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ABSTRACT 
 

EVALUATING BILATERAL ASYMMETRY 

 OF THE ADULT WESTERN  

POND TURTLE  

(Emys marmorata) 

by 

William McCall 

Master of Science in Biological Sciences 

California State University, Chico 

Fall 2014 

Deviations from symmetrical growth in bilateral characters of an organism are 

referred to as bilateral asymmetries and can be found in three forms: 1) anti-symmetry 

(AS), 2) fluctuating asymmetry (FA), and 3) directional asymmetry (DA). In this study 

turtle shell ventral morphological characters (plastron scutes) were measured to 

determine if bilateral differences were present. We compared turtles from populations 

with minor human modifications, Big Chico Creek Ecological Reserve (BCCER) and 

Butte Creek Ecological Preserve (BCEP) to a site with major human modification, Chico 

Wastewater Pollution Control Plant (CWPCP). Over the course of three collection 

seasons (2010-2012) a total of 231 adult E. marmorata were measured and photographed. 

With modern imaging software asymmetry values were determined from scute pair 



	   x	  

differences (right-left). Shell and body measurements (SBMs) were also recorded for 

each turtle. Significant differences in SBMs were found between sites and sexes. 

Individuals from CWPCP were generally larger in all SBMs than BCCER and BCEP 

individuals. Male pond turtles were generally larger in all SBMs than females. Significant 

differences in FA values were found in femoral scutes between sites. FA values were 

generally larger in individuals from CWPCP. Significant differences in DA values of 

gular, humeral, pectoral, and femoral scutes were found among sites and between sexes. 

Males had significantly larger DA values in the pectoral and abdominal scutes and these 

differences were more extreme in the two populations with male-biased sex ratios. This 

suggests that DA could be related to male-to-male competition for mates.
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CHAPTER I 

INTRODUCTION 

Overview of study 

Bilateral organisms fundamentally develop left and right sides and deviations 

from symmetrical growth around a center axis are known as forms of bilateral asymmetry 

(Van Valen 1962; Palmer & Strobeck 1986). Bilateral asymmetry is a morphological result 

of an organism’s inability to develop a symmetrical bilateral character. Developmental 

stability has been proposed as an index of individual fitness (Møller & Pomiankowski 1993; 

Møller 1994; Rantala et al. 2004; Davis & Maerz 2007). Environmental pressures may cause 

asymmetric deviations to the developmental systems that could negatively affect fitness 

(Møller & Pomiankowski 1993; Møller 1994). Possible environmental pressures on reptiles 

include: invasive species (Cadi & Joly 2004; Kraus 2009; Thomson et al. 2010), habitat 

destruction (Reese & Welsh 1997; Bury 2008), and off-road vehicles (Tull & Brussard 

2006). Van Valen (1962) suggests environmental pressures can act differently on 

morphologic systems and buffering capacities, which is the ability to resist developmental 

asymmetries. Bilateral asymmetry detection has increasingly been used to assess the impacts 

of stress-inducing conditions on the developmental stability of bilateral characters (Davis & 

Grosse 2008). A simple non-destructive measure/indicator of fitness is needed to identify 

populations subject to environmental stress before the effects are irreversible (Băncila et al. 

2012).



	   2	  

Three Types of Asymmetry 

Bilateral asymmetry can be displayed in three forms characterized by different 

mean distributions of right minus left differences in bilateral morphological characters: anti-

symmetry (AS), fluctuating asymmetry (FA) and directional asymmetry (DA) (Palmer & 

Strobeck 1986). While DA and AS are possible results from normal development, FA occurs 

when an organism deviates from normal development (Palmer & Strobeck 1986).  

1) Anti-symmetry (AS) occurs when a bilateral character is variable in which side 

is greater in development and results in a bimodal distribution (Van Valen 1962) with a mean 

of zero (Palmer and Strobeck 1986). Anti-asymmetry has been well studied in sand fiddler 

crabs Uca pugilator, either the right or left cheliped are significantly larger but appear in 

equal frequencies throughout the population. Male sand fiddler crabs have been shown to 

have antisymmetrical cheliped size used for intersexual displays and intrasexual contests as 

well as antisymmetrical leg development to compensate for the larger cheliped. (Davis 1978; 

Pratt & McLain 2002) 

2) Fluctuating asymmetry (FA) is the inability to follow proper developmental 

pathways and results in a normal distribution with a mean of zero (Van Valen 1962; Palmer 

& Strobeck 1986). A mean of zero would represent an individual with perfectly symmetrical 

bilateral characters. FA can indicate developmental instability, which is the capacity to 

develop properly in the face of genetic and/or environmental stresses that tend to affect 

development (Watson 1994). FA can also be described as developmental noise (Palmer & 

Strobeck 1986) and has been proposed to indicate individual quality (Møller 1993; Møller 

1994; Rantala et al. 2004; Davis & Maerz 2007). Fluctuating asymmetry has been studied in 

several organisms: rodents (Van Valen 1962; Leamy et. al 2001), insects (Van Valen 1962; 
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Woods et al. 2001; Santos 2001; Polak 2001; Rantala 2004), birds (Møller 1994; Cadée 

2000; Kellner & Alford 2003; Karvonen 2003), plants (Kozlov et al. 1996; Wilsey et al. 

1998) as well as humans (Brown et al. 2008). Few studies target amphibians and reptiles for 

asymmetry research (Bosch & Márquez 2000; Herczeg 2005; Davis & Maerz 2007) and even 

fewer study testudines (Davis & Grosse 2008; Băncila et al. 2012; Buică 2013). Davis & 

Grosse (2008) suggest that turtles are an ideal candidate for FA research and found that FA 

increases with size and age. Davis & Grosse (2008) also suggested that male yellow-bellied 

sliders (Trachemys scripta scripta) had a higher variation of FA, which tended to be in the 

forward-most plastron scutes (gular and humeral). 

3) Directional asymmetry (DA) occurs when one side of a bilateral character is 

greater in development than the other side and results in a shift (left or right about the mean) 

of the normal distribution (Van Valen 1962).  DA results from a consistent development bias 

towards one side of a characteristic whose mean equals greater than or less than zero (Palmer 

& Strobeck 1986). Directional asymmetry has been studied in several organisms: house mice 

(J. H. Graham et al. 1998), and more importantly to this study multiple groups of reptilia: 

eight dragon lizard species Amphibolurus reticulatus, Laudakia stellio, Pseudotra sinaitus, 

Trapelus pallidus, T. ruderatus, T. savignii, Uromastyx aegyptius and U. ornatus (Seligmann 

1998); seven snake species Coronella austriaca, Elaphe longissima, Hierophis viridiflavus, 

Natrix natrix, N. tessellate, Platyceps saharicus, Vipera aspis (Razzetti et al. 2007) and 

Scaloperous occidentalis (Shedd 2009); which found DA to be present in bilateral characters. 

Shedd (2009) suggests male fence lizards had higher amounts of abdominal patch coloration 

on their left sides and that both sexes had a higher amount of femoral pores on their left hind 

legs, potentially used in mate attraction. 
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Studies have suggested evidence of suboptimal environments leading to 

asymmetries in testudines (Fernandez & Rivera 2004; Rivera et. al 2008). Other testudine 

studies have suggested the presence of asymmetry in turtle shells (Davis & Grosse 2008; 

Băncila et al. 2012; Buică 2013). The focus of this study will address whether FA and DA 

values vary in the shell plastron of the western pond turtle. 

The Western Pond Turtle 

The western pond turtle (Emys marmorata Baird & Girard 1852) is a small to 

mid-sized freshwater turtle, which is the only extant native aquatic turtle species in California 

(Reese & Welsh 1997). Emys marmorata color ranges from a drab brown, olive green and 

even blackish. The shell is marked with a cream/yellowish-marbled pattern originating from 

the scutes centerline (Baird & Girard 1852; Stebbins 2003; Bury & Germano 2008). The 

carapace contains twelve left and right marginal scutes; 24 total (Edward Hallowell 1859). 

In northern California, habitat modification and alteration threaten species 

survival; Emys marmorata is no exception and is declining throughout its native range 

(Rathbun et al. 1992; Jennings and Hayes 1994; Gray 1995; Germano & Bury 2001; Spinks 

et al. 2003; Bury & Germano 2008; Germano 2010; Thomson et al. 2010). The decline is 

primarily due to loss of aquatic and terrestrial habitat (Reese & Welsh 1997; Bury & 

Germano 2008) caused by urbanization and conversion to agriculture (Spinks et al. 2003). 

Along with habitat destruction, the widespread introduction of invasive turtle species such as 

the red-eared slider (Trachemys scripta elegans) (Kraus 2009; Thomson et al. 2010) may 

have negative impacts on native pond turtle population fitness (Cadi & Joly 2004) or act as 

parasite and disease vectors (Hidalgo-Vila et al. 2011). Changes to waterways and flows 

have also impacted many E. marmorata populations (Reese & Welsh 1997; Bury & Germano 
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2008). Althought aquatic turtles spend a majoity of the time in water, terrestial habitats are 

important for nesting and overwintering (Reese & Welsh 1997). Fires can cause mortality in 

overwintering turtles using terrestrial habitats (Bury & Germano 2008). Urban waterways 

provide habitat but contain invasive turtles Trachemys scripta elegans (red-eared slider) 

(Spinks et al. 2003; Thomson et al. 2011) and native preditors Procyon lotor (racoons) that 

invade E. marmorata habitat (Bury & Germano 2008) and are potential enviromental causes 

of stress. 

Historic & Modern Taxonomy 

Emys marmorata was initially thought to be composed of two subspecies Emys 

marmorata marmorata (Baird & Girard, 1852) and Emys marmorata pallida (Seeliger 1945) 

which had different morphological characters. The northern subspecies Emys marmorata 

marmorata is found from Washington down to northern California around the San Francisco 

Bay. The southern subspecies Emys marmorata pallida is found from the San Francisco Bay 

down to Baja California Norte, Mexico (Spinks & Shaffer 2005; Spinks 2010). Gene flow 

was found to be restricted between northern and southern populations with little genetic 

variation in northern populations (Gray 1995). But currently according to a phylogenetic 

analysis the two subspecies are divided into four geographically distinct clades: the northern 

clade, the San Joaquin Valley clade, the Santa Barbara clade and the southern clade (Spinks 

& Shaffer 2005; Spinks 2010). The northern clade contains populations as far north as 

Washington and south to San Luis Obispo, California (Spinks & Shaffer 2005; Spinks 2010). 

All western pond turtles in the study area of Chico, CA fall within this range and are 

considered to be from the northern clade. 
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Natural History of E. marmorata 

Emys marmorata is a long-lived species (40+ yrs) with sexual maturity occurring 

in males around 5-9 years and in females around 7-10 years in northern California (Germano 

& Bury 2001). Emys marmorata mates from April-June and lays eggs from mid-June through 

August (Storer 1930; Holland 1988) with a clutch size varying from 3-14 eggs (Germano & 

Bury 2001). Emys marmorata is a temperature sex determinate species. When eggs from E. 

marmorata reach temperatures greater than 27°C the clutch results in a higher proportion of 

female hatchlings (Ewert et al. 1994). 

Research Statement 

Emys marmorata is an ideal candidate for bilateral asymmetry assessment due to 

the current listed status of E. marmorata (vulnerable IUCN ver. 2014.1), and the bilateral 

characteristics of the shell plastron (Davis & Grosse 2008; Băncila et al. 2012; Buică 2013). 

The bilateral characteristics and relative flat surface of the plastron allows for easy digital 

measurements from photographs. The listed status of E. marmorata suggests the urgency for 

population monitoring. 

The purpose of this study was to determine differences in 1) shell and body 

measurements (SBMs), and to evaluate if there are trends in 2) fluctuating asymmetry (FA) 

values, and 3) directional asymmetry (DA) values for three spatially distinct populations of 

E. marmorata. Lastly, 4) suggest possible environmental behavior/pressures that may 

account for any asymmetry.



	   7	  

 

CHAPTER II 

METHODS 

Study Sites 

Three western pond turtle populations (suspected isolated) were sampled in Butte 

County, California (Figure 1). The study sites included: Big Chico Creek Ecological Reserve 

(BCCER); Butte Creek Ecological Preserve (BCEP); and the Chico Wastewater Pollution 

Control Plant (CWPCP) (Figure 2). Sampling was conducted from mid-May through late-

October, 2010-2011, and continued at the CWPCP in 2012 due to low trapping success 

during 2010-2011 collection periods. 

 

Figure 1. Three study sites (BCCER, BCEP, and  
CWPCP) sampled in northern California shown with  
state borders.  
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Figure 2. Three study sites (BCCER, BCEP, and CWPCP)  
sampled in Chico, Butte County, California shown with 
county borders. 

 

Big Chico Creek Ecological Reserve 
(BCCER) 

 

The BCCER contains 3950 acres (1598.51 hectares) of land managed by the 

California State University Research Foundation (CSUC-RF) (Figure 3). The Reserve was 

bought with two land purchases in 1999 and 2001 with the goal of biological conservation 

and management. The Reserve lies along a 4.5-mile (7.24 km) section of Big Chico Creek 

and contains the following habitat types: grasslands (0.4% of the total acreage), wet 

meadows (0.1%), riparian zones (0.8%), Blue oak savanna-woodland (10%) Valley oak 
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woodland (0.2%), mixed woodland forest (11.5%), chaparral (23%) and chaparral savanna 

(54%) (CSU, Chico Research Foundation 2011). 

 

 

Figure 3. Big Chico Creek Ecological Reserve (BCCER), north of Chico,  
Butte County, California. Sub-sites (marked with blue dots) where  
E. marmorata was captured. Red lines indicate roads. 

 

Heavy timber harvest occurred within the upper Big Chico Creek watershed 

during the late 1800’s and a flume, constructed in 1874, used the creek for log transportation 

until its closure in 1910. Due to logging, cattle farming and the introduction of invasive 

plants, the forested areas changed to brush and the perennial native grasses were replaced 

with exotic annual grasses (CSU, Chico Research Foundation 2011). 
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Table 1. Sub-sites of Big Chico Creek Ecological Reserve (BCCER), 
north of Chico, Butte County, California. 
 

Sub-sites Latitude Longitude Elevation 
White Tape 39° 50.007’N 121° 43.078’W 776 ft. (237 m) 
Basalt Pool 39° 49.509’N 121° 43.250’W 777 ft. (237 m) 
Flat Rock 39° 50.290’N 121° 42.999’W 797 ft. (243 m) 

River Crossing 39° 49.302’N 121° 43.285’W 752 ft. (229 m) 
Henning Pool 39° 51.714’N 121° 42.620’W 884 ft. (269 m) 

The Stage 39° 52.116’N 121° 42.457’W 919 ft. (280 m) 
Fake Out 39° 51.508’N 121° 42.548’W 893 ft. (272 m) 
The Gate 39° 50.637’N 121° 42.888’W 835 ft. (255 m) 

  

 Turtle in the BCCER were found spending most of their time inhabiting deeper 

pools with low flow velocity and undercut banks or basking on logs and woody debris 

(Lubcke 2004; Kelly 2007). 

 
Butte Creek Ecological Preserve 
(BCEP) 

 

The BCEP has 93 acres (37.64 hectares) of land owned by the CSUC-RF and was 

purchased in December 1998, with the goal of biological conservation and management 

(CSU, Chico Research Foundation 2006). The reserve lies adjacent to a 0.8 miles (1.22 km) 

stretch of Butte Creek located along Honey Run Road, southeast of Chico (Figure 4). The 

BCEP was previously mined for gold, sand and gravel and is currently being managed under 

the CSUC-RF Master Management Plan (Houpis & Hankins 2007) Although the site 

contains some persistent invasive plants (tree-of-heaven (Alianthus altissima), yellow star-

thistle (Centaurea solstitialis), Scotch broom (Cytisus scoparius), and Himalayan blackberry 
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(Rubus discolor). The native flora is diverse and includes gray pine (Pinus sabiniana), 

western sycamore (Platanus racemosa), Fremont’s cottonwood (Populus fremontii), willow 

(Salix spp.), blue elderberry (Sambucus Mexicana), and oak (Quercus spp.) (Shedd 2009).  

 

 
 

Figure 4. Butte Creek Ecological Preserve (BCEP) Chico, Butte County, 
California. Sub-sites (marked with blue dots) where E. marmorata was captured. 
 

 

Turtle basking habitats in the preserve included: river rock, scattered boulders, 

logs and other woody debris (Shedd 2009). Sample sites were chosen after visual 

conformation of E. marmorata in the habitat. 
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Table 2. Sub-sites of Butte Creek Ecological Preserve (BCEP), 
north of Chico, Butte County, California. 
 

Sub-sites Latitude Longitude Elevation 
Butte Creek 39° 42.708’N 121° 43.514’W 296 ft. (90 m) 

Sidewalk Ends 39° 42.747’N 121° 43.495’W 295 ft. (90 m) 
Front Pond 39° 42.953’N 121° 43.134’W 315 ft. (96 m) 
Side Pond  39° 42.978’ N 121° 43.021’W 321 ft. (98 m) 
Big Pond 39° 42.630’N 121° 43.710’W 295 ft. (90 m) 

Big Pond OS 39° 42.658’N 121° 43.759’W 295 ft. (90 m) 
Far Big Pond  39° 42.643’N 121° 43.818’W 299 ft. (91 m) 
Coyote Pond 39° 42.766’N 121° 43.505’W 295 ft. (90 m) 

 
 

Chico Wastewater Pollution Control 
Plant (CWPCP) 

 

The CWPCP has 120 acres (48.56 hectares) of land owned by the city of Chico, 

CA. The facility was constructed in 1929 to treat the wastewater of Chico (Kelly 2007). The 

CWPCP is located on Chico River Road, 5 miles (8.05 km) SW of downtown Chico (Figure 

5). Located on the facility are multiple tanks, filtration systems and oxidation ponds to treat 

the wastewater as well as a solar array for generating electricity (City of Chico California, 

2009). Before the water is pumped into the ponds it passes through an influent screen and 

then treated (Kelly 2007). At the end of the water filtration cycle the water is pumped out 

into the oxidation ponds where the water sits for several months. There are 3 connected 

oxidation ponds, two large and one small; water is pumped into the small pond before it 

spills out and fills the larger ponds. The ponds are surrounded by farmland and Little Chico 

Creek flows southwest along the south side of the facility.  
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Table 3. Sub-sites of Chico Wastewater Pollution Control Plant  
CWPCP Chico, Butte County, California. 
 

Sample Sites Latitude Longitude Elevation 
Pond 1 39° 41.681’N 121° 54.684’W 139 ft. (41 m) 
Pond 2 39° 41.462’N 121° 54.637’W 131 ft. (40 m) 
Pond 3 39° 41.569’N 121° 54.522’W 135 ft. (41 m) 

The Farmer’s Slough 39° 41.315’N 121° 54.735’W 131 ft. (40 m) 
 

 

 
Figure 5. Chico Wastewater Pollution Control Plant CWPCP Chico,  
Butte County, California. Sub-sites (marked with blue dots) where  
E. marmorata was captured. 
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 Turtles found at CWPCP were frequently seen basking on shorelines or few semi-

submerged woody debris (Kelly 2007). Turtles were also seen basking on the tops of semi-

submerged multi-compartment traps (McCall observation) 

Capture and Data Collection 

All western pond turtles were handled by individuals with permits or under direct 

supervision of those permitted individuals (CDFW Permit SC-11504). Turtles were captured, 

marked, measured, photographed and released back at their point of capture in less than 10 

minutes. 

Turtle capture methods 

Snorkel surveys: Turtles were either caught by hand during snorkel surveys or in 

a multi-compartment modified crayfish traps (Figures 6A-B). Snorkel surveys were 

conducted only at BCEP and BCCER, and collection by trapping was only conducted at 

BCEP and CWPCP. Snorkel surveys were conducted over 3-4 hours. Turtles were brought 

back to the shore for measurements and photo-documentation described below. At the 

CWPCP trapping was the main method used although on occasion turtles were caught in a 

hand held fishing net. 

Traps: The turtle trap consisted of multi-compartment nets with the top 

compartment attached to the upper end of a modified crayfish trap (bottom compartment) 

(Figure 6A). The modified crayfish trap had two openings on either side with narrowing 

netting which allowed for one-way passage. The trapped turtle would be guided from the 

bottom compartment to the top compartment and up to the surface.  
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Figure 6. Multi-compartment modified crayfish trap used to capture E. marmorata. A) The 
bottom of the trap, constructed with small black netting (white arrow) is submerged when 
set, and 1-2 feet of large black netting (black arrow) is above water to allow turtles to 
breathe. B) Trap set in sub-site pond 2 at CWPCP.   
 

The traps were set at different intervals ranging from a minimum of three hours to 

a maximum of 12 hours (CDFW permit requirement) three hour intervals when checking the 

traps the same day and 12 hours when checking the traps the following day.  Inside the 

modified crayfish trap was a plastic cup (old peanut butter jar) filled with fish bait or 

decaying meat material (mainly sardines or chicken liver) to attract turtles. Traps were set 

with the bottom compartment submerged under water (Figures 6A-B) and the top 

compartment suspended above the water (Figure 6B) by a string tied to a tree limb. The top 

compartment was kept above the water to allow the captured turtles to return to the surface to 

breathe (Storer 1930). 
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  Basking traps were also used in this study (Figure 7), and had a 3-inch PVC pipe 

ring top connected to a closed net bottom. On top of the PVC ring was an eight-inch (20.3 

cm) wide wood basking board with ramps that floated on the water surface. Basking traps 

were set on only a few occasions (~10 tries), but due to the lack of catch success the method 

was abandoned.  

 

Figure 7. Basking trap used for E. marmorata capture. White PVC pipe was  
used as flotation for the wood ramps. The bottom net catches turtles that fell  
from the basking wood.  

 

Marking System and Measurement 

Turtle Marking: Captured turtles were first determined to be, 1) re-captured from 

a previous study, or 2) a new individual, by inspecting the carapace for the presence or 

absence of file markings on marginal scutes. The current study and other western pond turtle 

studies have followed a marking system similar to Holland (1994) and Lubcke & Wilson 
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(2007) (Figure 8). The system marks individuals by filing the marginal scutes to generate a 

unique three or four-digit number on the turtle’s carapace (top section of shell). Pond turtles 

generally have 12 marginal scutes on the left and right sides of the carapace, 24 total 

(Hallowell 1859). Some individuals were found to have 13 marginal scutes on the left and or 

the right side of the carapace. Counting from the scute nearest the nuchal scute (the center 

marginal scute always located above the turtle’s head - Figure 8) alleviated this anomaly. 

Marginal scutes nearest to the tail were omitted if a turtle had more than 12 on either side. By 

assigning numbers to the marginal scutes (Figure 8), and by filing a unique combination of 

these numbers of notches, a unique ID number can be marked. Pond turtles received three to 

six file marks depending on the individual ID number being given (some four digit ID 

numbers require up to six marks). We used the lowest number possible to reduce the amount 

of marks made to an individual turtle. 

 

 

Figure 8. Carapace of E. marmorata with numbers assigned to marginal  
scutes. A double marked scute represents double the assigned number.  
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Measurements & Aging: After turtles were marked with a unique ID number, 

basic shell and body measurements as well as age and sex were recorded (SBMs) (Table 4). 

The length measurements were taken with Mantax Precision Calipers ™ (max length 

500mm) and recorded to the nearest millimeter (mm) following methods similar to Germano 

& Rathbun (2008); Holland (1994); Lubcke & Wilson (2007); Seeliger (1945); Spinks et al. 

(2003); Storer (1930). Turtles were weighed with a Dune ™ compact digital balance (Model 

DCT5000, max capacity 5000g) and recorded to the nearest gram (g). 

 
Table 4. Shell and body measurement (SBMs) definitions summary table.  
Each body measurement with description and corresponding units. 
 

Measurement Description 
MCL (mm) Maximum carapace length, longest length of carapace 
SCL (mm) Standard carapace length, straight line measurement of carapace 
MPL (mm) Maximum plastron length, longest length of plastron 
SPL (mm) Standard plastron length, straight line measurement of plastron 
W (mm) Maximum width of the carapace 
H (mm) Maximum height of the carapace 
Mass (g) The individual's weight measured with digital balance 

Age (1-15 or 15+) Approximate age, from the rings counted on plastron scutes 
Sex & Age Condition Male/Female; juvenile/hatchling (based upon site, length and age) 

Circumference & 
Area (cm2) Digital photographs and ImageJ version 1.44i 

 

Age was estimated by counting the “rings” (Figure 9) on the scute surface similar to rings on 

a tree and assigned ages 1-15 or 15+ years. The “rings” were dark lines that appeared on the 

surface of each scute and generally believed to represent a period of high nutrition intake, 

then followed by low nutrition intake and roughly occurs once per year (Storer 1930). In 
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individuals that were older than 15 years (15+), the rings usually vanished and scutes were 

smooth due to wear. 

 

 

Figure 9. Scute rings (white arrow) use to determine approximate age of  
E. marmorata. 

 

Determining Sex and Fecundity: Sex was determined by: 1) general size and 

shape of the plastron, 2) position of cloaca and thickness of tail, and 3) coloration of the chin 

(Figure 10, Table 5). 

 
Table 5. Sex characteristics and description of E. marmorata from Stebbins (2003). 
 

Characters Male  Female 
 Carapace size larger smaller 
Plastron shape concave flat 

Tail base thick thin 
Chin color cream/white green/brown marble pattern 

Cloaca position anterior to the edge of the carapace posterior to the edge of the carapace 
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Figure 10. Western pond turtle (E. marmorata) showing three sexual  
dimorphic characters, 1) general size and plastron shape, 2) cloaca position,  
and 3) chin coloration. Photo credit: James Bettaso, U.S. Fish & Wildlife  
Service 

 
 

The detection of eggs in females was accomplished by extending one of the 

turtle’s hind legs with one hand, and while the leg was extended; a finger from the other hand 

was placed onto the abdominal wall. If a hard object (egg) was detected within the abdomen, 

the female was determined to be gravid (Figure 11). 

Asymmetry Data Gathering 

The last step in the streamside data collection was to photograph the turtle’s 

plastron. Plastron photography was used to reduce potential stress on the individual by 
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Figure 11. Egg detection method for potentially gravid E. marmorata females.  

 

reducing handling time (Davis & Connell 2008) and allowed digital surface area 

measurements not possible or at least difficult at streamside. Digital photographs of plastron 

were taken to trace circumferences of scute pairs and calculate surface areas using ImageJ™ 

version 1.44i for Mac®. Photographs of E. marmorata shell plastrons were taken using a 10-

megapixel Olympus stylus™ model 1010 camera and custom camera apparatus (adapted 

from Shedd 2009) (Figure 12). The camera and turtle were leveled using a square level (not 

seen in Figure 12) to insure that the camera was perpendicular to the turtle’s plastron. The 

scute surface areas in Figure 13 were measured using the computer software program 

ImageJ. After opening a plastron photo, this allowed a reference scale to be set by using the 

ImageJ scale tool to measure the ruler (set on the plastron before photograph was taken), and 

then calculated the surface area of each scute on the plastron (Figure 13).  
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Figure 12. Camera apparatus used to photograph E. marmorata. The 
camera was attached with a screw and faced downward toward the wood 
base. Turtle held securely using towel for safety and ease of shell 
positioning. 

 

Data Analysis 

All statistical tests were preformed using IBM SPSS™ statistical software version 

21. IBM SPSS™ was also used to generate bars graphs (Figures 15-22). Before parametric 

analysis began all data (SBMs, FA and DA) were checked for normal distributions using 

Shapiro-Wilk’s test for normality and equal variation using Levene’s test for equal variances. 
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Before MANOVAs were used, the data was also checked for linearity with a correlation 

matrix and checked for equal covariance with a Box’s test of equality of covariance matrices. 

 

 
 

Figure 13. Photograph of E. marmorata plastron taken from camera apparatus. 
1cm ruler was placed on the plastron for a reference scale (1cm≅160 pixels). 
A towel used as platform to level the turtles as well as support for the live 
animal. 

 
 
Statistical Analysis of Shell and Body 
 Measurements (SBMs) 

 

All shell and body measurements (Table 4) were first converted to centimeters 

(cm) from millimeters (mm) for consistency with later analyses between shell and body with 

FA and DA values. After checking the assumptions for parametric analysis, a multivariate 

analysis of variance (MANOVA) was first preformed with measurements of shell and body 
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size (MCL, SCL, MPL, SPL, W, H, and mass) (Table 4) to determine differences within and 

among sites and sex. 

 
Statistical Analysis of Asymmetry  
Measurements 

 

Due to the low numbers of juveniles and hatchlings caught, this study focused on 

the adult E. marmorata (minimum adult standard carapace length BCCER≈100mm, 

BCEP≈115mm, CWPCP≈125mm) for fluctuating asymmetry analysis. These values were 

determined by graphing growth curves for each site and finding the point were growth slows 

and the curve flattens (Appendix B) 

The method for measuring scute asymmetry was adopted from Davis & Grosse 

(2008). The E. marmorata plastron consisted of six pairs of scutes, each pair arranged 

bilaterally: gular G), humeral (H), pectoral (P), abdominal (Ab), femoral (F) and anal (An) 

scutes (Figure 13). IBM SPSS™ statistical software version 21 was used to run all statistical 

tests (below steps 1-7) determining differences in bilaterally arranged scute pairs between 

sites and sex. For each bilateral scute pair (G, H, P, Ab, F and An), the Raw FA value was 

calculated by: 1) Subtracting the left scute surface area from the right scute surface area 

(right minus left). 2) Raw FA values from step 1 were first graphed using histograms (Figure 

18) and then checked for normal distribution using IBM SPSS™ statistical software version 

21. 3) The Raw FA values were converted to absolute values (Abs Raw FA value) by 

changing all negative values to positive. This was done to determine the true difference from 

zero (perfect symmetry) for each pair. 4) The Abs Raw FA value from step 3 was divided by 

the average surface area of the same scute pair. The resulting value was in the form of a 
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decimal percentage (PRCT) and labeled FA PRCT. This calculation alleviated the effect of 

size on the FA PRCT values. Larger turtles generally have a larger amount of fluctuating 

asymmetry (Davis & Grosse 2008). This helped determine the true difference between scute 

pairs without scute size affecting the results. 5) The FA PRCT values from step 4 were 

arcsine square root transformed (arcsine of the square root of the value) to normalize the data 

for parametric statistical testing. The resulting units were radians and ranged from zero to 

one. 6) The Arc-transformed FA values (radians) from step 5 were sequentially checked for 

normality using Shapiro-Wilk’s test for normal distribution and equal variances using a 

Levene’s test for equal variances. 7) MANOVA was preformed on the Arc-transformed FA 

values in step 6 to determine differences in FA values within sites and between sexes.  

Along with the FA PRCT value for each scute pair, a second asymmetry value 

was calculated. Directional asymmetry (DA) was calculated using the same steps as above 

(steps 1-7) except the absolute value was not used (step 3) and the resulting value is a 

percentage rather than radians. The Raw FA values were used to determine directional 

asymmetries in the scute pairs. This value can be positive or negative depending on the larger 

scute side. This helped determine size differences in the turtle’s left and right side of the 

plastron. 

After both FA and DA MANOVA tests, the averages of the FA PRCT and DA 

PRCT values for site and sex were bar graphed with corresponding standard error 

calculations using IBM SPSS™ statistical software version 21. 
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CHAPTER III 

RESULTS 

From 2010-2012, a total of 231 adult E. marmorata were captured from three 

study sites: BCCER, BCEP and CWPCP (Table 6). Juveniles and hatchlings were also 

captured from the study sites but were left out of this study due to low sample size and 

adults E. marmorata being the focus. 

 
Table 6. Total numbers of adult E. marmorata captured at  
BCCER, BCEP, and CWPCP in Chico, Butte County,  
California. 

 

Site Males Females Total 
BCCER 40 59 99 
BCEP 43 28 71 

CWPCP 36 25 61 
Total 119 112 231 

 

Parametric assumptions 

Before parametric statistics were preformed all SBM values were checked for 

normal distributions and equal variation. Height and mass did not meet the assumptions 

(Table 7) but due to the large sample size (n=231) parametric statistics were preformed 

regardless. Before parametric statistics were preformed all FA (arc sine transformed) and 

DA values were checked for normal distributions and equal variation (Table 8). The FA 

values for femoral and anal scutes did not meet the assumptions but due to the large 

sample size (n=231) parametric statistics were preformed regardless. 
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Table 7. Each shell and body measurement (SBM) was tested for  
normality and equal variances. * Indicates value that is normally 
distributed and/or has equal variance (p-value >0.05). 

 

SBM Shapiro-Wilk’s 
Normal 

Levene's equal 
variance 

MCL 0.078* 0.115* 
SCL 0.112* 0.088* 
MPL 0.634* 0.320* 
SPL 0.540* 0.339* 

Width 0.104* 0.217* 
Height 0.045 0.096* 
Mass <0.001 0.020 

 

 
Table 8. Each fluctuating asymmetry (FA) and directional asymmetry (DA) scute  
pair was tested for normality and equal variances. * Indicates value that is normally 
distributed and/or has equal variance (p-value >0.05) 

 

Scute Pair 
Shapiro-
Wilk’s 
Normal 

Levene's 
equal 

variance 
Scute Pair 

Shapiro-
Wilk’s 
Normal 

Levene's 
equal 

variance 
FA Gular 0.012 0.074* DA Gular 0.447* 0.325* 

FA Humeral 0.261* 0.808* DA Humeral 0.664* 0.015 
FA Pectoral 0.362* 0.310* DA Pectoral 0.377* 0.973* 

FA Abdominal 0.239* 0.095* DA Abdominal 0.700* 0.118* 
FA Femoral 0.008 0.055* DA Femoral 0.682* 0.257* 

FA Anal 0.046 0.004 DA Anal 0.782* 0.121* 
 

Before MANOVAs were preformed the data was subjected to two additional 

assumptions: homogeneity of variance-covariance and correlation matrices to determine 

linearity. The results of the homogeneity of variance-covariance test indicates a 

significant value and suggests using Pillai’s Trace F-value for future analysis of SBM, 

FA and DA values (Table 9). The correlation matrices (Appendix A) show a weak but 



	   28	  

linear correlation between the dependent variables of SBM, FA and DA values. With the 

data being linear and knowing the proper F-value to report, MANOVAs were preformed 

on the SBM, FA and DA values.  

 
Table 9. Results of homogeneity of variance-covariance test.  
* Indicates a significant value (p-value <0.05). 

 
Measurement F-value p-value 

SBM 1.722 <0.001* 
FA 1.295 0.017* 
DA 0.945 0.022* 

 
 
Statistical Results of Shell and Body  
Measurements (SBMs) 

The Multivariate Analysis of Variance (MANOVA) was used to determine 

differences in the independent variables: site, sex and the interaction between site and 

sex. The results suggest significant differences in site, sex and their interaction (Table 

10). 

Table 10. MANOVA results of SBM differences in site and  
sex and their interaction. Pillai’s Trace F-value was reported.  
* Indicates a significant value (p-value <0.05). 

 
Variable F-value p-value 

Site 23.849 <0.001* 
Sex 69.203 <0.001* 

Site*Sex 2.823 <0.001* 
 

The One-way Analysis of Variance (ANOVA) in SBMs mean values between 

sites (site*SBMs) suggest turtles from the CWPCP population had significantly larger 
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values of SBMs (MCL 17.704 ± 0.160cm, F=93.634, P=<0.001*; SCL 17.464 ± 

0.159cm, F=91.390, P=<0.001*; MPL 16.246 ± 0.144cm, F=77.611, P=<0.001*; SPL 

15.574 ± 0.138cm, F=77.903, P=<0.001*; Width 14.040 ± 0.116cm, F=100.767, 

P=<0.001*; Height 6.863 ± 0.154cm, F=139.256, P=<0.001*; and Mass 845.850 ± 

17.374g, F=127.504, P=<0.001*) compared to BCCER and BCEP 

(CWPCP>BCEP>BCCER) (Table 11). The differences between means suggest that 

CWPCP has larger SBMs overall. Sex was combined to show differences between SBM 

values of sites (Figure 14). 

Table 11. One-way ANOVA results of SBM differences in site and sex and  
the interaction of site and sex. * Indicates a significant value (p-value <0.05). 

  
  Site Sex Site*Sex 

SBM  F-value p-value F-value p-value F-value p-value 
MCL 93.634 <0.001* 31.031 <0.001* 6.655 0.002* 
SCL 91.390 <0.001* 28.672 <0.001* 6.182 0.002* 
MPL 77.611 <0.001* 2.433 0.120 3.065 0.049* 
SPL 77.903 <0.001* 0.708 0.401 2.832 0.061 

Width 100.767 <0.001* 28.388 <0.001* 8.871 <0.001* 
Height 139.256 <0.001* 12.809 <0.001* 2.049 0.131 
Mass 127.504 <0.001* 8.088 0.005* 5.616 0.004* 

 

The One-way ANOVA to determine differences in SBMs mean values 

between sex (sex*SBMs) suggest males have significantly larger SBMs (MCL 16.880 ± 

0.113cm, F=31.031, P=<0.001*; SCL 16.661 ± 0.112cm, F=28.672, P=<0.001*; Width 

13.359 ± 0.082cm, F=28.388, P=<0.001*; Height 5.730 ± 0.109cm, F=12.809, 

P=<0.001*; and Mass 686.286 ± 12.268g, F=8.088, P=0.005*) compared to females 
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(Table 11). No significant differences were found in MPL and SPL values between sexes 

(Figure 15).  

 

 

Figure 14. Shell and Body measurements (SBM) mean values ± standard error of all 
captured adult Emys marmorata (n=231).  
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Figure 15. Shell and Body measurements (SBM) mean values ± standard error of all 
captured adult Emys marmorata (n=231).  

 
 

The One-way ANOVA to determine differences in SBMs mean values of the 

interaction of site and sex (site*sex) suggest that male turtles from CWPCP generally 

have larger SBMs (MCL 18.419 ± 0.205cm, F=6.655, P=0.002*; SCL 18.147 ± 0.203cm, 

F=6.182, P=0.002*; SPL 16.492 ± 0.184cm, F=3.065, P=0.049*; Width 14.575 ± 
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0.149cm, F=8.871, P=<0.001*; and Mass 899.500 ± 22.245g, F=5.616, P=0.004*) 

compared to all turtles caught (CWPCP>BCEP>BCCER) (Table 11). 

 

 

Figure 16. Mass mean values ± standard error of all captured adult Emys marmorata 
(n=231). Sex was combined to show differences in body mass among sites. 
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Figure 17. Mass mean values ± standard error of all captured adult Emys marmorata 
(n=231). Sites were combined to show differences in body masses between the sexes. 

 
 
Statistical Results of Fluctuating Asymmetry 
(FA) Measurements 
 

The Multivariate Analysis of Variance (MANOVA) of FA values was used to 

determine differences in the independent variables: site, sex and the interaction between 

site and sex. The results suggest significant differences in site only (Table 12). No 

differences were found in sex (Figure 20) or the interaction between site and sex. 
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Table 12. MANOVA results of FA differences in site and sex  
and their interaction. Pillai’s Trace F-value was reported.  
* Indicates a significant value (p-value <0.05). 

 
Variable  F-value p-value 

Site 2.240 0.009* 
Sex 1.557 0.161 

Site*Sex 1.437 0.146 
 

The one-way ANOVA test to determine differences in FA mean values 

between sites (site*FA) suggest turtles from the CWPCP population had significantly 

larger values of FA (Femoral 0.195 ± 0.012, F=7.612, P=<0.001*) compared to BCCER 

and BCEP (CWPCP>BCEP>BCCER) (Table 13). Sex was combined to show differences 

between FA values of sites (Figure 19).  

 
Table 13. One-way ANOVA results of FA differences  
in site. * Indicates a significant value (p-value <0.05). 

 
  Site 

Measurement  F-value p-value 
FA Gular 1.265 0.284 

FA Humeral 2.202 0.113 
FA Pectoral 2.107 0.124 

FA Abdominal 0.703 0.496 
FA Femoral 7.612 <0.001* 

FA Anal 0.671 0.512 
 

 The raw FA distribution values (R – L) (Figure 18) were graphed to compare 

results to Davis and Grosse (2008) and other FA studies in which a normal distribution of 

raw data is required. 
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Figure 18. Distribution of raw scute asymmetry scores (right minus left area, cm2)  
for all captured Emys marmorata (n=231). 
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Figure 19. Arc sine transformed fluctuating asymmetry (FA) mean values ± standard 
error of all captured adult Emys marmorata (n=231).  
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Figure 20. Arc sine transformed fluctuating asymmetry (FA) mean values ± standard 
error of all captured adult Emys marmorata (n=231).  
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Statistical Results of Directional Asymmetry 
(DA) Measurements 

The Multivariate Analysis of Variance (MANOVA) of DA values was used to 

determine differences in the independent variables: site, sex and the interaction between 

site and sex. The results suggest significant differences in site and sex only. No 

significant differences were found in their interaction (Table 14). 

Table 14. MANOVA results of DA differences in site and  
sex and their interaction. Pillai’s Trace F-value was reported.  
* Indicates a significant value (p-value <0.05). 

 
Variable  F-value p-value 

Site 6.388 <0.001* 
Sex 3.763 <0.001* 

Site*Sex 1.163 0.308 
 

The one-way ANOVA to determine differences in DA mean values between 

sites (site*DA) suggest turtles from the CWPCP population had significantly larger 

values of DA (Gular 1.414 ± 1.606, F=6.221, P=0.002*; Pectoral 1.223 ± 0.558, 

F=12.497, P=<0.001*; and Femoral 3.171 ± 0.597, F=13.261, P=<0.001*) compared to 

BCCER and BCEP (CWPCP>BCCER>BCEP) (Table 15). The results also suggest 

turtles from the BCCER population had significantly larger values of DA Humeral 

0.078±0.611, F=13.387, P=<0.001* compared to CWPCP and BCEP 

(BCCER>CWPCP>BCEP) (Table 15). Sex was combined to show differences between 

DA values of sites (Figure 21). 
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The one-way ANOVA test to determine differences in DA mean values 

between sex (sex*DA) suggest male turtles have significantly larger values of DA 

(Pectoral 1.079±0.332, F=15.631, P=<0.001*; Abdominal 1.376 ± 0.353, F=8.387, 

P=0.004*)  

 

 
 
Figure 21. Directional asymmetry (DA) mean values ± standard error of all captured 
adult Emys marmorata (n=231).  
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compared to females (Table 15). Sites were combined to show differences between DA 

values in sex (Figure 22). 

 
Table 15. One-way ANOVA results of DA differences in site and sex. 
*Indicates a significant value (p-value <0.05). 

 
  Site Sex 

 Measurement F-value p-value F-value p-value 
DA gular 6.221 0.002* 0.272 0.603 

DA humeral 13.387 <0.001* 0.300 0.584 
DA pectoral 12.497 <0.001* 15.631 <0.001* 

DA abdominal  2.317 0.101 8.387 0.004* 
DA femoral 13.261 <0.001* 0.211 0.647 

DA anal 2.874 0.059 0.370 0.543 
 
 
Size & Age Correlation with FA 
 

Our data suggest very little correlation of FA in plastron scutes with size: 

SCL, SPL and age (Table 16) with R2 = <0.03 in all cases. 

 
Table 16. Correlation of plastron scute FA values with standard  
carapace length (SCL), Standard plastron length (SPL), and Age 
of adult Emys marmorata. R2 values were reported. 

 
Measurement SCL SPL Age 

FA Gular 0.028 0.021 0.011 
FA Humeral <0.001 <0.001 0.017 
FA Pectoral 0.010 0.015 0.028 

FA Abdominal 0.016 0.016 0.011 
FA Femoral 0.005 0.016 0.012 

FA Anal 0.014 0.016 0.006 
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Outliers and Extreme values 

 Outliers and extreme values were not removed from SBM, FA and DA values 

before statistics were preformed for this study. 

 

 
 

Figure 22. Directional asymmetry (DA) mean values ± standard error of all captured 
adult Emys marmorata (n=231). 
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But to be certain another round of MANOVAs were preformed without outliers and 

extreme values. An outlier was defined as a value that was 1.5 to 3 times the interquartile 

range. An extreme value was defined as a value that was more than three times the 

interquartile range defined by the statistical software. With outliers and extremes 

removed parametric statistics were preformed on the remaining 199 individuals. The 

results were found to be similar so the outliers and extreme values were included in the 

statistical analysis.
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CHAPTER IV 

DISCUSSION 

Shell and Body Measurements 
(SBMs) 

 

Results of the one-way ANOVA (site*SBMs) (Table 11) suggested turtles 

from the CWPCP population had significantly larger values of SBMs overall (MCL, 

SCL, MPL, SPL, Width, Height, and Mass) between sites. This result was consistent with 

Goodman’s (1997), Kelly (2007), and Lubcke & Wilson (2007) suggestions that turtles in 

lower elevation sites tend to be larger in size than turtles in higher elevation sites. Our 

difference in SBMs result was consistent with similar pond turtle studies (Kelly 2007; 

Lubcke & Wilson 2007) involving the same study sites as the current study (BCCER and 

CWPCP). Within the current study, pond turtles with the largest MCL were found at 

CWPCP (lowest elevation), followed by mid-sized at BCEP (mid elevation) and then 

smallest at highest elevation site BCCER (Figure 14). 

The results of the one-way ANOVA (sex*SBMs) (Table 11) suggest males 

have significantly larger SBMs (MCL, SCL, Width, and Mass) compared to females. 

This was consistent with the sexual dimorphism conclusion where E. marmorata males 

tend to be of larger size (Holland 1994; Lubcke & Wilson 2006) (Figure 15). Although 

Holland (1994) suggests that female pond turtles have a taller domed shell when 

compared to a male pond turtle of similar size, our study’s results suggest a different 

pattern (Figure 15 no difference in Height). This is because all sites were lumped 
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together. Table 10 shows significant differences in the interaction between site and sex, 

which means the interaction, has an affect shown in figure 15. When looking at the main 

effects plot of Height (Appendix C) differences are seen between site vs. SBM and sex 

vs. SBM. As the lines approach the CWPCP site elevation decreases, flow decreases and 

growth rate increases meaning as the pond turtle grows faster the differences between 

sexes become smaller. No differences were found in MPL and SPL (Table 11). 

Finally, the results of the one-way ANOVA (site*sex) (Table 11) suggest that 

male turtles from CWPCP generally have larger SBMs within site and sex (MCL, SCL, 

SPL, Width, and Mass). No significant differences in SBMs within site and sex were 

found in MPL and Height (Table 11). 

Height is Previous pond turtle research (Holland 1994; Kelly 2007; Lubcke & 

Wilson 2007) has shown similar differences within sites and sexes and this section of the 

current study was mainly to evaluate the validity of those morphological size differences. 

This study agrees with the previously stated morphological size differences. 

Bilateral Asymmetry Data 
 

Our data indicated that asymmetries (FA and DA, not AS) were present in 

three populations of adult E. marmorata (Figures 19 - 22). Significance varied depending 

on the scute location and sex but showed no correlation with size and age (Table 16). The 

presence of both FA and DA was an unanticipated result in the current study but 

according to Van Valen (1962) multiple asymmetries can exist at the same time. The 

presences of FA supports the methodology used in this study for nondestructive 

asymmetry detection. 
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Normality and Equal Variance 
Tests 

 

All FA and DA values were checked for both normality and equal variance 

(Table 8). The FA normality test revealed that 3 of 6 scutes are normally distributed, 

while DA had all 6 of 6 scutes normally distributed. The FA test for equal variance 

revealed that 5 of 6 had equal variances, while DA had 5 of 6 scutes had equal variances. 

Even though all FA and DA values did not meet the requirements, parametric testing was 

preformed regardless due to a large sample size (n=231).  

Fluctuating Asymmetry (FA) 
Measurements 
 

The results of RawFA normal distribution (Figure 18) showed each scute pair 

(Gular, Humeral, Pectoral, Abdominal, Femoral and Anal) varies around the center of 

zero, which is a basic requirement for FA analysis (Davis & Grosse 2008). 

The results of the one-way ANOVA suggest turtles from the CWPCP 

population had significantly larger values of FA Femoral between sites (Table 13). No 

differences in FA between sites were found in the Gular, Humeral, Pectoral, Abdominal, 

or Anal scutes (Figure 19). No differences in FA between sexes were found in all scute 

pairs (Table 13, Figure 20).  

Fluctuating Asymmetry (FA) Conclusions 
 

FA was found to be present in all scutes but significantly different, with the 

most variation found in the forward most scutes (gular and humeral). This conclusion is 

similar and supports Davis & Grosse (2008) findings. Davis & Grosse (2008) also reports 
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that FA increases with size and age, our data does not suggest that correlation (Table 16). 

Our data suggests FA does not increase with shell size or age in which Băncila et al. 

(2012) and Buică & Cogălniceanu (2013) found similar results. Davis & Grosse (2008) 

and Băncila et al. (2012) also report that males have higher FA values than females. Our 

data suggests there is no difference in FA values between sexes (Figure 20) with Buică & 

Cogălniceanu (2013) finding similar results.  

The differences between the FA results (increase with size and between sexes) 

in the current study and Davis & Grosse (2008) could be due to species or historic site 

differences. Davis & Grosse (2008) studied the yellow-bellied sliders, Trachemys scripta 

scripta, which has sexual dimorphism where the female is the larger sex. Where as 

Băncila et al. (2012) and Buică & Cogălniceanu (2013) studied the spur thighed tortoise 

Testudo graeca, which has sexual dimorphism, where the female is the larger sex. Our 

study investigated the western pond turtles, Emys marmorata, which show sexual 

dimorphism but males tend to be the larger sex. The sexual dimorphism differences 

between the species in the studies could lead to different FA as well as DA results.  

Davis & Grosse (2008) studied museum specimens from the Georgia Museum 

of Natural History collected from 5 different states (Georgia (67), South Carolina (13), 

North Carolina (2), Florida (2) and Alabama (1)) and do not mention differences between 

site or habitats. Our study analyzed more turtles (231 to their 86) and knew the sites of 

capture and some of the possible differences in each habitat (flow of water, amount of 

human modification and presence of invasive turtle species). Our study could suggest a 

more accurate picture of the effects of site on FA in turtles because of the historic 
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knowledge of the sites. Similar to Băncila et al. (2012) and Buică & Cogălniceanu 

(2013), no habitat measurements were collected (temperature, percent vegetation, water 

quality). Some significant differences in FA between sites were observed similar to 

Băncila et al. (2012) where as Buică & Cogălniceanu (2013) did not find significant 

differences in FA between sites. 

If FA is a product of the environment (Møller & Pomiankowski 1993; Møller 

1994) and the northern clade has least genetic variability (Gray 1995) than the differences 

seen may be due to environment/behavior caused primarily by skewed sex ratios and or 

affected by the presence of a more aggressive invasive turtle (red-eared slider). Our 

results cannot determine what factor in the environment is the actual cause of the FA 

present within the current study’s sample sites. Our FA results can only conclude that FA 

was present (Table 13, Figures 19 & 20) in all three sites and significant in one scute 

(femoral) among sites. Due to the lack of significant differences in FA among sites in five 

of six plastral scutes implies that either all three of these sites provide habitat of equal 

quality (good or bad) for pond turtle development, or this method of analyzing 

Fluctuating Asymmetry is not sufficiently sensitive to detect differences in 

developmental stresses in these habitats. Spinks et al. (2003) suggest that heavily 

modified urban waterways can be suitable habitat for pond turtles.  The persistence of the 

pond turtle population at the CWCPC (Lubcke, Kelly 2007, Daniele 2014) indicates that 

this may be true for this heavily human modified site as well. Other studies at the same 

site (Polo-Cavia, 2010, Daniele 2014) did show indications of increased physiological 

stress at this site.   
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Directional Asymmetry (DA) 
Measurements 
 

The results of the one-way ANOVA (site*DA) (Table 15) suggest turtles from 

the CWPCP population had significantly larger values of DA in Gular, Pectoral, and 

Femoral scutes between sites. The results of the ANOVA (site*DA) also suggest turtles 

from the BCCER population had significantly larger values of DA in the Humeral scute 

between sites. No differences in DA between sites were found in the Abdominal, or Anal 

scutes (Figure 21).  The current study found differences in DA between sites where 

similar DA studies (Băncila et al. 2012) did not.  

The results of the ANOVA (sex*DA) (Table 15) suggest male turtles have 

significantly larger values of DA in Pectoral and Abdominal scutes than females. No 

differences in DA between sexes were found in the Gular, Humeral, Femoral, or Anal 

scutes (Figure 21). Buică & Cogălniceanu (2013) also found differences in DA between 

sexes in Tortoises. No differences were found in the interaction of site and sex between 

scute pairs (Table 14). 

Directional Asymmetry (DA) Conclusions 

In contrast to my data on Fluctuating Asymmetry the data for shows several 

strong cases of Directional Asymmetry  (Figures 21 & 22). The DA data suggests a 

strong pattern of Directional Asymmetry in the males from populations with male-biased 

sex ratios (higher male to female). In these male-biased populations, the anterior plastral 

scutes (gular and humeral) are significantly larger on the left side and the posterior 

plastral scutes (femoral and anal) are significantly larger on the right side. 



	   49	  

At this point, biological explanations of this pattern are purely speculative, 

however, one possible biological explanation involving intense male-male competition 

for mates in populations with male-biased sex ratios could be easily tested in future 

studies. In many species male-male combat and male-male displays are initiated left side 

to left side. Shedd (2010) showed patterns of Directional Asymmetry consistent with left-

side-dominant combat and display in the color patches used in territorial displays by male 

western fence lizards (Sceloporus occidentalis). The pattern of large scutes on the 

anterior left and posterior right could have developed if turtles have a similar left-side-

dominant approach in male male-competition for mates. When mating, male turtles hold 

onto the carapace of the female while un-mated males attempt to dislodge rivals by biting 

the tail and feet (ref) If Emys marmorata males consistently attack with the front left and 

defend with the right rear limb then Directional Asymmetry could develop either over 

generations through natural selection for directional asymmetry or within a generation 

through phenotypically plastic hypertrophy through continued use (i.e. the Blacksmith’s 

arm). Changes in morphology of males that engage in male-to-male competition in 

skewed sex-ratio sites have been observed in other species of turtles (Edmonds & Brooks 

1996). This hypothesis could be tested through several different approaches. First, 

through direct observation of mating and combat behavior in male pond turtles to see if 

left-hand-bias in male-male competition. Second through a series of similar studies to see 

if the pattern is found in other areas with male biased sex ratios. Finally an experimental 

approach raising turtles in habitats with different Male: Female ratios to see if directional 

asymmetry can be induced.    
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Correlation matrix of SBM 
 

 MCL SCL MPL SPL Width Height Mass 
MCL 1 0.996 0.945 0.934 0.951 0.794 0.937 
SCL 0.996 1 0.947 0.935 0.946 0.804 0.936 
MPL 0.945 0.947 1 0.991 0.907 0.821 0.931 
SPL 0.934 0.935 0.991 1 0.896 0.824 0.925 

Width 0.951 0.946 0.907 0.896 1 0.799 0.936 
Height 0.794 0.804 0.821 0.824 0.799 1 0.882 
Mass 0.937 0.936 0.931 0.925 0.936 0.882 1 

 
 
Correlation matrix of FA 
 

 
FA 

Gular 
FA 

Humeral 
FA 

Pectoral 
FA 

Abdominal 
FA 

Femoral 
FA 

Anal 
FA Gular 1 0.173 0.025 -0.021 0.008 -0.076 

FA Humeral 0.173 1 0.022 0.016 -0.009 0.003 
FA Pectoral 0.025 0.022 1 0.016 0.033 -0.007 

FA Abdominal -0.021 0.016 0.016 1 0.043 <0.001 
FA Femoral 0.008 -0.009 0.033 0.043 1 0.155 

FA Anal -0.076 0.003 -0.007 <0.001 0.155 1 
 
 
Correlation matrix of DA 
 

 
DA 

gular 
DA 

humeral 
DA 

pectoral 
DA 

abdominal 
DA 

femoral 
DA 
anal 

DA gular 1 0.399 0.29 0.175 0.128 -0.037 
DA humeral 0.399 1 0.330 0.224 0.386 0.173 
DA pectoral 0.29 0.330 1 0.201 0.256 0.216 

DA abdominal 0.175 0.224 0.201 1 0.191 0.238 
DA femoral 0.128 0.386 0.256 0.191 1 0.260 

DA anal -0.037 0.173 0.216 0.238 0.260 1 
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y = 45.302ln(x) + 60.754 
R² = 0.56013 
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y = 53.36ln(x) + 53.187 
R² = 0.82658 
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