2009 than 2008 (t76 = 3.47, P < 0.001;
Fig. 17, Table 8).
Comparisons through 2 factor crossed ANOVAs showed the mean carapace
length of adult red-eared slider females showed no significant differences between years
(P = 0.14; Fig. 17, Table 8) or counties within years (P = 0.27). The comparison showed
that the collective mean carapace length of Hidalgo County was significantly larger than
Willacy County adult females (P = 0.04) for both years.

Figure 17. Comparison of the mean carapace lengths of adult male and female redeared sliders between 2008 and 2009. The mean adult male carapace length (164.32 ±
28.48 mm) of 2008 was significantly larger (P < 0.001) from mean adult male carapace
length (145.29 ± 29.91 mm) of 2009. The mean adult female carapace length (221.27 ±
22.89 mm) of 2008 did not significantly differ (P = 0.14) from mean adult female
carapace length (219.6 ± 20.9 mm) of 2009.
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I compared the mean carapace length of Texas spiny softshell adult males (F31,8 =
0.88, P = 0.37) and adult females (F10,9 = 0.42, P = 0.09) using a t-test assuming unequal
variances. The mean carapace length for adult males was not significantly different
between years (t12 = -0.52, P = 0.62; Fig. 18, Table 8). The mean carapace length for
adult females was smaller in 2009 than 2008 but was not significantly different with a
95% confidence interval (t04 = 2.07, P = 0.06; Fig. 18, Table 8).

Figure 18. Comparison of the mean carapace lengths of adult male and female
Texas spiny softshells between 2008 and 2009. The mean adult male carapace length
(169.03 ± 18.32 mm) of 2008 was significantly larger (P < 0.001) from the mean adult
male carapace length (172.78 ± 19.51 mm) of 2009. The mean adult female carapace
length (360.81 ± 51.57 mm) of 2008 did not significantly differ (P = 0.06) from the mean
adult female carapace length (299.6 ± 79.43 mm) of 2009.
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Table 8. Comparison of results from 2008 and 2009 trapping efforts for freshwater
turtles. Statistical analyses results from pooled data of Cameron, Hidalgo, and Willacy
counties for the individual species. Analysis was not completed on yellow mud turtles
due to a lack of captures.

Red-eared sliders
Total Captures
Age class ratios*
Overall Sex-ratios
Mean Adult Carapace Length
Male
Female
Texas spiny softshells
Total Captures
Age class ratios*
Overall Sex-ratios
Mean Adult Carapace Length
Male
Female
Yellow mud turtles
Total Captures
* presented juvenile:adult
 presented male:female

2008

2009

P value

256
1:5.1
1:1.2

133
1:1.57
1:1.02

0.02
< 0.001
0.10 < P < 0.90

164.32 ± 28.48 mm

145.29 ± 29.91 mm

< 0.001

221.27 ± 22.89 mm

219.6 ± 20.90 mm

0.14

54
1:4.40
1:0.34

24
1:3.80
1:1.11

0.05
> 0.95
< 0.05

169.03 ± 18.32 mm

172.78 ± 19.51 mm

0.62

360.81 ± 51.57 mm

299.60 ± 79.43 mm

0.06

3

0

-

CHAPTER VI

COMPLETE DATA COMPARISON RESULTS

Capture Total Comparisons of all 3 Years
Comparing 1976, 2008, and 2009 capture rate data of red-eared sliders (Table 9),
I failed to meet the assumption of normality in residual plots for an ANOVA test and
therefore I completed analysis by year-wise comparisons. I was unable to normalize the
data for comparisons of 1976 to 2009 (F55,35 = 76.72, P <0.001), 1976 to 2008 (F55,33
=7.35, P < 0.001), or 2008 to 2009 (F33,35 = 10.42, P <0.001). Using a randomization test,
the capture rate of 1976 was not significantly greater than 2009 (P = 0.09) or 2008 (P =
0.63). Finally the capture rate of 2008 was significantly greater than 2009 (P = 0.0002;
Table 9).
Comparing 1976, 2008, and 2009 capture rate data of Texas spiny softshells
(Table 9), I failed to meet the assumption of normality in residual plots for an ANOVA
test, and therefore, I completed analysis by year-wise comparisons. I was unable to
normalize the data for comparison of 1976 to 2009 (F55,35 = 1.82, P = 0.03) or 1976 to
2008 (F55,33 =2.81, P = 0.001). Using a randomization test, the capture rate of 1976 was
not different from 2009 (P = 0.54) or 2008 (P = 0.98). An unequal variances t-test
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comparison of 2008 to 2009 show no difference in capture rates (F33,35 = 0.64, P = 0.11,
t66 = 0.72, P =0.47; Table 9).

Age Class Structure Comparisons of all 3 Years
Comparing 1976, 2008, and 2009 data, age class ratios of juvenile to adult redeared sliders were significantly different between all years with adult bias decreasing
through time (Table 9); 1976 to 2008 (12 = 14.4, P < 0.005), 1976 to 2009 (12 = 117.9,
P < 0.005), and 2008 to 2009 (12 = 35.2, P < 0.005).
The age class ratio of juvenile to adult Texas spiny softshell captures were not
significantly different between the years (Table 9); 1976 to 2008 (12 = 0.48, 0.10 < P <
0.90), 1976 to 2009 (12 = 1.69, 0.10 < P < 0.90), and 2008 to 2009 (12 = 0.23, 0.10 < P
< 0.90).

Sex-ratio Comparisons of all 3 Years
Comparing 1976, 2008, and 2009 data, the adult sex-ratios of red-eared slider
were not significantly different between the years (Table 9); 1976 to 2008 (12 = 0.85,
0.10 < P < 0.90), 1976 to 2009 (12 = 0.0002, P > 0.95), and 2008 to 2009 (12 = 0.33,
0.10 < P < 0.90).
The sex-ratios of Texas spiny softshell captures were significantly biased towards
females in 1976 compared to 2008 (12 = 7.51, P < 0.01) and not different from1976 to
2009 (12 = 1.28, 0.10 < P < 0.90) and 2008 to 2009 (12 = 3.35, 0.05 < P < 0.10).
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Mean Carapace Length Comparisons of all 3 Years
Comparing 1976, 2008, and 2009 mean carapace lengths (Table 9) by ANOVA
showed the red-eared slider mean carapace length of adult males was significantly larger
during the 2008 study versus 1976 and 2009 (P = 0.01; Fig. 19). Data for female redeared sliders failed to meet the assumption of normality in residual plots, but was
normalized through log transformation. Comparison by ANOVA showed the mean
carapace length of adult females significantly smaller during the 1976 study versus 2008
and 2009 (P <0.001; Fig. 19).

Figure 19. Comparison of the mean carapace lengths of adult male and female redeared sliders for 1976, 2008, and 2009. The mean adult male carapace length (164.32 ±
28.48 mm) of 2008 was significantly larger (P = 0.01) from mean adult male carapace
length (158.16 ± 23.5 mm) of 1976 and (145.29 ± 29.91 mm) of 2009. The mean adult
female carapace length (203.21 ± 19.37 mm) of 1976 was significantly smaller (P <
0.001) than means (221.27 ± 22.89 mm) of 2008 and (220.62 ± 20.89 mm) of 2009.

Comparison by ANOVA showed the Texas spiny softshell mean carapace length
of adult males was significantly larger in 2008 than 2009 (P = 0.02; Fig. 20) and mean
carapace length of adult females was significantly larger in 2008 than 1976 and 2009 (P
= 0.001; Fig. 20).
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Figure 20. Comparison of the mean carapace lengths of adult male and female
Texas spiny softshells between 1976, 2008, and 2009. The mean adult male carapace
length (169.03 ± 18.32 mm) of 2008 was significantly larger (P < 0.001) from the mean
adult male carapace length (158.04 ± 17.98 mm) of 2009. The mean adult female
carapace length (360.81 ± 51.57 mm) of 2008 was significantly larger (P = 0.06) from the
mean adult female carapace length (300.53 ± 35.34 mm) of 1976 and (286.88 ± 69.05
mm) of 2009.
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Table 9. Comparison of collective trapping efforts of freshwater turtles from 1976,
2008, and 2009. Statistical analyses results from pooled data of Cameron, Hidalgo, and
Willacy counties for the individual species. Analysis was not completed on yellow mud
turtles due to a lack of captures.

Red-eared sliders
Total Captures
Age class ratios*
Overall Sex-ratios
Mean Adult Carapace Length
Male
Female
Texas spiny softshells
Total Captures
Age class ratios*
Overall Sex-ratios
Mean Adult Carapace Length
Male
Female

1976

2008

2009

331
1:9.74
1:1.05

256
1:5.1
1:1.2

180
1:2.03
1:1.07

158.16 ± 23.5 mm
203.21 ± 19.37 mm

164.32 ± 28.48 mm
221.27 ± 22.89 mm

151.78 ± 34.04 mm
220.62 ± 20.89 mm

49
1:6.0
1:0.9

54
1:4.4
1:0.3

55
1:3.58
1:0.62

166.86 ± 14.5 mm
300.53 ± 35.34 mm

169.03 ± 18.32 mm
360.81 ± 51.57 mm

158.04 ± 17.98 mm
286.88 ± 69.05 mm

Yellow mud turtles
Total Captures

4

3

3

* presented juvenile:adult
 presented male:female

Sites Repeated all 3 Years
Four sites were repeated in all 3 studies without relocation. Small sample sizes
removed ability to compare demographic differences. Two Hidalgo County sites showed
a long-term decrease in abundance from 1976 to 2008 and 2009. Two Willacy County
sites increased from 1976 to 2008 and 2009.
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Table 10. Capture quantities of 4 original 1976 study sites repeated in 2008 and
2009. Counts include red-eared sliders and Texas spiny softshells.
Trap Days

Captures

County

Site No.

Title

1976*

2008

1976

2008

2009

Hidalgo
Hidalgo
Willacy

5
6
11

Bentsen-Rio Grande State Park
Santa Ana NWR
Private Pond

120
480
20

93
164
25

25
272
4

1
4
36

0
3
23

Willacy

15

Public Pond

10

5

1

2

17

* 2009 trap days equivalent

Figure 21. Capture quantities of 4 original 1976 study sites repeated in 2008 and
2009. Counts include red-eared sliders and Texas spiny softshells.

CHAPTER VII

DISCUSSION

Changes in demographics of a freshwater turtle population can be indicators of
the short-term or long-term status of a population. Size of populations decrease with
change in the sex-ratio, age structure, or mean carapace lengths caused by unsuitable
habitat, increased additive mortality, or selective harvest (Warwick et al. 1990, Burke and
Gibbons 1995, Ashley and Robinson 1996, Close and Seigel 1997, Mitchell and Klemens
2000, Marchand and Litvaitis 2004, Moll and Moll 2004, Gibbs and Steen 2005). If
freshwater turtles are negatively impacted, unlimited harvest with only spatial regulation
could possibly ravage a fragile population.
Biotic forces can also cause a population to change (McAuliffe 1978, Gibbons et
al. 1983, Parker 1984). This study was designed to reduce the effects of temporal and
spatial fluctuations by matching trap days, locations, and seasonality as closely as
possible.
Between the Grosmaire (1977) study and the replication in 2009, no statistically
significant differences were seen in capture rates of red-eared sliders or Texas spiny
softshells. The age class structure of Texas spiny softshells and sex-ratios of either
species did not change significantly. The mean carapace length of adult male red-eared
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sliders did not change. Conversely, age structure of red-eared sliders shifted to less adult
biased. Mean carapace lengths of adult female red-eared sliders increased in 2009 and the
mean carapace lengths for both male and female adult Texas spiny softshells were
reduced.
A significant difference was detected in capture rates of both species between the
Brown 2008 study and its repetition in 2009. The age structure of Texas spiny softshells
remained equivalent along with sex-ratios for red-eared sliders. Mean carapace lengths of
adult female red-eared sliders and for both sexes of Texas spiny softshells did not change.
Alternately, the age structure of red-eared sliders shifted to less adult biased, and sexratios of Texas spiny softshells were female biased. Mean carapace lengths of adult redeared slider males decreased overall.
Capture rate comparisons of the Grosmaire 1976 study (1977) and Brown (2008)
study to the all data collected in 2009 showed a nonsignificant decrease from 1976 to
2008 and 2009 for red-eared slider and no change among any years for Texas spiny
softshells. Red-eared slider sex-ratios remained similar and the mean carapace lengths of
adult male red-eared sliders in 2009 remained equivalent compared to 1976 and females
between 2008 and 2009 only. The age structure of Texas spiny softshells remained
similar throughout the duration of all studies. Texas spiny softshell sex-ratio remained
equivalent only when compared with the complete sample of 2009 and male carapace
means remained similar among 1976 comparisons but from females only between 1976
and 2009. Alternately, capture rates were significantly lesser in 2009 than 2008 for redeared sliders. The age structure of red-eared sliders shifted to decreased adult biased
through years, mean carapace lengths of adult red-eared sliders males were larger in 2008
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than 2009, and mean female carapace lengths were smaller in 1976 than 2008 and 2009.
For Texas spiny softshell sex-ratios were male biased in 1976 than 2008, mean carapace
lengths of males were larger in 2008 than 2009, and females were larger in 2008 than
1976 and 2009.
There was a large difference in the captures of red-eared sliders between 1976 and
2009. Among counties, Cameron County remained similar, Hidalgo County decreased
greatly, and Willacy County increased The Hidalgo County decrease could be an effect of
the substantial turtle harvest reported for this county and increased habitat loss as a
consequence of human population increase and land alteration. The wetland management
procedures at trapping locations in Hidalgo County could be exaggerating the reduced
capture rates by frequent habitat alterations. For example, management practices at Santa
Ana NWR affecting wetlands include water control structures, and a regime of drying,
dicing, mowing, and prescribed burning to maintain and stimulate plant and water
conditions for waterfowl (United States Fish and Wildlife Service 1997) may also be
degrading habitat for turtles in an otherwise rural area and ideal turtle habitat. If water
bodies in this area were utilized by turtles in the same capacity as in 1976 (Grosmaire
1977), the malfunction of the water pump supplying water to Cattail and Willow lakes at
Santa Ana NWR (Appendix A; Site 6) should have simulated drought dispersals and
created an inflated turtle population in Pintail Lake. However, this prediction was not
met, no large population was documented, and I concluded that the management changes
for this protected site resulted in a loss of the turtle fauna sampled by Grosmaire in 1976.
Captures in Cameron County decreased slightly from 1976. While all captures in
the county occurred in Laguna Atascosa NWR in 1976, all captures in 2009 occurred
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elsewhere. This is a further example of a proposed protected water source undergoing
long-term changes that negatively impacted turtle abundance at that site. In spite of the
numerous water bodies present as potential habitat within the refuge, limiting factors to
the turtle populations included deposited saltwater from the hypersaline Laguna Madre
and American alligators (Alligator mississippiensis) as predators of turtles (Bondavalli
and Ulanowicz 1999).
Red-eared slider total captures were slightly higher for Willacy County. This
could be a reflection of the lack of high turtle harvest in this county and potentially fewer
changes as a consequence of less urbanization in this region since 1976 (United States
Census Bureau 1982, 2007, Huang and Fipps 2006.)
There was no significant change in capture rates of Texas spiny softshells.
Captures decreased in Cameron and Hidalgo counties yet increased just like red-eared
sliders in Willacy County. It is difficult to determine if this change is similar to the
change in red-eared sliders because many of the replacement sites included canals that
provide the sandy bottom, riverine habitat typical of softshells (Moll and Moll 2004.)
Based on a comparison of the status of sites in 2008 (Brown 2008) to 2009, there
was substantially more freshwater turtle habitat available in 2009 due to 3 months of
tropical weather systems following the 2008 trapping period. Increased precipitation
(National Oceanic and Atmospheric Administration 2009) and flooding increased water
availability, and turtles disperse to water bodies previously not present and spread the
2008 populations into more water bodies with lower density. This supports predictions
made by Brown in 2008 of exaggerated higher populations seen in the drought period of
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early summer 2008 and the significant decrease of abundance between Brown‟s study
sites in 2008 and 2009.
The design of this study does not allow for determining population densities of
freshwater turtles in the Lower Rio Grande Valley. Comparison of capture-rates as a
measure of capture-per-unit-effort allows only inference of relative abundance changes
between the years (Gamble and Simons 2003). Comparison of 1976, 2008, and all data
from 2009 confirmed that red-eared sliders in the Lower Rio Grande Valley are no longer
present at the levels seen previously in 1976. Due to variances among days trapped, this
difference was not statistically significant at 0.05 but nevertheless very near the boundary
of a 95% confidence interval. The 2008 study occurred during a period of drought that
could cause an overestimation of abundance as freshwater turtles became concentrated in
remaining water bodies (Wygoda 1979, Gibbons et al. 1983, Kennet and Georges 1990,
Brown 2008) while replication in 2009 occurred in a period with precipitation matching
closer to 1976. The continued decrease in captures of freshwater turtles from past
populations to current, even with the inflated abundance in 2008, indicates abiotic factors
are important. Harvest of freshwater turtles and urbanization have both increased in the
area since the 1976 study by Grosmaire (1977) and correspond to reasons for freshwater
turtle loss.
Four sites were replicated in 2008 and 2009 (Table 10, Fig. 21). The 2 sites
replicated in both years in Willacy County had much higher captures in 2009 than 1976.
While 1 site produced approximately equal captures in 2009 as 2008, a public retention
pond had increased captures. While it was possible to trap this pond in 2008, water levels
were low and as water increased after the 2008 study due to increased precipitation, more
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turtles came into the pond. The 2 sites in Hidalgo County trapped in both studies showed
the same decrease in 2008 and 2009 in comparison to the 1976 study (> 95%).
The age class ratios showed a significant increase in juvenile red-eared sliders in
2009 but not Texas spiny softshells. This difference could be explained by the reduction
of adults in the population due to either harvest or mortality during migration and nesting
since 1976 (Marchand and Litvaitis 2004, Moll and Moll 2004). For the short-term study,
migration of older turtles after rainfall the previous year could create a lower adult ratio
in the more permanent water bodies (Gibbons et al. 1983, Parker 1984). This change
would not be reflected in comparisons of carapace length changes because only adults
were used. However, individual size comparisons showed that red-eared sliders of
smaller body size were consistently captured in 2009. This could have been caused by the
tighter woven mesh of new hoop nets used in 2009 compared to traps with looser mesh
used by Grosmaire in 1976 and Brown in 2008.
Sex-ratios did not show a significant difference between 1976 and 2009 for either
species. The temperature dependent changes of sex-ratios towards a female-biased
population because of removal of shade-bearing plants (Moll and Moll 2004) would have
occurred prior to the freshwater turtle population study in 1976 due to the reduction of
the native woodlands of the Lower Rio Grande Valley by land alteration for urbanization
and agriculture use (Tremblay et al. 2005). Since a majority of the 2009 captures from the
long-term study occurred in Willacy County with trapping sites located in rural areas,
detection of the reduction of nesting females from the population from the impact of
automobile traffic would be minimized (Gibbs and Steen 2005, Steen et al. 2006).
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Sex-ratios of red-eared sliders did not show a difference between 2008 and 2009.
Texas spiny softshells showed a significant decrease in the percent of males. It is unclear
why this would be the only instance showing a change in sex-ratio. Reduced numbers of
males at a location could be caused by a greater likelihood of males frequently migrating
to new ponds during wet periods to find new females for mating (Gibbons et al. 1983,
Parker 1984). More likely these changes were exaggerated by the decrease of Texas spiny
softshells captures 2009. Again, data collected in 2008 compared to 1976 showed a
change to male biased sex ratios for Texas spiny softshells in the drought year.
The mean carapace lengths of red-eared sliders increased for males and
significantly increased for females from 1976 to 2009. This may be a consequence of the
majority of captures in 2009 being in Willacy County, the only county in my study
without substantial turtle harvest (Ceballos and Fitzgerald 2004) and therefore removal of
the larger individuals of the population (Close and Seigel 1997, Moll and Moll 2004).
Texas spiny softshells were smaller in 2009 than 1976. Again, a majority of the 2009
captures were located in Willacy County and in canals rather than ponds like 1976
captures. Comparisons between 2008 and 2009 showed no significant change is carapace
lengths for either species. Conversely, the 2 species analyzed in my study are both
generalist species that seem to thrive in polluted water bodies even when other species
become impaired (Mitchell and Klemens 2000, Moll and Moll 2004). The increased
nutrients and reduction of other vertebrates in the highly polluted South Laguna Madre
watershed (United States Environmental Protection Agency 2009) could be creating
instances of increased growth in turtles within the Lower Rio Grande Valley. Varying
nutrients levels could cause an increase in the carapace length of females in Hidalgo
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County. One relocation trapping site selected by Brown in 2008 was a wetland filled by
effluents from the sewage treatment plant of the city of Edinburg. The impact of this
trapping location is seen clearly as the mean carapace lengths were always highest in the
2008 study as compared to 1976 and all 2009 data. Even with these potentially
extenuating factors, the addition of the Brown sites of 2009 still show a significant
decrease in mean carapace length for male red-eared sliders and Texas spiny softshells
from 2008 to 2009. This supports the idea of large males emigrating from permanent
water bodies for new habitat and mates (Gibbons et al. 1983, Parker 1984).

CHAPTER VIII

CONCLUSION

In my study, Cameron and Hidalgo counties, which were heavily harvested for
freshwater turtles and experienced the most habitat alteration from an increase in human
population, showed a decrease in relative turtle abundance over the past 3 decades. The
greatest asset to a freshwater turtle‟s chance of survival in an environment with harvest is
a population large enough to sustain harvest. Study sites for both of these counties were
located in allegedly sanctuary sites that no longer support historical turtle populations.
The remaining county, Willacy County, did not experience the same effects of harvest
and urban habitat alteration. This county‟s turtle abundance increased. Comparisons of
other freshwater turtle demographics and morphological features (i.e., sex-ratio and mean
carapace length) did not indicate negative effects by the human population increase,
habitat changes, and harvest in the Lower Rio Grande Valley. While yearly fluctuations
of turtle populations within a location can occur due to the instability of many ephemeral
water bodies and dispersal of the turtles, the changes still indicate a decrease in the
abundance of turtles long-term.
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Freshwater turtle conservation is crucial to long-term population viability due to
low fecundity, low hatchling success, and delayed maturity (Congdon et al. 1993, Burke
et al. 1994, Congdon et al. 1994). Populations of turtle species in the world have already
been greatly reduced or extirpated because of high harvest (Klemens and Thorbjarnarson
1995, Turtle Conservation Fund 2002, Ceballos and Fitzgerald 2004, Moll and Moll
2004). Heavy harvest of turtles has occurred in Texas, with counties of the Lower Rio
Grande Valley supplying a large portion of the state‟s harvest (Ceballos and Fitzgerald
2004). The high harvest and human population boom of this area could jeopardize the
local freshwater turtle population (Mitchell and Klemens 2000, Turtle Conservation Fund
2002).
Monitoring changes in the demographics of turtle populations can provide
misleading results because of delayed maturity. The generational interval between a turtle
hatchling and the hatching of its offspring can delay a population‟s response to
disturbance (Gibbs and Amato 2000). The age of maturity for female slider turtles is 8
years and 4-5 years for males (Gibbons et al. 1981). It may take nearly a decade to
recognize differences in a population. The lack of data for comparisons of preexploitation or pre-habitat degradation of turtle populations with current populations
poses further complication to the assessment of the wider range of turtle species. Though
the Grosmaire 1976 study provides some baseline data, the 2 counties with marked
harvest in Texas were only sampled at a few locations and did not cover as large an area
as Willacy County (Grosmaire 1977). Finally, as seen in Brown (2008), the concentration
of turtles consequent of drought can influence results of a given single year survey.
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The current plan to protect turtles in the state of Texas (Texas Administrative
Code Title 31 Chapter 65, §65.331) relies on freshwater turtles on public property to
sufficiently maintain the entire turtle population. With 94% of land in Texas privately
owned (Texas Center for Policy Studies 2000), it may be unrealistic to base management
policy on the protection of public land alone as adequate for long-term turtle
conservation. Public lands may not succeed as sanctuaries for turtles. Examples from my
study show 2 large public refuges that lost turtles since 1976 despite protection from
harvest. Thus sanctuaries with explicit management for freshwater turtles or at minimum
management not incompatible with turtles will be required for the spatial harvest theory
to work. This is not likely to be realistic given the many alternative agendas controlling
refuges, impoundments, and other sites across Texas designated as otherwise turtle
source population areas under the current regulations.
In addition, sliders can frequently migrate > 5 km to new locations (Ernst et al.
1994) often in response to unsuitable habitat conditions (Cagle 1950, Gibbons et al.
1983). Consequently, for the Lower Rio Grande Valley, a new barrier is currently being
installed into the landscape of the area. A border fence being constructed by the
Department of Defense‟s Homeland Security (Secure Fence Act of 2006 Public Law 109367) will thwart the ability of adult turtles to migrate north out of the Rio Grande River
and act as source contributor to replenish harvested water bodies. This could be seen as a
benefit as it would limit the movement of adults to harvestable sites, but unfortunately
harvest from the Mexican side of the river is unregulated. Worse, the fence will remove
the Rio Grande as a haven in drought situations common to south Texas (Stahle and
Cleaveland 1988) and increase freshwater turtle deaths by desiccation.
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Monitoring of freshwater turtles in the Lower Rio Grande Valley should continue.
This is indicated by the reduced quantities of turtles seen as opposed to those recorded in
1976 (Grosmaire 1977) in the context of the historical harvest of the area (Ceballos and
Fitzgerald 2004) and the predicted human population increase (Rio Grande Regional
Water Planning Group 2006). Concern about reduced turtle populations may warrant the
need for a new management plan to regulate turtle harvest in Texas. Added quantity
restrictions, with size limits, and female protection during nesting seasons applied to
collectors could reduce harvest impact. While the age structure of turtle populations rely
on a larger proportion of juveniles in the population to offset the high mortality rate,
long-term studies of common snapping turtles indicated that high survival rates are
needed at each life stage (Congdon et al. 1994). Even small increases in the additive
mortality of adults expected from harvest will result in major decreases in the population
from losing the reproductive members of the population (Garber and Burger 1995). The
newly enforced regulations seemed to decrease the collection of reptiles in the state
(Prestridge 2009), but the aforementioned traits of turtles reducing detectability of
demographic changes could result in management of freshwater turtles coming too late to
preserve a species.

APPENDIX A: TRAP-SITE LOCATION PHOTOGRAPHS

Photographs of original and current trap-sites. Photographs are presented as north,
east, south and west, clockwise from top-left. General site descriptions and locations are
given above each photograph set with coordinates given in WGS 84 datum. Sites and
order of listing correspond to 1976 sites in Table 1 and 2008 sites in Table 2.

Site 1: (Cameron County, N26.25166, W097.61370) McCloud Hood Reservoir. Broken
concrete formed banks of public reservoir. The surrounding landscape consisted of
agricultural fields and low density housing.
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Site 2: (Cameron County, N26.22903, W097.34863) Headquarters Pond at Laguna
Atascosa National Wildlife Refuge. The pond was a major trapping site in 1976.

Site 2: (Cameron County: N26.22195, W097.35580) Second pond used for trapping at
Laguna Atascosa National Wildlife Refuge in 2009. Located 0.3 km from first trapping
site.
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Site 3: (Cameron County: N26.19527, W097.60181) Arroyo Colorado. This portion of
the river was upstream from the industrial Port Harlingen. Surrounding land was
residential or unmanaged.

Site 4: (Hidalgo County, N26.27031, W097.96054) Public canal. Canal walls formed of
concrete. The surrounding landscape consisted of agricultural fields and low density
housing.
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Site 5: (Hidalgo County: N26.17882, W098.38714) West resaca at Bentsen-Rio Grande
State Park. This resaca has held water since it was trapped in 1976.

Site 6: (Hidalgo County: N26.07390, W098.15336) Santa Ana National Wildlife Refuge.
Pintail Lake was used as a replacement site within Santa Ana NWR due to a water pump
malfunction which allowed Willow Lake and Cattail Lake to dry during summer 2009.
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Site 6: (Hidalgo County: N26.07405, W098.15327) Santa Ana National Wildlife Refuge.
Cattail Lake was trapped by Grosmaire in 1976. A water pump malfunction only allowed
trapping in September 2009.

Site 6: (Hidalgo County: N26.07944, W098.13927) Santa Ana National Wildlife Refuge.
Willow Lake was trapped by Grosmaire in 1976. A water pump malfunction only
allowed trapping in September 2009.
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Site 7: (Willacy County: N26.50363, W097.48840) Public canal. The site is surrounded
by working and fallow agricultural matrix.

Site 8: (Willacy County: N26.48814, W097.65675) Private pond. The pond was dry in
2009 and surrounded by agricultural fields.
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Replace 8: (Willacy County: N26.50290, W097.60829) Private pond owned by Dale and
Dane Rhodes. Locate 5 km from original site 8. The pond was maintained and in area
surrounded by livestock and large multi-family residence.

Site 9: (Willacy County: N26.48223, W097.74853) Private pond. The site contained
water too shallow for trapping and was surrounded by agricultural fields. The pond was
formerly much larger.
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Replace 9: (Willacy County, N26.49303: W097.74072) Public irrigation canal. Located
1.43 km for original Site 9. Surrounded by agricultural matrix.

Site 10: (Willacy County: N26.46308, W097.70819) Private pond owned by Gary White.
The site was located in a cattle pasture location behind low density housing with small
irrigation canal adjacent.

73
Site 11: (Willacy County: N26.45587, W097.76271) Private pond owned by Frank
Quintero, located in a cattle pasture surrounded by agricultural matrix behind low density
housing.

Site 12: (Willacy County, N26.45451, W097.75909) Private pond. The site was dry in
2009 and surrounding by agricultural fields.
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Replace 12: (Willacy County: N26.45340, W097.71233) Public irrigation canal. Located
4.65 km from original Site 12. Surrounded by agricultural matrix.

Site 13: (Willacy County: N26.45341, W097.93415) Public irrigation canal. The
surrounding landscape included agricultural fields and livestock pastures.
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Site 14: (Willacy County: N26.45316, W097.61986) Private pond. The site was dry and
no former pond could be located. The surrounding landscape consisted of an agricultural
matrix.

Replace Site 14: (Willacy County: N26.43910, W097.61353.) Public canal surrounded by
agriculture matrix.
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Site 15: (Willacy County, N26.45218, W097.77656) Public pond. This was a relatively
large runoff pond with an island in the center. The surrounding landscape consisted of
agricultural fields adjacent to Interstate 77.

Site 16: (Willacy County: N26.41776, W097.59951) Private resaca. The site was dry
when visited in 2008 and 2009. The surrounding landscape included agricultural fields
and pastures.
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Replace 16: (Willacy County: N26.35752, W097.58618) Public canal. Located 6.72 km
from original Site 16. The site was embedded in an agricultural matrix.

Site 17: (Willacy County: N26.40231, W097.61563) Public canal. Agricultural fields
dominated the surrounding landscape.

78
Site 18: (Willacy County: N26.40108, W097.70241) Private pond. The site was dry in
2009, but was clearly a former ditch area pond. Agricultural fields surrounded the site.

Replace 18: (Willacy County: N26.39358, W097.70335) Public canal. Located 0.81 km
from original Site 18. The surrounding landscape consisted of an agricultural matrix.
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Site 19: (Willacy County: N26.40091, W097.71147) Public canal. The surrounding
landscape consisted of an agricultural matrix.

Site 20: (Willacy County: N26.39356, W097.71952) Public canal. The surrounding
landscape consisted of an agricultural matrix.
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Site 21: (Willacy County: N26.38800, W097.71957) Private pond. The site was dry in
2009 but was formerly a relatively large pond. Agricultural fields dominated the
surrounding landscape.

Replace 21: (Willacy County: N26.39011, W097.75178) Public canal. Located 3.20 km
for original site 21. Area surrounded by agricultural fields and pastures.
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Site 22: (Willacy County: N26.35751, W097.73042) Private pond. The site was dry in
2008 and 2009. The surrounding landscape contained agricultural fields and pastures.

Replace 22: (Willacy County: N26.37576, W097.68914) Private Pond owned by Steve
Krenek. Locate 4.58 km from the original Site 22. Surrounding landscape consisted of
livestock pasture and low density housing.
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Site 23: (Willacy County, N26.34240, W097.78249) Private pond. The surrounding
landscape consisted of pastures and housing subdivisions.

Site 24: (Willacy County, N26.33024, W097.47494) Arroyo Colorado. The surrounding
landscape consisted of residential housing and pastures.
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Site A: (Cameron County: N26.22029, W097.60605) Abbott Reservoir. Site surrounded
by an agricultural matrix.

Site B: (Cameron County: N25.85420, W097.39588) Permanent resaca in The Nature
Conservancy of Texas Southmost Preserve.

84
Site C: (Cameron County: N25.85227, W097.39743) Ephemeral resaca in The Nature of
Conservancy of Texas Southmost Preserve. The site, adjacent to the permanent Resaca.

Site D: (Cameron County: N25.85031, W097.39867) One of 2 Rio Grande sites trapped
on The Nature Conservancy of Texas Southmost Preserve.
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Site E: (Cameron County: N25.84070, W097.38863) One of 2 Rio Grande sites trapped
on The Nature Conservancy of Texas Southmost Preserve. This site was located upstream
from Site D.

Site F: (Hidalgo County: N26.29286, W098.13398) Edinburg Scenic Wetlands.
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Site G: Same as Site 5 in previous appendix.
Site H: (Hidalgo County: N26.16792, W098.37992) East resaca at Bentsen-Rio Grande
State Park. This resaca is periodically filled.

Site I: (Hidalgo County: N26.18517, W098.38948) Canal at Bentsen-Rio Grande State
Park. The canal runs along the northern border of the park.
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Site J: (Hidalgo County: N26.14711, W097.98901) Frontera Audubon. This patch of
suitable habitat is surrounded by urban development.

Site K: Same as Site 6, Pintail Lake at Santa Ana NWR in previously in appendix.
Site L: Same as Site 6, Cattail Lake at Santa Ana NWR in previously in appendix.
Site M: (Hidalgo County: 26.06833, W098.13741) Rio Grande at Santa Ana National
Wildlife Refuge.
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Site N: Same as Site 11 in previously in appendix.
Site O: Same as Site 15 in previously in appendix.
Site P: Same Replace Site 14 in previously in appendix.
Site Q: Same as Replace Site 16 in previously in appendix.

APPENDIX B. ERRORS REPORTED IN GROSMAIRE (1977) AND
CORRECTED ORIGINAL TRAPPING LOCALITIES.
Incorrect Locality

Correct Locality

Arroyo Colorado at FM 506

Arroyo Colorado at FM 106

On FM 498, 1.77 km west of FM 1520

On FM 498, 1.77 km west of FM 1420

Reservoir north of FM 408,
between Rio Hondo and FM 507

Reservoir north of FM 508, between Rio
Hondo and FM 507
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