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Abstract:
A discrepancy in diamondback terrapin nesting activity at nest sites studied in
Wellfleet and Orleans, Massachusetts, was observed during field research. It was noted
that nesting activity, as defined by the number of diamondback terrapin nests containing
eggs, varied both within and between sites studied. In response to these observations, a
study was performed which examined potentially salient ecological parameters of
naturally chosen diamondback terrapin nest sites. Ecological parameters of nest sites
were studied as a means of better identifying common ecological characteristics of which
may contribute to diamondback terrapin female’s nest site selection.
Preliminary information was obtained from all naturally chosen diamondback
terrapin nest sites studied. Information included: the date of data recovery, the cardinal
direction of the nest with respect to slope, the longitude, the latitude, the compaction of
the substrate, the type of nest site (garden or natural) and the elevation of the site.
Additionally, two samples were obtained from each of the 44 nest site studied;
one from a depth of 6 cm, the other from a depth of 12 cm. These depths were selected
due to their importance in the architecture of typical diamondback terrapin nest. Samples
were obtained a safe distance from the nest itself, so as to not disturb the developing
embryos.
In the lab, the two samples of substrate for each of the nests sites studied were
further analyzed to determine substrate moisture content, percent particle composition
and substrate color. Photo analysis of nest sites was performed to determine the percent
and type (none, sparse, dense) of vegetation surrounding the nest site. Additionally,

4

Google Earth was used to determine the distance of the nest site to the nearest high tide
mark.
After compiling ecological data, statistical analyses were performed. The
desirable ecological nesting conditions for northern diamondback terrapins were then
extrapolated from the results. The results indicate that northern diamondback terrapins
prefer southern facing nest sites, less than 60 meters from the high tide mark and under
45 Meters Above Sea Level (MASL) (with a potential preference for nesting elevation
between 5 MASL and 15 MASL). Data suggest that nest sites with compaction between 9
PSI and 15 PSI at depths of 6 cm and between 47.5 PSI and 52.5 PSI at depths of 12 cm
are prefered by nesting northern diamondback terrapin. Substrate composed primarily of
coarse sand, fine sand and coarse silt, with low percent substrate moisture content
(typically below approximately 2.31%) and minimal vegetation are posited to be prefered
by northern diamondback terrapins in Wellfleet and Orleans Massachusetts.
A better understanding of the ideal ecological nesting conditions for the northern
diamondback terrapin population of Wellfleet and Orleans, Massachusetts, will improve
the restoration efforts of the Massachusetts Audubon by providing them with information
which will allow them to construct northern diamondback terrapin gardens better suited
to their intended inhabitants.
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Chapter One: Introduction
A preference for brackish water distinguishes diamondback terrapins from other
members of the chelonian order. Diamondback terrapins belong to the family Emydidae,
a group commonly referred to as marsh or pond turtles (Mara, 1994). More specifically,
northern diamondback terrapins, such as the diamondback terrapins found in Wellfleet
and Orleans, Massachusetts, belong to the genus 
Malaclemys
, species
terrapin
and
subspecies 
terrapin 
(Mara, 1994).
The etymology of the name 
Malaclemys terrapin terrapin
arises from two distinct
origins. The first portion of the classification, “
Malaclemys
” being derived from the
Greek words “malakos” meaning soft, which may refer to its soft head, or, alternatively,
the soft bodied molluscan prey it is known to consume, and “klemmys” meaning tortoise
(Brennessel, 2006). The second portion of the classification,“
terrapin
” originates from a
Virginian dialect of the Algonquin language where it was used to describe edible turtles
(
Northern Diamondbacked Terrapin Malaclemys terrapin terrapin
).
Phenotypically, northern diamondback terrapins are characterized by unique black
spirallike markings within the ventral and coastal scutes of their top shell, or carapace, as
well as whitishgrey skin with speckled black markings. The carapace of northern
diamondback terrapins is typically greygreen, while the lower shell, or plastron is
typically bright yellow or orange. A sexually dimorphic species, females tend to be much
larger than males (
Diamondback Terrapin (Malaclemys terrapin)
). Although northern
diamondback terrapins spend the majority of their lives in aquatic environments, from
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June to July, gravid females come to shore to nest and lay eggs, facing a variety of
terrestrial threats in their endeavour (Mara, 1994).
Northern diamondback terrapins can be found in estuaries extending along the
Eastern Coast of the United States stretching from the northernmost region of their range
in Wellfleet, Massachusetts to the southernmost tip of their range in Corpus Christi,
Texas (Mara, 1994). Within their salt marsh habitat, diamondback terrapins are
opportunistic macroconsumers, eating a variety of organisms found in salt marsh
environments, such as molluscs, crabs and vegetation (Tucker, et al., 1995). While there
is little evidence that diamondback terrapins preferentially consume vegetation, evidence
suggests that diamondback terrapins may unintentionally ingest vegetation when
consuming prey found on vegetative substrates (Brennessel, 2006).
Initially diamondback terrapins were not thought to have a major impact on salt
marsh food webs. However, the work of Tucker, FitzSimmons and Gibbons regarding the
dietary habits of diamondback terrapins indicates that large populations of terrapins may
have a significant impact on salt marsh food webs due to their omnivorous behavior
which may contribute to trophic regulation (Tucker, et. al., 1995). Thus, in accordance
with the findings of Tucker, FitzSimmons and Gibbons, as trophic regulators,
diamondback terrapins may play an integral role in the maintaining a healthy habitat as
well as signaling the health of the ecosystem (Tucker, et. al., 1995).
In terrestrial and aquatic environments, diamondback terrapins are threatened both
by natural and anthropogenic factors. Natural aquatic factors include salinity levels.
Flooding also presents a natural aquatic threat to nests constructed below the high tide
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line; while developing embryos can survive short periods of flooding, long periods of
flooding result in embryonic death (Brennessel, 2006).
Terrestrial predators also threaten diamondback terrapins. Raccoons, foxes, and
other small carnivores predate diamondback terrapin nests, unearthing eggs and
consuming developing embryos. Ants and fly larvae also threaten developing embryos,
burrowing into eggs and eating the embryos from the inside out. Beach grasses, such as
Spartina alterniflora
, commonly referred to as smooth cordgrass/saltmarsh cordgrass or
saltwater cordgrass, can kill embryos by puncturing eggs and exposing developing
embryos (Brennessel, 2006).
Once embryos have hatched, gulls and small carnivores such as raccoons pose
new threats to hatchlings. These predators prey on hatchlings as they leave the nest and
find shelter in salt marsh vegetation (Brennessel, 2006).
Historically humans have posed a threat to adult diamondback terrapins. When
diamondback terrapins became a culinary delicacy in the the early twentieth century they
were hunted to the brink of extinction (Mara, 1994). Although the diamondback terrapin
population rebounded after terrapin meat fell out of favor in the mid nineteen twenties
(corresponding to prohibition and subsequent lack of cooking sherry to prepare the meat),
the population has never fully recovered (Clowes, 2013).
Today commercial harvest of diamondback terrapins is officially outlawed,
however, diamondback terrapin trapping continues to this day; some states, such as
Louisiana continue to permit the harvest of small numbers of diamondback terrapins for
personal use, while other entities illegally catch diamondback terrapins to sell in the black

8

market pet trade. Diamondback terrapins face other human created aquatic threats such as
boat propellers and crab traps which may ultimately result in turtle mortality
(
Diamondback Terrapin
).
Humans also pose threats to diamondback terrapins in terrestrial environments.
For example, cars are a huge factor in terrapin mortality, a fate which is especially
devastating for nesting females. Development in and around salt marsh habitat also poses
a significant threat to diamondback terrapins (and all organisms dependent upon
saltmarsh environments). Development, as characterized by construction of saltmarsh
land for transportation, urban or commercial purposes, may have devastating effects on
saltmarsh ecosystems, potentially altering tidal flow, reducing the amount viable habitat
for native species and ultimately jeopardizing the health of the ecosystem (
Environmental
Fact Sheet
). Development of areas surrounding salt marshes also has the potential to
negatively impact saltmarsh ecology; specifically, the anthropogenic factors associated
with urban development have the proclivity to increase the amount of pollution, nutrients
and potential nonnative species to which the saltmarsh is exposed, thereby negatively
impacting the health of the salt marsh (
Environmental Fact Sheet
).
Although all types of aforementioned development have potentially negative
impacts on the health of saltmarsh ecosystems, development as defined by the physical
reduction of saltmarsh habitat due to the construction of structures in saltmarsh
environments, has huge implications with respect to diamondback terrapin nesting, by
reducing the amount of physical nesting habitat available to this threatened species
(Brennessel, 2006). Thus, development, resulting in the reduction of saltmarsh habitat
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increases strain on an already threatened species (Brennessel, 2006). Furthermore,
construction of saltmarsh habitat may have larger ramifications on the overall health of
the ecosystem; specifically, the proximity of water and potential for erosion may prompt
property owners to implement protective measures such as riprap, rock gabions, groynes,
seawalls and/or off shore breakers to protect their investments (Prasetya). Implementation
of such protective measures may alter the terrain and further reduce the amount of
saltmarsh habitat available to marine life, such as diamondback terrapins who rely on the
shoreline terrain for nesting purposes (Clowes, 2013).
The Herring River dike, in Wellfleet Massachusetts, represents a carefully
documented example of the ramifications of coastal development on both saltmarsh
habitat and the surrounding wildlife. Initially constructed in 1909, as a form of mosquito
control and as a means of creating suitable land for cranberry agriculture, the dike has
had a multifaceted deleterious ecological impact, including obstructing and altering tidal
flow and decreasing the geographic area of the saltmarsh (
Project History
). The
ramifications of the dike are being studied in a population study conducted by Brennessel
and her coworkers by observing the annual diamondback terrapin populations on either
side of the dike to monitor the diamondback terrapin population before and after the
planned restoration of the Herring River and its salt marsh (Brennessel, 2006).
As the demand for coastal construction increases resulting in further development
of coastal zones including saltmarshes, other means of protecting saltmarsh habitat have
become increasingly important to ensure the survival of species who depend on these
ecosystems. The creation of “turtle gardens,” artificially created and maintained sites for
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turtle nesting have been initiated to combat nesting habitat loss. In Wellfleet and Orleans,
turtle gardens have been implemented as a mean of augmenting the amount of habitat
available for diamondback terrapin nesting. Mixed success, of nesting activity, defined as
the number of diamondback terrapin nests containing eggs, varied both within and
between sites studied.
Variation in observed nesting activity, indicates the need for further research of
the ecological characteristics of diamondback terrapin nest sites to determine ecological
preferences of diamondback terrapins. The resulting data can then be implemented by the
Massachusetts Audubon Society, specifically the Wellfleet Bay Wildlife Sanctuary to
plan turtle gardens better suited to the needs of the local diamondback terrapin
population, thereby alleviating some of the environment strain on this threatened species.
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Chapter Two: Methods
Methods: Section 1
Methods Rational:

1.1
Study Sites:

Samples were collected on June 4, 2015 as well as throughout the beginning of the month
of July, specifically July 4th, 6th, 7th and 9th, 2015 from various locations in Wellfleet,
Massachusetts including: the Massachusetts Audubon’s Wellfleet Bay Wildlife
Sanctuary, Great Island, Indian Neck, Sewell’s Gutter, the Route 6 Mobil Station’s Turtle
Garden and Lieutenant Island. Other samples were obtained from White’s lane in
Orleans, Massachusetts. In total 44 nest sites were sampled: 5 samples from Great Island,
12

2 samples from the Mobil Station, 10 from Indian Neck, 6 from Lieutenant Island, 17
from the Audubon and 4 from White’s Lane. proximity

1.2 Finding A Sampling Site:
Standard procedure was followed and replicated for each sample collected. First a
diamondback terrapin nesting site was located, either by observing the presence of a
predator excluder or P.E., a cage used to deter predators from uncovering nests, or
signaling stones (arranged by humans to signify the presence of a terrapin nest). A 97.5
by 97.5centimeter quadrat was constructed around the nest, positioning the nest in the
center of the quadrat. A photo of the nest and quadrat was taken so that it could be
analyzed at a later date to determine percent vegetation of each nesting site.

1.3 Obtaining Substrate Samples:
A small hole from which substrate samples were extracted was dug within the quadrat
near the nest site, but not close enough to disturb the nest. One ruler was laid parallel to
the surface of the terrain, this ruler served as the “meniscus” while a second ruler was
inserted vertically into the hole. Depth of the hole was determined by reading the
measurement on the vertical rule at the “meniscus” level of the horizontal ruler. Two
samples were collected at 6 and 12 centimeters for each nesting site. Samples were taken
from these depths due to the importance of these depths in the architecture of
diamondback terrapin nests. Using a spoon, samples were obtained by scooping parallel
to the surface of the terrain to maintain proper depth. Samples were promptly placed in
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separate 16.5 x 8.2 centimeter Ziploc Bags, labeled accordingly and bags were securely
sealed.

1.4 Labeling Samples:
Each sample was assigned its own identification code. Codes comprised of a number
corresponding to the location of the nest followed by a letter corresponding to the depth
at which the sample was obtained; “a” for samples obtained at 6 centimeters and “b” for
samples collected at 12 centimeters.

1.5 Data Collected At Sampling Sites:
Data were collected at each nesting site including; date, time, nest direction (which way
the nest faced), latitude, longitude, elevation, substrate compaction, type of garden
(human made turtle garden or natural nest site) and a preliminary moisture content.

1.5 a Nest Direction:
Diamondback terrapin nests tend to me on slanted surfaces. Noting the initial tilt
or slope of the nest, a compass was then used to determine the cardinal
directionality of the nest.

1.5 b Latitude & Longitude and Elevation:
Latitude, longitude and elevation of nesting locations were determined using a
Garmin GPS. The active Garmin was placed within the quadrat close to the nest
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site, and then allowed to acquire satellites before the latitude, longitude and
elevation were recorded.

1.5 b i Elevation:
Elevation for nest twenty two was not attainable on site. Using data from
parameters which could reasonably be expected to have a correlation to
the elevation of the nest site, such as latitude and longitudinal parameters,
scatter plots were constructed placing elevation on the yaxis and latitude
and longitude as respective xaxes. Trend lines and corresponding
equations and Rsquared values were displayed on the constructed graphs.
R squared values were compared and the graph depicting latitudinal values
as its xaxis and elevation as its yaxis was determined to be the graph
with the highest Rsquared value. Using the equation associated with this
graph, the known latitude for nest twenty two was substituted into the
equation as the “xvalue,” the resultant yvalue represented the
extrapolated elevation value for nest site twenty two.

1.5 c Substrate Compaction:
A DickeyJohn substrate compaction meter was used to determine the substrate
compaction at each test site. A finely calibrated scale ranging from 0 to 100 with
demarcations at intervals of 12.5 was superimposed on top of the DickeyJohn
substrate compaction meter because the instrument was not finely calibrated.
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Placing the ¾ inch tip on the substrate compaction meter, the meter was placed in
the substrate near the nest site within the confines of the quadrat. Two
measurements were recorded for each site at depths of 6 and 12 centimeters. To
maintain desired depth, a ruler was vertically inserted into the ground parallel to
the shaft of the substrate compaction meter. All measurements were recorded in a
comprehensive data sheet in line with the corresponding location and
identification number.

1.5 d Substrate Moisture Meter:
A substrate moisture meter was used in the hopes of obtaining an accurate
measurement of the substrate moisture content. Moisture content was recorded at
two depths for each location: 6cm and 12cm. Proper depth was maintained by
inserting a ruler vertically into the earth along side the substrate moisture meter.
Although the substrate moisture meter was intended to read the substrate moisture
content of each observed nesting location, the meter was incapable of gauging the
subtly in substrate moisture content of most sites, recording zero moisture content
for every depth/location. Thus the data obtained using this tool must be
disregarded.

1.5 e Type Of Nesting Sites:
Two types of sites were studied: turtle gardens and natural nesting sites. Turtle
gardens were defined as habitat created and maintained by humans for
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specifically for turtle nesting. Natural sites were defined as turtle nesting sites not
maintained or created by humans, which gravid females used as nesting locations.

1.6 Substrate Sample Transport:
substrate samples were collected (1.3), labeled (1.4) and taken back to the lab for further
moisture content analysis. When transporting and storing substrate samples; Ziploc bags
were grouped together by identification number and location and placed into trash bags.
Trash bags were twisted shut and then placed into boxes. Boxes were labeled in
accordance with the subset of samples they contained and were stored in cool, dark
spaces.

1.7 Substrate Moisture Content: Drying Oven
Due to the inability of the substrate moisture meter to accurately measure substrate
moisture content in the field, it became necessary to collect data substrate moisture using
a different technique. After transporting substrate samples back to the lab the first course
of action was to determine substrate moisture content of each sample. To do this a
standard procedure was followed for each sample. A small round glass Pyrex container
was cleaned, labeled with the corresponding identification number and weighed. The
weight of the empty container, or “boat,” was recorded in the corresponding box of the
data sheet. The weight of the boat was then tared and about 100 grams of sample was
added to the boat and the weight was recorded. Before adding sample, the bag was
shaken to equally distribute moisture throughout the sample. Weighed samples were then
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transported to a drying oven, and placed inside for 9.5 hours at 110 degrees Celsius.
Samples were then removed from the drying oven, allowed to cool for approximately 30
minutes (or longer) and reweighed. The weight of the boat and the “dry” sample was
recorded.

1.7 a Substrate Moisture Content: Drying to a Constant
After all samples were reweighed, samples were put back into the drying oven for
five hours. Samples were then allowed to cool for approximately 30 minutes (or
longer) and reweighed. The weight of the boat and the “dry” sample was
recorded. Samples were dried for a second time to ensure complete desiccation as
reflected by a stabilization of weight.

1.7 b Substrate Moisture Content: Calculations
1.7 i Mass of Dry Sample:
(Mass of dry sample + boat (g)) – Mass of boat (g) = Mass of dry sample (g)

1.7 ii Mass of Water in Sample:
Mass dry sample (g) – Final mass after 9.5 hours (g) = Mass of water in sample (g)

1.7 iii Percent Mass of Water in Sample:
(Mass of H2O after 9.5 hrs (g)/Mass of original dry sample (g)) x 100 = Percent mass
of H2O in original sample (g)
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1.8 Substrate Analysis: Particle Size of Substrate:
Dried samples and a glass boat were obtained. The boat was placed on scale and tared.
Approximately 100 grams of sample was added to the boat and the initial weight was
recorded. The sample was then added to a stacked group of sifters of the following
grades: #5, #10, #35, #60, #120 and #230 and thoroughly shaken through.

1.8 a Substrate Analysis: Determining the weight of particles in each sieve
A glass container was placed on the scale and tared. The contents of the top sieve,
#5, were added to the glass container and the weight was recorded. The contents
of sieve #5 were then returned to the Ziploc bag from which they came. This
process was then repeated for each of the grades of sieves.

1.8 b Substrate Analysis: Calculating Percent Particle Size
The following equation was used to determine the percentage of a given particle
size in a sample.
(Weight of sample in sieve #5/Total weight of sample) = Percent particle composition of sample in
sieve #5

This process was then repeated for each of the grades of sieves for the sample.
Steps 1.8 a and 1.8 b were were repeated for all collected samples. Recorded data
was marked with an “A” if the sample was obtained from a depth of 6
centimeters, or a “B” if the sample was obtained from a depth of 12 centimeters.
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1.9 Quantitative Vegetation Analysis
:
1.9 a
Quantitative Quantitative Vegetation Analysis: Photo Identification

Photos of studied nests were printed. Physical photos were identified by
comparing them to digital photos. Digital photos were then used to determine
corresponding GPS information. GPS information was compared to the
comprehensive data sheet and used to determine the corresponding identification
code. The identification code was then annotated on the back of each photo.

1.9 b Quantitative Vegetation Analysis: Creating a Grid
A clear acetate sheet was obtained and a four inch by six inch grid drawn on it.
The grid was cut out and labeled: the four inch side was labeled sequentially a, b,
c and d, starting at “a” the six inch side was sequentially labeled 1, 2, 3, 4, 5 and
6.

1.9 c Quantitative Vegetation Analysis
:
The grid was placed over one of the identified photos. The following information
was recorded: the quadrant in which the nest is centered, the number and
identification of quadrants with no vegetation, sparse vegetation and dense
vegetation.

1.9 d Quantitative Vegetation Analysis: Qualitative Analysis of Vegetation
The following equation was used to determine the percent of the terrain without
vegetation at each nest site.
20

(Number of quadrants with “no vegetation”/Total number of quadrants) = Percent of “no
vegetation” surrounding nest site

This equation was repeated for “sparse vegetation” and “dense vegetation” for
each nest site studied. The preceding steps (1.9 a through 1.9 d) were repeated for
each nest site studied, except the nest site identified as “8” which had no
corresponding photo.

1.9 e Qualitative Quantitative Vegetation Analysis: Estimating a Value for
the Nest Site 8
Lack of a photo for nest site eight created a need to use other methods to predict
percent vegetative values for nest site eight. Using data from parameters which
could reasonably be expected to be correlated to percent vegetation values, graphs
were constructed. Data from a variety of parameters including: compaction,
particle composition, nest direction and percent water content in six sample after
9.5 hours were tested consecutively as potential xcoordinates, using data from
percent no vegetation as the ycoordinate. Trendlines, equations and Rsquared
values were displayed on each graph. Rsquared values of each graph were
compared: using a high Rvalue as an indication of more correlation between
percent no vegetation and the parameter of interest, the graph with the highest
Rvalue, the graph with data from percent water content in six centimeter sample
after 9.5 hours as its xcoordinates, was selected. Using the equation
corresponding to this graph, the unknown percent no vegetation value for nest
eight was extrapolated by substituting the known percent water content in six
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centimeter sample after 9.5 hours for nest eight as the xvalue into the equation as
the “x” variable and solving this equation to determine the unknown “y” value,
representing the unknown percent no vegetation for nest eight. Other unknown
vegetative values for nest eight were determined with similar graphs: using
percent water content in six centimeter sample after 9.5 hours on the xaxis and
consecutively using percent sparse vegetation and percent dense vegetation as
values for the yaxis. Consecutively using the corresponding equations to
extrapolate percent sparse vegetation and percent dense vegetation respectively,
all unknown percent vegetative values for nest eight were hypothesized.

1.10 Substrate Color:
1.10 a Substrate Color: Obtaining a Paper Standard
Four blank white sheets of printer paper were obtained and stacked on top of one
another. The stack of paper was then placed on a flat surface. The Alta II
reflectance spectrometer was positioned on the stack of white paper creating a
light tight barrier and ensuing dark current of the reflectance spectrometer was
recorded. A paper standard was obtained as the corresponding wavelength button
were pressed (blue, cyan, green, yellow, orange, red, deep red, IR1, IR2, IR3,
IR4) and the observed results were recorded.

1.10 b Substrate Color: Calculating Paper Standard Correction
Reflectance of the paper standard was corrected using the following equation:
Paper standard at blue wavelength  Dark current of paper standard = Corrected reflectance of
paper standard at blue wavelength
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Step 1.10b was then repeated for each paper standard wavelength.

1.10 c Substrate Color: Preparing the Sample
Three weigh boats were placed in a line on the stack of paper: the two end boats
were placed upside down and the middle boat was positioned right side up. Dried
samples obtained at 6 centimeter were added in succession. Sample was added
until flush with the top of the middle boat. A light tight barrier was then created
by placing the reflectance spectrometer on the three boats so the diodes of the
reflectance spectrometer were placed directly above the sample.

1.10 d Substrate Color: Determining
Reflectance of Sample

“Dark current” was recorded. Reflectance of the sample was recorded at eleven
different wavelengths (blue, cyan, green, yellow, orange, red, deep red, IR1, IR2,
IR3, IR4) using the reflectance spectrometer.

1.10 e Substrate Color: Calculating Observed Results Correction
Reflectance of each sample was corrected using the following equation:
Observed reflectance of sample at blue wavelength  dark current of sample = Corrected
reflectance of sample at blue wavelength

The equation was repeated for the data recorded from each of the eleven
wavelength of the sample. Step 1.10 e was then repeated for all samples obtained
from a depth of six centimeters.
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1.10 f Substrate Color: Determining Percent Reflectance of the Sample
The percent reflectance of a sample obtained at the blue wavelength was
determined using the following equation.
Corrected observed reflectance of sample at blue wavelength/Corrected “paper standard” at
corresponding wavelength = Percent reflectance of sample at blue wavelength

The preceding equation was repeated for the data recorded from each of the
eleven wavelength of the sample. Step 1.10f was then repeated for all samples
with recorded wavelength information.

1.11 Distance To Water:
Google Earth was used to calculate distance to water. “Push Pins” were placed at nest
sites and labeled with the corresponding nest number. Using the “Ruler” the distance
from the nest site to the high tide mark of the nearest water body was recorded in meters.

1.11 a Distance to Water: Determining the High Tide Mark for a Sandy
Substrate
Dark sand farthest from the source of water, and directly preceding the
“homogeneously” light sand, was defined as the high tide mark for sandy
substrate.
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1.11 b Distance to Water: Determining the High Tide Mark for a Salt Marsh
Dark patches of saltmarsh grass farthest from the source of water, and directly
preceding the “homogeneously” light saltmarsh grass, were defined as high tide
marks for nests near salt marsh environments.

1.11 c Distance to Water: Selecting a Path
When determining the distance to the water for both estuaries and sandy
substrates the shortest distance between the high tide mark and the nest site was
selected as determined by the methods outlined in sections 1.11 a and 1.11 b
respectively.

1.12 Weather:
Samples were obtained June 4, 2015 as well as throughout the beginning of the month of
July, specifically July 4th, 6th, 7th and 9th, 2015. Weather conditions of the day of
collection including mean temperature, avergage humidity, and precipitation were
obtained via the internet (
http://www.wunderground.com/history/
?) and recorded.
Weather conditions outlined above were also collected for dates two days preceding the
date of collection, as well as one day preceding the date of collection.
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Methods: Section 2
2.1 Statistical Analysis:
2.1 a Statistical Analysis: Preparing Data
After data were compiled in a comprehensive spreadsheet, data were reviewed
and extracted and compiled in a new spreadsheet constructed according to the
following format: column titles describing parameters studied and rows
displaying the corresponding data for each nest site.

2.1 b Statistical Analysis: Principal Component Analysis (PCA)
Using statistical package for the social science (SPSS) software, a PCA analysis
was performed according to instructions found in section 5 of Robin Beaumont’s
website,
http://www.floppybunny.org/robin/web/virtualclassroom/stats/statistics2/pca1.pdf
(Beaumont, 2012). Data input in SPSS was formatted according to the
instructions outlined in 2.1 a. The resulting components were analyzed and the
salient parameters of each were determined.

2.1 c Statistical Analysis: Analysis of SPSS Output
Output of SPSS was reviewed and further analysis was focused on the
“component matrix.” Components, derived units which correlate to the amount of
variance (variability in the data set) observed in parameters studied in the data set,
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were analyzed to determine the salient parameters for each component.
Parameters with high component values, near +/1, had greater correlation to the
component and were grouped together to explain the variance described by the
component of interest. Parameters described by negative component values have
an inverse relationship with the given component, while parameters whose
component values are positive have a direct relationship with the component of
interest. Component one describes the largest amount of variance in the data set,
while consecutive components describe variance observed in data set in
descending order of salience.
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Chapter Three: Results
Results: Section 1
1.5 a Nest Direction:
It was determined that the majority of nests for which data was recovered faced
due south, however a number of nests were observed facing other southern and northern
directions (Figure 1.5 ai). To simplify nest direction information, specific nest directions
were collapsed into the main cardinal directions (Figure 1.5 aii). After collapsing the
data, it was determined that 56.8% of the nests for which information was obtained faced
a southern direction (Figure 1.5 aii). Nests for which data was collected and did not face
south tended to face a northern direction (Figure 1.5 aiii). At some nests sites no
elevation was calculated, due to mechanical or human error, thus a substantial amount of
nests lack elevation information (Figure 1.5 ai & Figure 1.5 aii).

1.5 b i Elevation:
Initially, elevation data was examined comprehensively (Figure 1.5 bi).
Evaluation of all elevation data collected yielded a mean elevation of 20.60 Meters
Above Sea Level (MASL) with a standard deviation of 18.31, indicating that there was a
wide spread of data about the mean and a standard error of 2.76. Outliers observed in the
data indicated that reformating analytical techniques could be necessary.
Observations of the number of diamondback terrapin nests observed at different
elevations indicates that: 95.5% of the nests were constructed at elevations lower than 50
MASL, 84.1% of the nests were constructed at elevations lower than 40 MASL and
72.7% of nests were constructed at elevations less than 30 MASL.
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To determine if different habitat types would result in different elevation
preferences for diamondback terrapin nest site selection, data were divided up by habitat
type: salt marsh and shore. Data were defined as belonging to either “shore” or “salt
marsh” based on characteristic vegetation patterns of those environments (shore: N=13,
salt marsh=31).
After bifurcation of data by habitat type, shore and salt marsh, data were
subsequently reexamined (Figure 1.5 bii & Figure 1.5 biii). It was determined that the
average elevation for nest sites from the shore was 20.52 MASL, with a standard
deviation of 20.63 and a standard error of 3.77 (Figure 1.5 bii). Elevation information for
nests located in salt marsh habitat had an average elevation of 18.62 MASL, with a
standard deviation of 12.79 and a standard error of 3.54 (Figure 1.5 biii).
Observations of the number of diamondback terrapins nests observed at different
elevations by habitat type yielded the following results: “shore” nest sites displayed high
variation in the number of nests observed at various elevations, while 93.3% of “salt
marsh” nests observed were situated less than 45 MASL with a peak between 5  15
MASL comprising 36.7% of the “salt marsh” nests environment (Figure 1.5 bii & Figure
1.5 b iii).

1.5 c Substrate Compaction:
Average substrate compaction was calculated for samples taken from a depth of 6
cm and 12 cm. Samples obtained from a depth of 6 cm had an average compaction of
12.89 Pounds per Square Inch (PSI), with a standard deviation of 11.15 and a standard
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error of 1.68. Samples from a depth of 12 cm had an average compaction of 38.24 PSI,
with a standard error of 2.43 and a standard deviation of 16.09 (Figure 1.5 ci).
To study number of diamondback terrapin nests corresponding to the varying
levels of compaction observed, histograms were created for samples obtained from
depths of 6 cm and 12 cm respectively. The histogram for samples derived at a depth of 6
cm indicated that 95.5% of samples from this depth had compactions of 33 PSI or less,
with a peak observed between 9 PSI  15 PSI which accounted for 43.2% of the samples
obtained from this depth (Figure 1.5 cii). Samples obtained from a depth of 12 cm were
much more varied in their levels of compaction, however a peak was observed between
47.5 PSI and 52.5 PSI which accounted for 34.1% of these samples (Figure 1.5 ciii).

1.7 Substrate Moisture Content:
Mean percent substrate moisture content was calculated for samples obtained at
depths of 6 cm and 12 cm. Samples obtained at 6 cm had a mean percent moisture
content of 2.01, with a standard deviation of 1.92 and a standard error of 0.29. Samples
taken at 12 cm had a mean percent moisture content of 2.31, with a standard deviation of
1.51 and a standard error of 0.23 (Figure 1.7 i).
To provide a different view of the data, histograms were constructed for 6 cm and
12 cm samples. Data displayed on both the histograms mirrored the spread of data
described above: specifically, a peak comprising 50% of the data for samples obtained at
a depth of 6 cm was observed between substrate moisture contents of 0.5% and 2.5% and
a peak comprising 54.5% of the data was observed between percent moisture
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concentration between 1.20% and 2.80% for samples obtained from a depth of 12 cm.
Data for percent moisture content for both depths was fairly well grouped around the
peaks, corroborating the low standard deviation observed in both 6 cm and 12 cm
samples (Figure 1.7 ii & Figure 1.7 iii).

1.8 Percent Particle Composition
:
Average percent particle composition was calculated for samples taken from
depths of 6 cm and 12 cm. Samples obtained from a depth of 6 cm tended to have high
concentrations of coarse sand, fine sand and coarse silt. Specifically, samples obtained
from a depth of 6 cm had the following mean percent particle compositions: 0.017 coarse
gravel, 0.029 fine gravel, 0.527 coarse sand, 0.326 fine sand, 0.098 coarse silt, 0.014 fine
silt and 0.007 clay. Standard deviation for each particle type was calculated for 6 cm
samples and corresponds as follows: samples obtained from a depth of 6 cm had the
following mean percent particle compositions: 0.036 coarse gravel, 0.096 fine gravel,
0.192 coarse sand, 0.134 fine sand, 0.067 coarse silt, 0.014 fine silt and 0.010 clay.
Standard error of data obtained from 6 cm samples corresponds as follows: 0.005 coarse
gravel, 0.015 fine gravel, 0.029 coarse sand, 0.020 fine sand, 0.010 coarse silt, 0.002 fine
silt and 0.001 clay (Figure 1.8 i).
Samples obtained from a depth of 12 cm showed a similar distribution of average
percent particle composition when compared to samples obtained from a depth of 6 cm
(Figure 1.8 i & Figure 1.8 ii); meaning samples obtained from a depth of 12 cm had the
greatest percent particle composition for the following types of sand: coarse sand, fine
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sand and coarse silt. 12 cm samples had the following mean percent particle compositions
for the corresponding particle categories: 0.020 coarse gravel, 0.019 fine gravel, 0.533
coarse sand, 0.325 fine sand, 0.086 coarse silt, 0.013 fine silt and 0.005 clay. Standard
deviation for particle types correspond as follows: 0.049 coarse gravel, 0.024 fine gravel,
0.178 coarse sand, 0.131 fine sand, 0.056 coarse silt, 0.012 fine silt and 0.007 clay.
Standard error of data obtained from 6 cm samples corresponds as follows: 0.007 coarse
gravel, 0.004 fine gravel, 0.027 coarse sand, 0.020 fine sand, 0.009 coarse silt, 0.002 fine
silt and 0.001 clay (Figure 1.8 ii).

1.9 Quantitative Vegetation Analysis:
The highest mean percent “vegetation” was expressed by vegetation type “no
vegetation,” which had a mean percent coverage of 0.453 with a standard deviation of
0.322 and a standard error of 0.049. Sparse vegetation had the second highest mean
percent vegetation of 0.377 with a standard deviation of 0.252 and a standard error of
0.038. Dense vegetation had the lowest mean percent vegetation, 0.169, with a standard
deviation of 0.179 and a standard error of 0.027 (Figure 1.9 i).

1.10: Percent Reflectance:
Mean percent reflectance data suggest that average percent reflectance of sand
increases as wavelength increases, as expected of a sandy colored substrate. Mean
percent reflectance was observed among the following wavelengths: 0.123 blue, 0.205
cyan, 0.237 green, 0.290 yellow, 0.309 orange, 0.322 red, 0.357 deep red, 0.365 IR1,
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0.364 IR2, 0.384 IR3 and 0.355 IR4. The following standard deviations for the
corresponding wavelengths were observed for average percent reflectance: 0.035 blue,
0.053 cyan, 0.058 green, 0.059 yellow, 0.076 orange, 0.088 red, 0.087 deep red, 0.093
IR1 0.091, 0.074 IR2, 0.072 IR3 and 0.068 IR4. The following standard error for the
corresponding wavelengths were observed for average percent reflectance: 0.005 blue,
0.008 cyan, 0.009 green, 0.012 yellow, 0.013 orange, 0.013 red, 0.014 deep red, 0.014
IR1 0.011, 0.011 IR2, 0.010 IR3 and 0.010 IR4 (Figure 1.10 i).
A graph displaying mean percent reflectance of all nests at given wavelengths was
created to demonstrate a relative comparison of mean percent reflectance among nests.
Preliminary analysis of this graph seems to indicate that there is one, if not two minor
trends in mean percent reflectance among nests (Figure 1.10 ii).

1.11 Distance to High Tide Mark:
Mean distance to high tide mark was 39.3 meters, with a standard deviation of
30.1 and a standard error of 4.5. A histogram displaying the number of all nests observed
at varying distances to high tide mark was created. Analysis of this histogram revealed
that: 93.2% of the nests were less than 84 meters from the high tide mark. The histogram
had a peak between 28 meters and 36 meters from the high tide mark which accounted
for 22.7% of the total data (Figure 1.11 i)
Data was bifurcated by habitat type: salt marsh or shore (as described in results
section “1.5 b i Elevation”), and average distance to high tide mark was determined for
the two habitat types (Figure 1.11 iii & Figure 1.11 iv).
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Average distance to high tide mark for salt marsh habitat was 31.0 meters, with a
standard deviation of 23.5 and a standard error of 4.3 (Figure 1.11 ii). Analysing the
frequencies observed in the histogram of distance to high tide mark observed in the salt
marsh environment, it was noted that the majority of data was skewed with a trend
toward lower distances between nest sites and the high tide mark, specifically 71.0% of
nests observed were laid under 35 meters from the high tide mark and 67.7% of the total
number of nests observed were laid between 5 meters and 35 meters from the high tide
mark (Figure 1.11 iv).
“Shore” habitat had a higher mean distance to shore, 54.7 meters, with a standard
deviation of 38.6 and a standard error of 10.7 (Figure 1.11 ii). Analyzing the “shore”
histogram revealed that there was greater variance observed in number of nests distance
to high tide mark in shore habitat than in salt marsh habitat, with a peak observed
between 25 meters and 45 meters which accounted for 38.5% of the nest sites observed in
the “shore” environment (1.11 iii).
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Figures: Section 1

Figure 1.5 ai
: Number of nests studied facing corresponding cardinal directions.

Figure 1.5 aii
: Number of nests facing corresponding cardinal directions. Nests facing a
southern direction and nests facing a northern direction were grouped together
respectively.
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Figure 1.5 bi
: Number of nests at given elevations for nests from all locations.

Figure 1.5 bii
: Histogram displaying the number of nests from shore habitat at given
elevations.
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Figure 1.5 b iii
: Histogram displaying the number of nests from salt marsh habitat at
given elevations.

Figure 1.5 ci
: Average compaction of samples at depths of 6 cm and 12 cm.
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Figure 1.5 cii
: Histogram displaying the number nests observed at varying levels of
compaction among 6 cm samples.

Figure 1.5 ciii
: Histogram displaying the number of nests observed at varying levels of
compaction among 12 cm samples.
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Figure 1.7 i
: Average percent substrate moisture content of 6 cm and 12 cm samples.

Figure 1.7 ii
: Histogram displaying the number of nests whose 6 cm samples correlate to
specified percent substrate moisture content.
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Figure 1.7 iii
: Histogram displaying the number of nests whose 12 cm samples correlate
to specified percent substrate moisture content.

Figure 1.8 i
: Average percent particle compositions of 6 cm samples.
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Figure 1.8 ii
:
Average percent particle compositions of 12 cm samples.


Figure 1.9 i
: Average percent vegetation of different vegetative types.
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Figure 1.10 i
: Average percent reflectance of 6 cm samples at different wavelengths.

Figure 1.10 ii
: Percent reflectance of all 6 cm samples at varying wavelengths.
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Figure 1.11 i
: Histogram displaying the number of nests with similar distances to water.

Figure 1.11 ii
: Average distance to high tide mark for nests sampled in salt marsh and
shore habitats.
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Figure 1.11 iii
: Histogram of the number of nests from shore habitat at varying distances
to high tide mark.

Figure 1.11 iv
: Histogram displaying the number of nests from salt marsh habitat at
varying distances to high tide mark.
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Figure 1.11 v
: Example of how distance to high tide mark from nest was determined
using Google Earth. Data of photos: 5/23/2015

Figure 1.12 ai
: Weather conditions observed two days prior, one day prior and day of
collection sample.
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Results: Section 2:
2.1 c Statistical Analysis: Analysis of SPSS Output:
Eight components, derived units of variance, were found to describe this data set.
Component one describes 41.2% of the total variance within the parameters of the data
set. Parameters which had the highest bearing on component one are wavelength values
associated with the following colors: green (0.944), yellow (0.924), cyan (0.904), IR2
(0.889), IR1 (0.883), IR3 (0.871), orange (0.858), red (0.844) and deep red (0.832). Other
salient parameters to component one include: percent reflectance IR4 (0.79), longitude
(0.761), percent reflectance blue (0.749), latitude (0.748), percent particle composition
230# at 12cm (0.742), percent particle composition 35# at 6 cm (0.726) and percent
water at 6cm (0.704) (Figure 1).
Component two describes 12.4% of the total variance observed among the
parameters of the data set. Parameters which had the greatest bearing on component two
were parameters associated with certain percent particle sizes including: percent particle
composition 60# at 12cm (0.852), percent particle composition 60#at 6 cm (0.763),
percent particle composition 5# at 12cm (0.708) and percent particle composition 5# at 6
cm (0.644) (Figure 2).
Component three describes 9.5% of the cumulative variance observed in the data
set. The parameters which are more salient to component three include parameters
describing percent particle composition of samples and distance to water, specifically:
percent particle composition 10# at 12cm (0.615), percent particle composition 230# at
12cm (0.543), percent no vegetation (0.484) and distance to water (0.462) (Figure 3).
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5.7% of the total variance observed in the data set is described by component four
whose most salient parameters include compaction and elevation information,
specifically: compaction at 12 cm (0.73), elevation (0.697) and compaction at 6 cm
(0.673).
Component five describes 5.3% of the total variance observed in the data set. The
most salient parameters comprising component five include percent particle composition,
compaction and percent reflectance information: percent particle composition 10# at 6
cm (0.565), nest direction (0.414), percent reflectance IR4 (0.405) and percent
reflectance blue (0.402).
4.2% of the total variance observed in the data set is described by component six.
The most salient parameters comprising component six are parameters which describe
vegetative condition around nest sites, specifically the parameters which describe:
percent dense vegetation (0.610) and percent no vegetation (0.533).
Component seven describes 3.6% of the total variance observed in the data set.
The parameters which have the greatest bearing on component seven include are
parameters describing percent water in sample at varying depths, specifically, percent
water in sample at a depth of 12cm (0.427) and percent water in sample at a depth of 6cm
(0.412).
3.3% of the total variance of the data set is described by component eight. The
most salient parameters which comprise component eight describe nest direction and
vegetative, specifically, nest direction (0.588) and percent sparse vegetation (0.425).
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Figures: Section 2

Figure 1
: Corresponding component one values for all parameters studied.

Figure 2
: Corresponding component two values for all parameters studied.
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Figure 3
: Component 3 values for all parameters studied.

Figure 4
: Component 4 values for all parameters studied.
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Figure 5
: Component 5 values for all parameters studied.

Figure 6
: Component 6 values for all parameters studied.
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Figure 7
: Component 7 values for all parameters studied.

Figure 8
: Component 8 values for all parameters studied.
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Chapter Four: Discussion and Conclusions
Discussions and Conclusions: Section 1
1.5 a Nest Direction:
The 56.8% of nests sampled, for which data were collected, faced a southern
direction (Figure 1.5 ai & Figure 1.5 aii), providing support for the initial hypothesis that
the majority of terrapin nests would face a southern direction. These results are supported
by the research of Burger, who studied the directionality of terrapin nest sites (Burger,
1976). Burger’s 1976 research indicated that northern facing slopes had lower mean daily
temperatures than southern facing slopes (Burger, 1976). Based on these findings, Burger
hypothesized that, due to a 1 to 2 degree lower mean daily temperature on northern facing
slopes as compared to southern facing slopes, nests situated on northern facing slopes
would have longer incubation periods, typically lasting 79 +/ 3 days compared to the 71
+/ 3 days incubation period of embryos developing on southern slopes (Brennessel,
2006). Burger posited that longer mean incubation periods experienced on northern
facing slopes would result in a nesting preference for southern facing slopes (Burger,
1976).
If this experiment were repeated in the future, researchers should be conscientious
about recording all nest direction data from all nest sites.

1.5 b i Elevation:
The average elevation observed among nests was 20.60 MASL. The relatively
large standard deviation, 18.31, indicates that the data were quite varied for this
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parameter. The relatively large standard error, 2.76, indicates that one can conclude with
95% confidence that the “true” mean elevation of terrapin nests lies between 15.08
MASL and 26.12 MASL, a fairly wide range (Figure 1.5 bi).
In an attempt to understand the potential impact of habitat on elevation, the
comprehensive data set was subdivided by habitat type into the following categories:
“salt marsh” and “shore” (according to the method outlined in the results section “1.5 bi
elevation”), and then reexamined. Secondary analysis of “salt marsh” and “shore” groups
revealed similar average elevation values for both habitats, with a slightly lower average
elevation for the nests from salt marsh habitats: 20.52 MASL for shore and 18.62 MASL
for salt marsh habitats respectively (Figure 1.5 bii & Figure 1.5 biii).
Elevation data from the shore group had a relatively high standard deviation,
20.63, indicating that the data collected for this parameter were highly varied about the
mean, 18.62 MASL. A fairly high standard error, 3.77, was observed in the shore group,
which allows one to conclude with 95% confidence that the population mean for terrapin
nest elevation is between 12.98 MASL and 28.06 MASL (Figure 1.5 bii).
The high standard deviation, 12.79, observed for salt marsh elevation data
indicates that the data for this parameter were highly varied about the mean, 18.62
MASL. High standard error, 3.54, indicates that one can say with 95% confidence that
the population mean for the salt marsh group lies between 5.71 and 19.87 (Figure 1.5
biii).
In conclusion, while the analysis of each data set (the comprehensive data set and
the two data sets subdivided by habitat type) yielded a similar mean elevation of nest
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sites, around 20 MASL, relatively high standard deviation observed in the analysis of
each data set reveals that the data was highly varied about the mean. The high variance of
data about the mean may indicate that averages derived from each data set may not
accurately represent the majority of diamondback terrapin nest sites. High variation in
elevation of nests sites as indicated by the high standard deviation associated with this
parameter (throughout all analyses) may indicate that diamondback terrapins do not have
a specific height at which they prefer to nest.
While analysis of elevation data indicates that diamondback terrapins may not
have a narrow range at which they prefer to nest, analysis of the histogram depicting
elevation from all nest sites data provides other insights into the elevation of
diamondback terrapin nests. Specifically, 95.5% of the nests were constructed at
elevations lower than 50 MASL. Further analysis of this same data set indicates that
84.1% of the nests were constructed at elevations lower than 40 MASL and 72.7% of
nests were constructed at elevations less than 30 MASL. These results indicate that
diamondback terrapins have a tendency to nest at lower elevations (Figure 1.5 bi).
Analysis of the data bifurcated by habitat type provides further insight to trends
observed within the data, specifically, while the histogram depicting data from the salt
marsh environment indicated that 93.3% of “salt marsh” nests observed were situated at
elevations less than 45 MASL indicating a clear trend for diamondback terrapin nesting
at elevations less than 45 MASL in salt marsh habitat, with a peak between 5  15 MASL
comprising 36.7% of the “salt marsh” nests environment, potentially demonstrating a
prefered elevation for diamondback terrapin nest sites, the histogram of data from the
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shore environment was much more varied (Figure 1.5 bii & Figure 1.5 biii). The variation
observed in the histogram of data obtained from the shore environment may indicating
the presence of abiotic factors such as dunes or construction resulting in varied elevation
information for shore habitats (Figure 1.5 bii).
These findings are supported by the work of Aaron Baxter, a principal
investigator interested in diamondback terrapin nesting habitat in Texas. The results of
Baxter’s survey indicated that diamondback terrapins nest above the high tide line to
reduce the potential for nest flooding and subsequent embryonic death (Baxter, 2015).
Baxter’s work also indicates that nests constructed at higher elevations may indicate the
presence of abiotic factors such as geological impediments and construction, impeding
diamondback terrapin nesting at lower elevations (Baxter, 2015).

1.5 c Substrate Compaction:
The average substrate compaction of samples obtained from a depth of 6 cm, 12.9
PSI, was lower than the average substrate compaction obtained from a depth of 12 cm,
38.2 PSI. Large standard deviation values for data derived from samples obtained from a
depth of 6cm, 11.2 and samples obtained from a depth of 12 cm, 16.1, indicate the data,
obtained is greatly varied about the mean. Large variance about the mean indicates that
the substrate compaction data obtained at these two depths may not provide a wholly
accurate representation of the respective sample means. Furthermore, large standard error
values, 1.7 for 6 cm samples and 2.4 for 12 cm samples, indicate that the mean derived
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from the compaction samples may not provide an accurate representation of the true
mean (Figure 1.5 ci).
High variance among substrate compaction data from depths of 6 cm and 12 cm
may indicate that substrate compaction is not a salient parameter in diamondback terrapin
nest selection. These results are supported by the findings of Brian Williamson, an
undergraduate researcher at Roger Williams University who performed a survey of
diamondback terrapin nest sites, the results of which indicted that substrate compaction
was not a major factor impacting nest site selection (Williamson, 2011).
As an alternative to calculating average substrate compaction for varying depths
as a means of determining ideal substrate compaction for diamondback terrapin nest sites,
histograms displaying the frequency of compaction were constructed (Figure 1.5 cii &
Figure 1.5 ciii). Histograms reveal clear trends previously hidden within the data,
specifically; there was a peak of 6 cm samples with compaction values between 9 PSI
and 15 PSI which accounted for 43.2% of the 6 cm compaction data and a peak of 12 cm
compaction values between 47.5 PSI and 52.5 PSI which accounted for 34.1% of the 12
cm compaction data (Figure 1.5 cii & Figure 1.5 ciii).
Analysis of histograms may provide more insightful information than the mean
substrate compaction as the mean values represent a derived number, while the histogram
allows one to quantifiably observe the preferences of the diamondback terrapin. Thus,
contrary to the results derived by averaging substrate compaction data for the two depths
studied as well as Williamson’s findings, one can tentatively conclude that terrapins
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prefer compaction between 9 PSI and 15 PSI at a depth of 6 cm and compaction between
47.5 PSI and 52.5 PSI at depths of 12 cm (Figure 1.5 cii & Figure 1.5 ciii).

1.7 Substrate Moisture Content:
Mean moisture content of samples obtained from a depth of 12 cm, 2.31%, was
slightly higher than that of samples obtained from a depth of 6 cm, 2.01%. While the
majority of samples obtained from a depth of 6 cm had a lower percent water content
than their 12 cm counterpart, some samples obtained from a depth of 6 cm had a higher
percent water content than samples from their 12 cm counterpart. Higher percent water
content in 6 cm samples than their 12 cm counterpart may have been observed due to
recent precipitation prior to attainment of sample (Figure 1.7 i).
Substrate moisture content of samples obtained from a depth of 6 cm had a
relatively low standard deviation of 1.92 indicating that the data obtained was tightly
grouped about mean. Standard error for samples obtained from a depth of 6 cm had a
relatively low standard error of 0.29, thus one can be 95% confident that the true mean of
substrate moisture content of 6 cm samples lies between 1.43% and 2.59% (Figure 1.7 i).
The histogram displaying the number of nests whose 6 cm samples correlate to specified
percent water concentrations reaffirms these results, indicating that the ideal substrate
moisture content of 6 cm samples lies between 1.43% and 2.59% (Figure 1.7 ii)
Samples obtained from a depth of 12 cm had a low standard deviation, 1.51. The
relatively low standard deviation observed in substrate moisture content data of 12 cm
samples indicates that there is low variance of data about the mean. Low standard error
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associated with data derived from 12 cm samples indicates that one can be 95% confident
that the true mean moisture content of 12 cm samples lies between 1.85% and 2.77%
(Figure 1.7 i). The histogram depicting substrate moisture content of data from 12 cm
samples supports this statistical analysis, indicating that the ideal substrate moisture
content of 12 cm samples lies between 1.85% and 2.77% (Figure 1.7 iii).
In conclusion, taking into account the weather conditions prior to and on the day
the samples were obtained, the mean percent water content of substrate from a depth of 6
cm was lower than the mean percent water content of substrate obtained from a depth of
12 cm, while still being relatively low (the mean percent water concentration of both
samples being less than 2.31%) at both depths. These findings are supported by the
results of McGehee, who researched the impact of moisture on sea turtle eggs and
hatchlings. After observing the hatch success of clutches raised in sand containing
varying levels of moisture, McGehee found that the largest percent hatch occurred at
lower moisture levels, while incubation time increased with increasing moisture
(McGehee, 1990). For those constructing turtle gardens for diamondback terrapins in
Wellfleet and Orleans, Massachusetts, this indicates that diamondback terrapins prefer
nest sites with relatively low percent water concentrations, specifically nest sites with
approximately 2.01% moisture concentration at depths of 6 cm and 2.31% moisture of
substrate at depths of 12 cm.
When drawing these conclusions based on the aforementioned data, it is
important to reaffirm that these conclusions are specifically drawn from data obtained
from Wellfleet and Orleans, Massachusetts, and as such specifically caters to
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understanding the ecological parameters of diamondback terrapin nest sites in these areas.
It is important to make note of this when making conclusion about such parameters as
percent moisture content in substrate which have the potential to be greatly impacted by
ambient ecological condition of the local area. Specifically, the above conclusions
regarding the low percent substrate moisture content of diamondback terrapin nest sites
may be impacted by the typically dry climate of Wellfleet and Orleans. Thus, the
conclusions regarding percent moisture concentration of substrate may be lower than
values for percent substrate moisture content obtained from other nesting areas used by
diamondback terrapin females on other parts of the East Coast of the United States due to
the dry climate of Cape Cod, including Wellfleet and Orleans, Massachusetts.
If this study were repeated in the future, one would be advised to forgo the use of
substrate moisture meters. After attempting to use a substrate moisture meter in the field,
it appears that this instrument is too coarsely calibrated to record the fine differentiations
in substrate moisture content found in sandy environments. One would do better to follow
the guidelines outlined in methods section 1.7 than to invest in a substrate moisture
meter.

1.8 Percent Particle Composition:
Average percent particle composition of 6 cm and 12 cm samples had similar
trends in mean particle compositions indicating that samples from varying depths were
composed of similar substrate. While samples from depths of 6 cm and 12 cm had similar
percent particle compositions, minor differences in the mean percent particle composition
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were noted specifically: the 6 cm sample had higher mean percent particle composition of
fine gravel, coarse silt and clay than the average percent particle composition of 12 cm
samples.
The average 6 cm sample was composed primarily of coarse sand, fine sand and
coarse silt. Other particle types were present in negligible values. Low standard
deviations indicates that the data is tightly grouped about the mean. Low standard error
values indicate that the true mean for each substrate type is relatively close to the derived
mean (Figure 1.8 i).
Samples obtained from a depth of 12 cm showed a similar distribution of average
percent particle composition when compared to samples obtained from a depth of 6 cm
(Figure 1.8 i & Figure 1.8 ii); i.e. greatest percent particle composition coarse sand, fine
sand and coarse silt. Low standard deviation associated with all particle types studied
indicates that data was tightly grouped around the mean. Furthermore, low standard error
indicates that the derived mean is fairly close to the true mean (Figure 1.8 ii).
In conclusion, the data indicate that diamondback terrapin prefer to nest in sandy
substrate composed mainly of the following particle composition, coarse sand, fine sand
and coarse silt. The research of Roosenberg, support these finding. After researching
substrate of diamondback terrapin nests sites, Roosenberg concluded that diamondback
terrapins prefer to nest in sandy substrates composed of large particles (Roosenberg,
1994). Roosenberg proposed that diamondback terrapins preferentially choose substrate
composed of large particles such as sand because large particles create space for the
diffusion of gasses and water flow (Roosenberg 1994). Due to the permeable nature of
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cleidoic eggs, the flow of gasses and water around the egg have a large impact on the
development of the embryo to the development of the embryo, thus substrate has major
implications on the development of the embryo (Tracy, et. al., 1978).

1.9 Quantitative Vegetation Analysis:
An inverse relationship was observed between density of vegetation and area of
vegetative coverage: specifically the more dense the vegetation the less area covered.
Thus, “no vegetation” covered the highest proportion of area around nesting sites, while
“dense vegetation” covered the least. Low standard deviation and standard error values
for all vegetative types observed indicate that the data was grouped tightly about the
mean and the true mean is close to the derived mean. Thus, results indicate that
diamondback terrapins prefer to nest in areas of no or sparse vegetation.
These results are supported by the work of Clowes who compared the tendencies
of diamondback terrapins to nest in vegetated versus open areas. The results of Clowes
study indicated that terrapins prefer to nest in open areas with lower percentage of
vegetation (Clowes, 2013).
If this experiment were repeated in the future, when taking photos of nest sites,
researchers should attempt to standardize the location of the nest with respect to the
constructed quadrat, the angle and the height at which each photo is taken photo is taken.
Implementing these measures should help standardize quantitative vegetation analysis.
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1.10: Percent Reflectance:
Average percent reflectance suggests that as wavelength increases, percent
reflectance increases, indicating that a typical sample of substrate has a higher percent
reflectance for higher wavelengths than smaller wavelengths, as is expected of samples
composed of sandy substrate (Figure 1.10 i). Low standard deviation and standard error
values indicate that mean percent reflectance provides a good representation of the data
collected and that the true mean lies somewhere close to the derived mean, thereby
providing further support for the preceding conclusion. Thus, it can be concluded that
diamondback terrapin females prefer nest sites with high percent reflectance at higher
wavelengths (warmer colors: yellow, orange, red, deep red, etc.) and low percent
reflectance at lower wavelengths (blue, cyan, green), meaning that diamondback terrapin
females prefer for warm colored substrate.
To examine the percent reflectance of all samples, a graph was created displaying
the percent reflectance of all samples at varying wavelengths (Figure 1.10 ii). While there
is a fair amount of variance in percent reflectance among data, there appears to be a weak
trend centered around percent reflectance values similar to those observed in nest 30.
Although the data appears to contain a slight trend, about which nearly half of the
samples are centered, a few samples, approximately five, have percent reflectance values
lower than those observed in trendline. Based upon these observations, it can be predicted
that the substrate of these outliers would be warmer than the substrate of the samples
described by the trendline.
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The other half of samples, which are not outliers nor are described by the
trendline, reside above the trendline and are more dispersed. Because these samples
reside above the trendline, one would expect the substrate from whence they came to be
cooler than the substrate of samples obtained from the trendline (Figure 1.10 ii).
Thus, while no conclusive statement can be made regarding the true temperature
of substrate, comparison of percent reflectance trends observed within the data allows for
conclusions regarding relative temperatures of substrate (Figure 1.10 ii).
In conclusion, the data can be described by two major trends: the first, a trend
centered around low mean percent reflectance values as compared to data observed in the
second trend, whose components have higher percent reflectance values and greater
dispersion than samples observed in the first trend. Lower percent reflectance values
observed in the first trend as compared to samples observed in the second trend indicate
that substrate from samples corresponding to the first trend would be warmer than
substrate from samples from the second trend. The correlation observed in the first trend
indicate that a majority of nests had similar mean percent reflectance, which may suggest
that there is a trend in this data (Figure 1.10 ii). The trend observed in the data may
indicate that diamondback terrapin females select a “baseline” percent reflectance, with
variance observed above the baseline. When performing future research, it would be
interesting to conduct further investigations regarding the temperature of nesting
substrate to better understand diamondback terrapin nesting substrate temperature
preferences; specifically, determining if there is a “baseline” percent reflectance, and if
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so, determining the percent reflectance of the corresponding wavelengths and researching
the ensuing temperature implications of the baseline percent reflectance on the substrate.

1.11 Distance to High Tide Mark:
Research performed by Burger and Montevecchi indicate that gravid
diamondback terrapins preferentially nest on high dunes near shoreline, potentially as an
adaptive behavior to avoid clutch mortality by flooding (Burger and Montevecchi, 1975).
While Burger and Montevecchi’s research indicates that diamondback terrapin females
preferentially nest above the high tide mark, little to no research has been conducted
regarding the actual distance of diamondback terrapin nesting above the high tide mark.
Analysis of a histogram depicting a all nest sites and their corresponding distances
to nests to the high tide mark, revealed 93.2% of nests were laid under 84 meters from the
high tide mark and 86.4% were laid 60 meters from the high tide mark. Upond further
analysis of this histogram, a mode was observed between 28 meters and 36 meters from
the high tide mark which comprised 22.7% of the overall data (Figure 1.11 i).
To obtain a different perspective regarding this data, the mean, standard deviation
and standard error were calculated for data obtained from all nest sites. The mean was
calculated to be of 39.3 meters from the high tide mark. However, a large standard
deviation value, 30.1, indicated high variation of data about the mean, and high standard
error value, 4.5, indicated the true mean may reside in a large range about the mean, thus
these calculations intimated that this analytical method may not have provided the most
accurate representation of the data (Figure 1.11 ii).
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To improve accuracy of analysis, data were bifurcated by habitat type salt marsh
or shore (according to definitions outlined in results section “1.5 bi”). Average distance
to high tide mark was determined for the two types. After, separate statistical analysis of
bifurcated data revealed, large standard deviations, and standard error values in both data
sets. These results indicated that the means derived from each data set may not provide an
accurate representation of trends observed in the data.
Moving away from data averaging as a means of determining ideal distance of
nest to high tide mark, histograms for the two habitat types, salt marsh and shore, were
constructed and analyzed (Figure 1.11 iii & Figure 1.11 iv). Analysis of the histogram of
number of nests observed at varying distances to high tide mark in shore ecosystems
revealed a wide spread of data spanning from 14.9 meters to 133 meters (corroborating
the large standard deviation). While data were widely dispersed, a peak was observed for
nests constructed between 25 meters and 45 meters away from the high tide mark. This
peak accounted for 38.5% of the total nests observed in shore ecosystems indicating a
potential trend of diamondback terrapin females to lay nests around 25 meters to 45
meters away from the high tide mark in shore habitat (Figure 1.11 iii).
The histogram of distance of nests to high tide marks in salt marsh ecosystems
revealed that data were skewed toward nests constructed near to the high tide mark,
specifically, 71.0% of the nests observed laid under 35 meters from the high tide mark.
While these results seem to indicate that diamondback terrapins prefer nest sites under 35
meters from the high tide mark, it is important to note that 67.7% of the total nests
observed in salt marsh ecosystems were laid between 5 meters and 35 meters from the
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high tide mark, with the largest peak correlating with nests laid between 25 meters and 35
meters from the high tide mark which accounted for 30% of the data from salt marsh
habitat. Thus, these results suggest that, in salt marsh ecosystems, diamondback terrapins
prefer nests sites between 5 meters and 35 meters from the high tide mark (Figure 1.11
iv).
In conclusion, when building a turtle garden for a diamondback terrapin, it would
be best to locate the garden close to, but not directly situated upon the high tide mark. It
would be best to locate the garden less than 60 meters from the most proximal high tide
mark. In shore habitat is may be best to locate the garden somewhere between 25 meters
and 45 meters above the high tide mark, and in salt marsh environment it may be best to
create a turtle garden between 5 meters and 35 meters away from the high tide mark.

Discussion and Conclusions: Section 2
2.1 c Statistical Analysis: Analysis of SPSS Output:
The eight salient component values are useful in their ability to reduce the
dimensions of the data. Dimensional reduction of parameters is accomplished by
comparing variance observed in the data for a given parameter and ascribing the variance
a component value. By breaking down each component and revealing the corresponding
parameters which comprise it, one is able to conceptualize which parameters account for
the given component in the data set. Thus, parameters which are most salient to a given
component may be dimensionally reduced due to the observed similarity of their
variance.
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In the field, the dimensional reduction of parameters may imply that measuring
one of the salient parameters of a given component may allow one to extrapolate the
values of other equally salient parameters for a given component. Thus, the results of this
principal component analysis may be useful in determining correlation among parameters
as well as reducing (dimensional reduction) the amount of parameters necessary to obtain
a similar data.
Based on this information the components can be understood in the following
way. Component one which accounts for 41.2% of variability observed in the data is
comprised of two main groups of parameters: mean percent reflectance, which is
positively correlated to component one, and mean percent particle composition 35# at 6
cm and 230# at 12 cm, which is negatively correlated to component one. Thus, by
obtaining a measurement for percent reflectance of the sample one could extrapolate
other percent reflectance values by performing calculations incorporating weighted
component means to derive a subcomponent value for a given group, with the derived
experimental value. Similarly, one could perform similar calculation with the most salient
percent particle composition sizes to component one (Figure 1).
Similar extrapolations could be performed with other components and their most
salient corresponding parameters. For example, component two which describes 12.4%
of the total variance observed among the parameters of the data set. The most salient
parameters comprising component two were associated with certain percent particle sizes
including: percent particle composition 60# at 6 cm and 12 cm, percent particle
composition 5# at 6cm and 12cm (Figure 2).
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Component three describes 9.5% of the cumulative variance observed in the data
set. The parameters which are most salient to component three include parameters
describing percent particle composition 10# and 230# at 12 cm, percent no vegetation and
distance to water (Figure 3). While, 5.7% of the total variance observed in the data set is
described by component four whose most salient parameters include elevation
compaction at 6cm and 12 cm (Figure 4). 68.8% of the total variance observed in the data
set is described by the first four components, while the other component values contribute
to the total variance of the data set, their contributions are comparatively negligible.
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Chapter Five: Recommended Turtle Garden for Diamondback Terrapins:
The results of this experiment indicate that northern diamondback terrapins have a
preference for southern facing nests with minimal vegetation. Data suggest that northern
diamondback terrapins prefer nest sites both less than 60 meters from the high tide mark
and under 45 MASL (but not at sea level). Also recommended are compaction levels
between 9 PSI and 15 PSI at depths of 6 cm and 47.5 PSI and 52.5 PSI at depths of 12
cm.
A relatively low percent substrate moisture content (typically below
approximately 2.31%) may be recommended, however, the dry climate of Wellfleet and
Orleans, Massachusetts may significantly impact this particular parameter. Data suggest
that warm colored substrate composed of coarse sand, fine sand and coarse silt are
desirable parameters for nesting northern diamondback terrapins. Using these parameters
to construct a northern diamondback terrapin gardens may help humans construct turtle
gardens better suited to their intended inhabitants.
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Chapter Six: Future Experiments
In future it would be interesting to study the success of nests as defined by the
number of successfully hatched diamondback terrapins. This could be quantified by
physically observing the emergence of hatchlings, or by approximating the number of
hatchlings by studying the residual egg shells. This proposed future experiment would
build upon the foundation of the experiment described above and have the potential to
provide new insight into diamondback terrapin nests.
Additionally, if a similar study were conducted in the future it would be beneficial
for the scientist to obtain data/samples from areas both with and without nests.
Data/samples obtained from areas without nests (as well as hatching success: specifically
if studying the nest choice of diamondback terrapin females  if studying the success of
hatchling success would be considered a dependent variable) could later be used as an
independent variables in statistical analyses creating new potential analysis of data.
Collecting data regarding independent variables will open doors for future
researchers, facilitating and creating new opportunities for more complex statistical
analysis such as multivariate analysis of variance (MANOVA).
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