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Pressures of urbanization and rapid development continue to increase and recreational activities
are becoming a prominent force in many urban wildlife communities. Many urban environments
are home to freshwater turtles and little attention has been given to the impact of human
recreation upon these communities. We examined the response of basking turtles to observer
presence along the towpath of a canal in central New Jersey. All four species, except K.
subrubrum, were more frequently observed basking on log substrate and on substrate with less
than 50% canopy cover. Along the towpath, 100% of K. subrubrum responded to observer
presence by retreating (swimming away), while over 75% of observations on C. picta, T.s.
elegans, and P. rubriventris responded to by retreating. There was a highly significant
correlation between the distance from the towpath the turtle was first seen basking by the
observer and the distance at which the turtle first responded to the observer. Nearly 80% of the

variability in distance to first respond to the observer for K. subrubrum was accounted for by



including the percent canopy cover, percent cloud cover, and height basking above the water,
while less than 30% of the variability was accounted for C. picta, T.s. elegans, and P.

rubriventris.
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Introduction

The effects of urbanization and human activities on wildlife have been
investigated for several years with considerable attention directed towards the adverse
effects on threatened taxa and whether effects result in reduced population sizes (Knight
and Gutzwiller 1995; Frid and Dill 2002). Most research has concentrated on the impacts
on birds, marine mammals, and large terrestrial game species, with much less attention
devoted to amphibians and reptiles (Garber and Burger 1995; Burger 2001; Hammer and
McDonnell 2008). Much of the literature has focused on species living in wilderness and
semi-wilderness areas, nature preserves, and parks (Knight and Cole 1995a; Leung and
Marion 2000; Marzano and Dandy 2012), with less attention on recreational activities in
urban and suburban areas. Yet approximately 54% of the world's human population
resides in urban areas, 82% of United States residents’ live in urban and suburban areas
(UN 2014), and nearly half the world’s population lives within 100 km of coastlines

(Crosset et al. 2013).

As development and expansion continues, recreational activities are becoming a
leading force in many urban wildlife communities. There are at least six factors (non-
consumptive) that can impact wildlife including the type of activity, recreationalist’
behavior, impact predictability, impact frequency, timing, and location of human
activities (Knight and Cole 1995b). Often recreational activities occur in close proximity
to critical habitat areas (Knight and Temple 1995; George and Crooks 2006;
Markovchick-Nicholls et al. 2008; Burger and Niles 2013), and the unintended

consequences of human activity require further research to better manage local urban



habitats and protect sensitive wildlife populations. In this paper we examine the effect of

human presence on aquatic turtles in Central New Jersey to partly address this issue.

There is a worldwide decline of reptile and amphibian populations (Blaustein et
al. 1994; Gibbons et al. 2000; Stuart et al. 2004), and despite the abundance of
information for mammals and birds, little is known about how urbanization and human
activities affect herptile populations. Pressures of urbanization and human recreation that
negatively affect both reptiles and amphibians include habitat degradation, fragmentation
and loss, changes in land cover, environmental pollution, invasive species, and road
mortality among others (Garber and Burger 1995; Gibbons et al. 2000; Haxton 2000;
Baldwin et al. 2004; Ner and Burke 2008; Andrews et al. 2008; Fahrig and Rytwinski
2009; Bohm et al. 2013). Subsequent consequences are profound, significantly altering
life history characteristics for various herptile species and resulting in substantial
population declines (Gibbons et al. 2000; Gibbs and Shriver 2002; Jochimsen et al. 2004;

Ner and Burke 2008; Price et al. 2006, 2011, 2012; Bulte et al. 2010).

Eastern and central North America supports a variety of semi-aquatic freshwater
turtle species (Ernst et al. 1994), several of which are in decline (Ernst and Barbour 1989;
Lovich 1995; Gibbons et al. 2000), particularly species in the genera Clemmys,
Terrapene, Sternotherus, Kinosternon, and Malaclemys (Bury 1979; Garber 1988a,b;
Ernst and Lovich 2009). Many aquatic and riparian environments in urban areas are
home to various turtle species, yet these habitats and the associated effects of recreation
are among the most collectively understudied (Knight and Gutzwiller 1995). In locations
where recreational activities are common throughout the year, there is a lack of

comprehensive understanding of the negative effects of human disturbances, especially



for semi-aquatic turtles, largely due to their solitary nature and the difficulty of
observation. Semi-aquatic turtles often forage, bask, and nest in these high use
recreational areas and data on adverse impacts are needed for management, as it is
imperative to keep urban ecosystems intact and conserve inhabiting species amidst

expansion and increased recreation.

In this study we observed the behavioral responses of basking turtles to the
presence of an observer (recreationalist) along the Delaware-Raritan Canal in central
New Jersey. Our specific objectives were to 1) observe the basic ecology of the turtle
assemblage living within the urban landscape of the canal, 2) determine species
differences in response to human presence/recreation, 3) examine what environmental
and physical factors influence the turtle(s) response to human presence, and 4) examine
what contributes to differences in response distance and time to the first initial response

to human disruption (e.g. person walking).

The Delaware-Raritan Canal is highly developed, moderately managed, poorly
studied, and used frequently for various recreational activities that differ from previous
studies of turtle basking behavior and human disturbance. In our study region walking,
jogging, biking, and fishing occur daily throughout the entire year especially in the
spring, summer, and fall months (Burger 2001). In the context of disturbance studies,
animals most often perceive humans as potential predators, and the costs of avoidance of
human presence and activities can directly and indirectly affect fitness and population
dynamics (Garber and Burger 1995; Gill et al. 1996; Gill and Sutherland 2000; Frid and

Dill 2002; Gill 2007; Hammit et al. 2015).



Examining the behavioral responses of basking turtles will help to better
understand the turtle’s risk perception of human recreation, habituation, and potential
short and long term impacts upon population structure and life history activities in similar
urban settings. These data can inform local managers on turtle assemblage, abundances,
and habitat uses, and can be incorporated into habitat and recreational management

activities along the canal.

Methods

Study site

The Delaware and Raritan Canal (D&R Canal) is a canal in central New Jersey,
United States, built in the 1830’s that served to connect the Delaware River to the Raritan
River. A feeder canal section (which feeds water into the main canal) stretches 35 km
from the east bank of the Delaware to Bull's Island near Frenchtown, NJ. The main
section of the canal starting in Bordentown, NJ and ending in New Brunswick, NJ runs
approximately 71 km and parallels portions of both the Millstone and Raritan Rivers.
The D&R Canal is one of the most popular recreational areas in the state for walking,
jogging, biking, fishing, and canoeing in central New Jersey (Delaware and Raritan Canal
Commission 2015). Many portions of the canal system runs through an urban landscape
consisting of commercial and residential areas, as well as large regions of fragmented
floodplain forested corridors. The canal and the park areas are part of the National

Recreation Trail System serving as valuable wildlife corridors, connecting fields and



forests, and is managed by the New Jersey Department of Environmental Protection’s

(NJDEP) Delaware and Raritan Canal Commission.

Observations were made along the towpath that runs parallel to the canal,
approximately a 3,000m stretch in the New Brunswick / Somerset, NJ area (40°32°25.05 °
N, 74°30°49.23 °W), from May to October 2013 (Fig. 1). In this region the width of the
canal is relatively narrow (6-12m) and the bank of the towpath generally rises between
0.5-2.0 m above the water level. This region of the canal rarely experiences sudden or
drastic changes in flow rate or water depth due to small damns, water outfalls, and
spillways. The study area was chosen because of the moderate bike and pedestrian traffic,
ease of access, and lack of debris commonly used for basking, causing any available sites

to be in short supply.

The towpath varies from 2-3m wide, and the width of the bank from 1-2.5m.
Bank and upland vegetation includes hedgerow and thickets of spicebush (Lindera
benzoin), Japanese honeysuckle (Lonicera japonica), greenbrier (Smilax), and Virginia
creeper (Parthenocissus quinquefolia) among others. Tree canopy species vary in height
and density and include Pin Oak (Quercus palustris), Silver Maple (Acer saccharinum),
Red Maple (Acer rubrum), White Ash (Fraxinus Americana), Sweetgum (Liquidambar),
and Shagbark Hickory (Carya ovata) (Delaware and Raritan Canal Commission 2015).
The opposite side of the canal does not have a towpath or recreational park areas, and is

comprised of either relatively undisturbed habitat area or private residential property.

Protocol and Data collection



Data were collected along transects from 19 June to 19 September 2013 between
either 0730-1000 EST or 1530-1830 EST. Data were collected twice a week, one
weekday and one weekend day, depending on weather. Sampling began later in the
season because Central New Jersey received greater rainfall than normal, with an average
of 22.5 inches over four months, lowering average water temperatures for the canal
(NOAA 2015), and turtles were not observed basking until then. Observations were made
by walking the canal in only one direction to eliminate the possibility of sampling the
same turtles. Turtles were not captured by hand or trapped for any additional data as the
purpose was to observe the turtle’s natural behavior and response to human presence.
The observer walked at a natural constant speed along the towpath (parallel to the canal),
and when a turtle(s) was first spotted, its behavior was recorded. Behavioral information
included: turtles’ distance from the towpath (m) when first observed, height above the
water (in), distance of the observer when first responded (m), time to respond (s), type of
response (retreat or remain basking), and whether the turtle(s) returned to the basking site
after 60 seconds. Brunton Eterna E825 binoculars were used for aide in identifications
and distance measurements were obtained using a Bosch GLM 35 Laser Measure. The

observer wore natural and dark suited clothing during all observations.

After behavior was observed and recorded, environmental information was
recorded, including: time of day, air temperature, water temperature (recorded by USGS
station 01403060), cloud cover, canopy cover over the initial location of the turtle(s),
canal width (m), bank width (m), percent the turtle(s) visible from the towpath. Turtle
and behavioral information recorded included: species, carapace size group, basking

location (log, rock, branch, other), distance from the towpath (m), height above the water



(in), distance of the observer when first responded(m), time to respond (s), if the turtle(s)
returned to the basking site. In addition, all other pedestrians, cyclists, fisherman, or
traffic noise were recorded and data was collected whether the disturbance occurred in

the presence of a turtle(s) or not.

This study was designed to provide baseline information on immediate and direct
effects of human presence. We replicated the more common and least disruptive
recreational activity (walking) that occurs along the canal, and observed immediate
changes in basking behavior. Presumably, the distance the observer could first see a turtle
was the distance the turtle could first see the observer generally. It also documented
information on turtle species diversity, habitat preference, and relative abundance. These
numbers are an activity index rather than an estimation of population size because
individual turtles may have been counted more than once and some species were easier to

observe than others. Each census was conducted for an average of one hour.

Statistical Analysis

Regression procedures were used to examine whether environmental variables
such as air and water temperature, canopy cover, and cloud cover contributed to
differences in the distance that turtle’s first responded to disturbance. Likewise,
regression procedures were used to examine the significance of turtle characteristics such
as group size, percent visible from the towpath, height above the water, and basking
distance from the towpath’s edge, for differences in the distance and amount of time the
turtles first respond to the presence of people (PROC GLM, SAS 2005). This procedure

adds the variable that contributes the greatest to explaining variance (R?) and continues to



add the following variables that increases R? until all significant variables are included, as
well as interaction variables (i.e. distance to the towpath’s edge X distance of first
response). Wilcoxin X2 tests were performed (SAS 2005) to determine whether there
were differences among variables as a function of species or other categories. Although
analyses were completed on all observations, for determining the effect of human

presence and disturbance, only the observations made on the towpath side were used.

Results

A total of 524 observations were made on 30 nonconsecutive days throughout the season.
During each census an average of 8.3 people/hr were present in the census transect,
including walkers, joggers, bikers, and fisherman (not including the observer of the
study). Common Snapping Turtles (Chelydra serpentina) were only observed twice and
therefore eliminated from the analysis. There was variation in turtle assemblage and
habitat use among all four species observed: Eastern Painted Turtles (Chrysemys picta)
(N=307), Red-eared Sliders (Trachemys scripta elegans) (N=109), Redbelly Turtles
(Pseudemys rubriventris) (N=81), and Eastern Mud Turtles (Kinosternon subrubrum
subrubrum) (N=27) (Table 1). Overall, there were significant differences among all four
species for carapace width (X?=70.8, p=<0.0001) and their basking locations (X?=40.2,

p=<0.0001).

Habitat Use



Among species there were no differences in average air and water temperature during the
censuses, indicating that there was no bias in data collection. All four species were more
frequently observed on substrate with less than 50% canopy cover regardless of the day
of the census throughout the season (X?=18.2, p=0.03; Table 1). Significant differences
were found in the frequency of observations throughout the season, given water
temperature categories (Fig. 2) for C. picta (X?>=474.1, p=<0.0001) and T. s. elegans
(X?=159.1, p=<0.0001). In colder temperatures, turtles were rarely observed basking,
except for C. picta toward the beginning and end of the summer season. During the
middle and end of the summer season at the warmest water temperatures no turtles were

observed basking (Fig. 2).

On the towpath side, C. picta, T. s. elegans , and P. rubriventris averaged similar
basking height above water, whereas K. subrubrum basked at an lower average height
(X?=51.2, p=<0.0001). Similar averages were determined for the percent visible from the
towpath, distance from towpath edge, and distance from bank edge for all species except
K. subrubrum (Table 1). On the opposite side of the towpath there were significant
differences among C. picta, T. s. elegans , and P. rubriventris in the percent of the turtle
that were visible, with C. picta averaging the highest (92.4£1.0; Table 1). No K.
subrubrum were observed on the opposite side of the canal towpath. C. picta, T. s.
elegans, and P. rubriventris were found to have significant differences in habitat use as a
function of being on the towpath side opposed to the opposite side of the canal. The
differences in percent visible from the towpath were greatest among C. picta (X?=131.0,
p=<0.0001), but were also significant for the other two species (Table 1). Between the

towpath and the opposite side of the canal, there were no significant differences in
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basking location, carapace width, or canopy cover for C. picta, T. s. elegans, and P.

rubriventris.

Response to Human Presence and Factors Affecting Response Along the Towpath

Turtles had two responses to observer presence: no change in basking position or
enter the water and swim away (retreating). No turtles basking opposite the towpath side
responded to human presence, and for turtles along the towpath side the response of
swimming away was the most frequent response for all four species (Table 2). For the
turtles that swam away, all four species showed a highly significant correlation between
the distances from the towpath the turtle was first seen and the distance at which the turtle
first responded to the observer (Fig. 3). C. picta, T. s. elegans, and P. rubriventris had the
highest Kendall Tao correlation coefficient (<0.0001) and K. subrubrum were also highly
correlated (0.0002). The distance at which the turtles were first seen varied significantly
among species for the towpath side observations and K. subrubrum were first seen at
closer distances (X?=59.1, p=<0.0001). Regardless of how far away the turtle was first
seen, there was variation among all four species for the average distances at which they
first responded to human presence (X?=8.6, p=0.04; Table 2). For all turtles that

responded by retreating, none returned to their basking location within 60 seconds.

While 100% of K. subrubrum responded to observer presence by retreating, not
all turtles among the other three species responded by retreating. C. picta had the highest
frequency of no response (23.6%) and T. s. elegans had the second highest (Table 2). For
the turtles that did not respond to human presence, the only significant variable was

distance of the turtle to the towpath edge. Turtles of the three species that did not
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respond had a greater average distance from the towpath edge, compared to the turtles

that retreated (Table 2).

There were significant models explaining variation in the distance at which turtles
first responded to human presence along the towpath side for all species, except P.
rubriventris where no factors entered (Table 3). Nearly 80% of the variability for K.
subrubrum was accounted for by the percent canopy cover, percent cloud cover, distance
from the towpath edge, and height basking above the water (F=12, p=<0.0001). For C.
picta percent canopy cover, percent cloud cover, and the distance to the towpath edge
entered as factors, however the model only accounted for 20% of the variation (F=4.1,
p=0.0001). While percent visible from the towpath contributed significantly for T. s.
elegans, the other variables did not (5.1, p=0.03; N=63). None of the variables entered for
P. rubriventris, and none of the interactions (e.g., group size X distance to towpath edge,
percent visible X distance to towpath edge) entered the model to explain variation in the

distance of response behavior for any of the four species.

For both C. picta and P. rubriventris, no variables explained the variation for the
time elapsed before turtles first responded to observer presence (Table 3). For K.
subrubrum, the percent visible from the towpath accounted for 50% of the variation in
the time elapsed before turtles first responded to observer presence. The basking height
above the water was found significant for T. s. elegans, however only 37% of the

variation the model was accounted for.

The average individual time elapsed before the turtle first responded to human
presence varied significantly among species (X?=43.5, p=<0.0001), with C. picta

averaging 6.4 seconds compared to K. subrubrum at 2.8 secs (Table 2). Similarly,
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significant differences among all four species were found for number of observations and
the duration of time elapsed from when the observer first saw the turtle to the time the
turtle first responded to human presence (X?68.9, p=<0.0001) (Fig. 4). For C. picta and
P. rubriventris a higher percentage responded after a longer duration of elapsed time,
indicating that the observer (disturbance) was closer to the turtle along the towpath
during the response. For K. subrubrum however, a higher percent responded within 1-3
seconds (75%), indicating that the turtle responded almost immediately once being aware

of observer presence.

Discussion

The main findings of this study are 1) there is a diverse turtle community including K.
subrubrum which was not noted in previous studies, and further research should include
population estimates viability 2) turtles were most often observed in groups on logs that
extended outward away from the towpath with close to or less than 50% canopy cover,
and 3) turtles were vigilant and the majority retreated almost immediately to the presence

of the observer.

Basking Behavior

The turtle assemblage in the canal was diverse, with persistent populations, despite
frequent recreation and poorly managed habitat (Burger, unpub. data). Our observations
corroborate with Duchak and Holzapfel’s (2010) study of Emydid turtles across urban to

rural habitat gradients in New Jersey, which is the only other known study that has
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examined turtles within a region of the Delaware Raritan Canal. Duchak and Holzapfel
(2010) found C. Picta, T.s. elegans, and P. Rubriventris occurred more frequently
together in habitats with higher percent development, and where T.S. elegans cohabitated
with natives, they were usually outnumbered by any one of the native species, which is
consistent with our observations. C. picta is one of the most common and abundant
species throughout its range and has been found to thrive in urban habitats elsewhere
(Baldwin et al. 2004; Connor et al. 2005; Bowen and Janzen 2008). We observed K.
subrubrum infrequently, and Duchak and Holzapfel (2010) had no observations of this
species, which is expected because K. subrubrum exhibit lower survivorship and
recruitment values in developed areas as a result of their dependence on upland habitat
for use in overwintering. This may leave the species more vulnerable to human
disturbance and predators that are more abundant in urbanized environments such as our

study area (Harden and Dorcas 2008; Harden et al. 2009).

Our observations are an activity index rather than population estimates or indices
of annual recruitment and population viability, however they provide insight to the
population structure of the four species and warrant further investigations. We observed
variation among the body sizes of C. picta, and for this species, significant variation in
individual juvenile growth rates and average population body size has been found in
urban environments elsewhere (Mitchell 1988; Lindeman 1996; Rowe 1997) as well as
temporally within C. picta populations (Frazer et al. 1991a, 1993). Likewise, for both P.
Rubriventris and T. s. elegans more than half of the turtles observed were large-bodied,
and body size greatly contributes to differences in basking duration since heating rates

are reduced in larger turtles (Foley and Spotila 1978), which may be the cause for the
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observed size differences. Further investigation on the size variation and reproductive
health of these species, especially K. subrubrum, should include additional body
measurements, sexing to investigate sex ratios, sexual size dimorphism, and relative sex-
biased basking patterns which have been observed for C. picta, T. scripta, and P.
Rubriventris elsewhere (Gibbons and Lovich 1990; Forsman and Shine 1995; Carriere et

al. 2008).

Habitat Use

Many basking studies have found that the most frequently used basking sites are those
located far from shore and in deeper water (Flaherty and Bider 1984; Pluto and Bellis
1986; Lindeman 1999; Cadi and Joly 2003). Our study observed habitat use while
basking, not habitat selection. However, for all species except K. subrubrum, logs near
the bank of the towpath were the most preferred basking substrate (50-60%). Turtles
were often observed on logs that extended outwards from the bank and allowed a range
of distance from the towpath. Nearly half of the total observations made were of turtles
on the opposite side of the canal where there is no towpath, only vegetation and some
legs, with little human access. K. subrubrum was observed most often basking on rocks,
presumably due to the fact that rocks only sit along the banks of the canal in this region in
the shallowest of water with soil and wet vegetation adjacent, and this is their preferred
habitats. In our study region, except for the cleared bank areas, it was not feasible to get
to the water’s edge without causing disruption and limiting the ability to study natural
basking behavior, as basking turtles are wary and extremely vigilant. Therefore we could

not assess the abundance of turtles basking in submerged aquatic vegetation, which often
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reduces the risk of potential predation from terrestrial organisms (Ernst et al. 1994), and
would be an expected behavior for turtles in urbanized habitats with frequent human
presence. However, in observing turtles on the opposite bank, we only saw them

basking on logs or rocks, and not in any aquatic vegetation.

Similarly, Peterman and Ryan (2009) found that in an extensively managed canal
system, also with a towpath where bank vegetation such as downed trees was readily
removed, both C. Picta and T.s. elegans were observed most on emergent deadwood that
was distant from the bank compared to the more readily available rock basking sites
closer to the bank of the towpath and human disturbance. When bank vegetation was
mowed and debris was cleared all turtles species in their study reduced basking in the
area, independent of substrate type, because they were less sheltered from human
disturbance in adjacent recreational areas (Peterman and Ryan 2009). Likewise, we
observed areas along the towpath of the D&R canal where there was little to no bank
vegetation acting as a ‘shelter” and logs were present and extending opposite the towpath,
yet no turtles were using the substrate to bask. For both C. picta and T.s. elegans basking
behaviors are variable among populations, and are largely dependent upon the landscape
in which the turtles inhabit (Leuritz and Manson 1996; Lefevre and Brooks 1995; Cadi
and Joly 2003; Peterman and Ryan 2009). Studies of semi-aquatic turtles in urban areas
with high human recreation have shown that, regardless of substrate type, the preferred
basking locations were substrates that were more distant from human disturbance
(whether foot or road traffic) or increased predation (Connor et al. 2005; Lopez et al.

2005; Moore and Seigel 2006).
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Most turtles were observed in groups ranging from 2-7 individuals, and groups
varied with different combinations all four species. K. subrubrum was usually observed
alone. All four species were also observed basking solitarily, which was unexpected for
this urbanized area because solitary basking turtles have fewer eyes to watch for potential
threats (Auth 1975) and basking substrate distant from the towpath is not plentiful.
About a third of the available rock and log substrates along the towpath were unoccupied,
while a group of basking turtles were observed basking nearby. The variable basking
pattern is comparable to previous findings (Pluto and Bellis 1986), where turtles did not
use all available basking sites, and often clustered around specific sites or areas, but there

can be several ecological and landscape variables that contribute to this occurrence.

Observing these species basking both in groups and solitarily, but also not
utilizing available basking locations nearby, could indicate that competition for basking
substrate is not occurring directly or frequently in the population despite limited basking
substrate due to previous clearings. Cadi and Joly (2003) found that native pond turtles
shifted their basking activity toward lower quality substrates, while the dominant T.s.
elegans occupied the better basking sites. T.s. elegans is a non-native turtle species of
New Jersey, and can pose a serious threat to other native species by competing for food
and basking sites (Cadi and Joly 2003, 2004; Polo-Cavia et al. 2010). The extent to
which T.s. elegans interacts competitively in our study region is unclear and the outcome
of competition depends on differences in the abilities of each species to use habitat
resources. The differences we observed in basking distribution may reflect substrate
preferences or a combination of variables (Ernst et al. 1994), and when basking sites are

in short supply, emydid turtles will actively compete for them. This should be further
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investigated as competition may be present and additional basking substrate may be

considered in future management options.

The majority of turtles preferred basking in close to or less than 50% canopy
cover (Table 1) except for K. subrubrum that preferred the least amount of canopy cover,
which was expected as they do not bask often and may be in need of greater
thermoregulation (Gibbons and Semlitsch 1991; Frazer et al. 1991b). Preferences in
canopy cover could reflect a combination of landscape preferences such as the air and
water temperature or the amount solar radiation reaching the basking site. On the other
hand, canopy cover preferences could serve as a method to reduce predation risk by
limiting the detection ability of the predator. The amount of recreational activity along
urbanized habitats, such as the towpath, could force turtles to bask under denser canopy
cover to remain well hidden. Preferences for high canopy coverage may decrease the
ability of an approaching predator to detect the turtle, whereas basking areas under less
coverage may allow the turtle to visually detect the predator sooner. This effect of
vegetation cover on escape decisions has been found in some lizards (Martin and Lopez
2000a) and chameleons (Cuadrado et al. 2001). In a rapidly developing urban region of
New Hampshire, Marchland and Litvaitis (2004) found forest coverage significantly
contributed to the basking behavior and general habitat selection for the C. Picta
population, and their abundances were higher in areas of greater coverage. Similarly, in a
highly managed urban canal, Peterman and Ryan (2009) observed reduced usage of
basking sites for C. picta and T.s. elegans when shoreline grass was mowed, because they

were less sheltered from human disturbance in adjacent recreational areas.



18

Effect of Human Presence

Animals should retreat from human presence as they would from predators only when the
costs (injury or death) outweigh the benefits of remaining (securing food or a basking
location). Short of injury or death, the response of turtles to human presence can be
studied in the same way as the response to predation; by studying a change in their
behavior in response to people. In our study, turtles reduced their use of basking
resources and overall duration of basking time. In the case of the D&R canal, people
(especially young children) are often the most important predators: turtles are harassed,
moved, collected, or poached. During this study people were observed walking off the
towpath down the bank area to view turtles more closely or take pictures. We saw young
children throw rocks at the turtles along the towpath (Pittfield pers. obs.). Further, some
people collect them to later release them as part of a religious practice and in other
occasions outside of the study area some turtles were taken for this purpose (Burger pers.

obs.).

When an encounter occurs, either the recreationist sees the turtle first or the turtle
detects the recreationalist first. Given the physical vegetation and design of the towpath,
we assumed when the observer was first able to see the turtle, the turtle also detected the
observer’s presence. For all four species there was a strong correlation between the
distance the turtle was first seen by the observer and the distance of the observer when
the turtle first responded by retreating. Very little distance walked (and time) elapsed
before the turtle retreated, regardless of the initial distance the turtle was first seen by the
observer. Therefore these turtles were actively alert and vigilant, detected the observer’s

presence as soon as possible, and perceived the observer as a large enough risk to forfeit
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a basking location. These findings agree with the optimal escape theory which suggests
that prey should not flee immediately upon detection of a predator, but rather wait until
the predator approaches closer than the point at which risk is equal to escape costs

(Ydenberg and Dill 1986).

Our distance-response correlation is similar to Burger’s (2001) study with
Northern Water Snakes (Nerodia sipedon) and Common Gartersnakes (Thamnophis
sirtalis) along the D&R canal, which found that individuals fled rapidly when humans
were walking by on the tow path, especially when the walkers stopped to watch the
snakes instead of walking past. Our response-distance correlations may be similar to the
snake’s behavior (Burger 2001) because there is greater perceived risk from slower-
moving ‘predators’ since predators are more likely to detect and pursue their prey in that
fashion, and turtles perceive slower moving humans as a greater risk than faster moving
recreationalist (e.g. bicyclists). This could be further investigated along the towpath by

observing joggers and bicyclists at varying speeds as the primary human intruder.

In a habitat-related visibility study on escape decisions, using approaching
humans as a predator stimulus, Lopez et al. (2005) found Spanish Terrapin’s (Mauremys
leprosa) abandoned basking sites at the first sign of humans. Approach distances
(distance of escaping turtle when first detected by observer) varied depending on the
habitat type; approach distances in small stream areas were significantly shorter than in
larger habitat regions such as the river or open pond. In habitats with greater probability
that a predator could detect the turtle or where the turtle could see the predator sooner,
turtles fled more quickly. Lopez et al. (2005) also found that approach distances and

responses varied due to the side and distance from the towpath, implying that the
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probability a predator could access the turtle was greater on the towpath side so turtles
fled sooner, which is similar to our study as no turtles opposite the towpath side

responded to human presence.

Peterman and Ryan (2009) also found habitat use and basking percentages for T.
s. elegans and C. Picta were altered in areas frequently exposed to human disturbance in
the Central Canal of Indianapolis. Basking never occurred within 50 m of any canal-
management activities and turtles quickly submerged themselves following minimal
human activity. Furthermore, following any vegetation removal, sites that became more
exposed to human activities were abandoned as basking locations by all juvenile and

hatchling turtles (Peterman and Ryan 2009).

None of the turtles that retreated returned to their basking location during the
individual observation period, which was expected because by remaining in the water or
swimming to another location, turtles reduce the risk of potential predation from
terrestrial organisms (Ernst et al. 1994). The observer only waited 60 seconds after each
departure, and turtles may have returned several minutes later to the original basking
location. However no turtles were observed moving to another nearby basking location
immediately after retreating. The presence of a walking human along the towpath ended
basking sessions and therefore the overall daily basking duration was reduced, especially
since it should be assumed disturbance from other human recreationalist happens several
times every day. Basking is a necessary and vital activity for freshwater turtles (Boyer
1965) , and if basking is continually interrupted, turtles may not be able to reach high

body temperatures during the spring and fall months, which could result in negative
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consequences for energy acquisition and reproduction among other costs (Grayson and

Doracs 2004; Gibbons et al. 2000; Selman et al. 2013).

There was a small number (N=49) of turtles along the towpath side that did not
respond to observer presence in our study. This could be due to a combination of
different variables such as the distance from the towpath or the amount of canopy cover
for the turtle, as these were significant for the turtles that did respond. On the contrary,
this could suggest possible tolerance to continuous and increasing rates of human
recreational activities along the Raritan Canal. Most often tolerance to frequent human
disturbances is partial (Burger and Gochfeld 1990; Burger 2001; Frid and Dill 2002), and
we assume that repeated exposure to a nonlethal stimulus causes some habituation
especially under less threatening conditions, for example greater distances from the
disturbance. Tolerance to urbanization and human presence has been found for various
turtle species. At a local scale, Hill and VVodopich (2013) observed greater abundances of
basking frequencies of Texas River Cooter (Pseudemys texana) and T.s. elegans in areas
of high shoreline modification along a riparian corridor in Texas. Despite being dislodged
from basking sites by passing watercrafts, Moore and Seigel (2006) found Map Turtles
(Graptemys flavimaculata), tolerated disturbance and reemergence and was common,
however nesting behavior was negatively impacted. Bowen and Janzen (2008) found
that the intensity of human recreation at a major nesting beach had no effect on the

decision of C. picta to emerge for nesting habitat selection and further nesting activities.

Given the increasing rates of urbanization, habitat alteration, and human
recreation, it is essential to conduct long-term ecological and evolutionary studies on

human-influenced populations to better understand habituation or the effects on
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population dynamics, especially in long-lives species like freshwater turtles Maintaining
healthy, viable populations in urban areas is essential to maintain general biodiversity,
increase human awareness of wildlife, and engender appreciation for protection and

conservation (Burger et al. 2013).

Management Implications

As urbanization continues, especially in coastal areas, our data can serve as a baseline for
more complex investigations of the population ecology and potential effects of human
recreation on the turtle species for both the D&R Canal and other metropolitan areas.
Future research should involve daily sampling and mark-recapture methods to obtain a
better understanding of the emydid turtle community composition other local areas of the
canal that experience greater recreational use. This is not easily achieved, and we agree
with Duchak and Holzafel (2011) that a supplemental New Jersey Fish and Game
sponsored program, similar to other citizen science programs (e.g. Christmas Bird Count
of Audubon Society) should be established that encourages volunteers to conduct
periodic surveys throughout the state, observing turtle species in particular locations to
gather insightful information about the abundance, distribution, and overall health of the
turtle populations. Citizen science and the involvement of volunteers of all ages is an
effective way to educate the public and also collect and evaluate methods of testing data
reliability and evaluate information to be used in conservation and management.
(Tsipoura and Kelly 2015). Further, such studies should be conducted in other urban and
coastal areas along the Atlantic coast where human populations are increasing rapidly

(Crosset et al. 2013).
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To effectively manage urban habitats, it is important to incorporate the spatial
ecology and habitat use of the species utilizing them. We found that basking substrate,
canopy cover, and distance from the towpath were all significant factors in habitat use
and the disturbance response of turtles, which emphasizes the importance of recognizing
the connection between aquatic and surrounding terrestrial habitats, especially in urban
ecosystems. Therefore, if maintaining healthy and optimal conditions for basking turtles
IS a priority of managers of urban parks, then minimal amounts of debris and vegetation
should be cleared from bank areas and adjacent terrestrial habitat to provide adequate
basking sites. Because this towpath is so frequently used for recreation, we acknowledge
that minimal clearing could present a safety hazard in some areas (e.g. Poison vy,
scratches, ticks), so we also suggest building basking platforms to address this problem.
Platforms could be placed on the towpath side, as well as towards the center of the canal
under various amounts of vegetation, but also opposite the towpath side so turtles have

sufficient places to bask under vegetation without being disturbed by passing pedestrians.

Our results indicate that human recreational activities, such as walking, decrease
basking duration in the species studied, and due to the importance of basking and further
potential negative consequences, we suggest additional management of this region to
minimize the effects of human activities. Because distance from the towpath was a highly
significant variable to both habitat use and disturbance, we encourage managers of urban
parks to avoid constructing recreational towpaths within a minimum of 3-4 meters from
water’s edge. We suggest this distance based on the average distance from the towpath
that turtles retreated from walking people. Because no turtles that were basking on the

opposite bank of the canal responded, our data also indicate if there is sufficient distance
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between the basking location and recreational activity along a towpath, basking is not
disrupted. The exception is boating activities, which may occur at higher rates in other
areas of the D&R canal or in other recreational areas. Our results indicate basking turtles
are disturbed by minimal human recreation, which warrants further investigation on the
threats posed by more intrusive activities on both basking and nesting. Signs should be
placed at entry points and along the canal towpath to caution and educate pedestrians on

the ecology of turtles, snakes, and other wildlife, especially for basking turtles.

The relationship between human recreation and factors affecting turtle
populations are complex, and as urbanization increases, long-term persistence in the face
of frequent and increasing disturbances is uncertain. Effective management and
conservation of urban wildlife is dependent upon understanding the effects that
urbanization and associated activities has on a species. Along the D&R canal and in other
recreational areas that are poorly managed, the role of recreational disturbances upon
turtles, in both aquatic and terrestrial habitats of urbanized areas must be further
evaluated to determine effects on both a local and broad scale (Klemens 2000; Hammit et
al. 2015). Understanding the long-term dynamics of long-lived organisms with long
generation times such as freshwater turtle populations, it is important to fully understand
the impacts of human disturbances in changing urban environments. There may be long
delays before population responses are detectable and short term studies of turtle
community responses to human induced changes may not reflect ultimate consequences,
thus long-term studies should begin promptly to monitor turtle populations in areas of
high human activity (Gibbons 1987; Garber and Burger 1995; Smith et al. 2006).

Monitoring needs to continue for many years to assess species-specific and demographic



responses to disturbance to ensure sound management decisions and the persistence of

wildlife in highly modified urban habitats.

25



26

References

Andrews KM, Gibbons JW, Jochimsen DM, Mitchell J (2008) Ecological effects of roads on
amphibians and reptiles: a literature review. Herpetol Conserv 3: 121-143.

Auth DL (1975) Behavioral ecology of basking in the yellow bellied turtle, Chrysemys
scripta scripta (Schoepff). University of Florida. VVol. 20. Bulletin of the Florida State
Museum.

Baldwin EA, Marchand MN, Litvaitis JA (2004) Terrestrial habitat use by nesting painted
turtles in landscapes with different levels of fragmentation. Northeast Natur 11: 41-48.

Blaustein AR, Wake DB, Sousa WP (1994) Amphibian declines: judging stability,
persistence, and susceptibility of populations to local and global extinctions. Conserv
Biol 8: 60-71.

Béhm M, Collen B, Baillie JE, Bowles P, Chanson J, Cox N, Cheylan M (2013) The
conservation status of the world’s reptiles. Biol Conserv 157: 372-385.

Boyer DR (1965) Ecology of the basking habit in turtles. Ecol 46: 99-118.

Bowen KD, Janzen FJ (2009) Human recreation and the nesting ecology of a freshwater
turtle (Chrysemys picta). Chelonian Conserv Biol, Notes and Reports7:95-100.

Bulte G, Carriere MA, Blouin-demers G (2010) Impact of recreational power boating on two
populations of northern map turtles (Graptemys geographica). Aquatic Conserv: Mar
Freshwater Ecosys 20:31-38.

Burger J (2001) The behavioral response of basking Northern water (Nerodia sipedon) and
Eastern garter (Thamnophis sirtalis) snakes to pedestrians in a New Jersey park. Urban
Ecosys 5: 119-129.

Burger J, Gochfeld M (1990) Risk discrimination of direct versus tangential approach by
basking black iguanas (Ctenosaura similis): variation as a function of human exposure. J
Comp Psychol 104:388-394.

Burger J, Niles LJ (2013) Shorebirds and stakeholders: Effects of beach closure and human
activities on shorebirds at a New Jersey coastal beach. Urban Ecosys 16:657-673.

Burger J, Jeitner C, Clark K, Niles LJ (2004) The effect of human activities on migrant
shorebirds: successful adaptive management. Environ Conserv 31: 283-288.

Burger J, Gochfeld M, Powers CW, Clarke JH, Brown K, Kosson D, Niles LJ. Dey A, Jeitner
C, Pittfield T (2013) Determining Environmental Impacts for Sensitive Species: Using
Iconic Species as Bioindicators for Management and Policy. J Environ Protect 4: 87-95.

Bury RB (1979) Population ecology of freshwater turtles. In: Harless M, Morlock H (eds)
Turtles: perspectives and research. Wiley, New York, pp 571-602.



27

Cadi A, Joly P (2003) Competition for basking places between the endangered European
pond turtle (Emys orbicularis galloitalica) and the introduced red-eared slider
(Trachemys scripta elegans). Canadian J Zool 81: 1392-1398.

Cadi A, Joly P (2004) Impact of the introduction of the red-eared slider (Trachemys scripta
elegans) on survival rates of the European pond turtle (Emys orbicularis). Biodiver
Conserv 13: 2511-2518.

Carriere MA, Rollinson N, Suley AN, Brooks RJ (2008) Thermoregulation when the
growing season is short: sex-biased basking patterns in a northern population of painted
turtles (Chrysemys picta). J Herpetol 42: 206-209.

Crosset K, Cultiton T, Wiley P, Goodspeed T (2013) Population trends along the coastal
United States 1980-2008.
http://oceanservice.noaa.gov/programs/mb/pdfs/coastal.pop.trends.complete.pdf .
Accessed 28 February 2015

Conner CA, Douthitt BA, Ryan TJ (2005) Descriptive ecology of a turtle assemblage in an
urban landscape. The Am Midl Nat 153: 428-435.

Cuadrado M, Martin J, Lopez P (2001) Camouflage and escape decisions in the Common
chameleon Chamaeleo chamaeleon. Biol J Linn Soc 72: 547-554.

Delaware and Raritan Canal Commission (2015) Delaware and Raritan Canal State Park.
http://www.dandrcanal.com/park_index.html. Accessed 7 May 2015.

Duchak T, Holzapfel C (2011) The relative abundances of native and non-native Emydid
turtles across an urban to rural habitat gradient in central New Jersey. Bull NJ Acad Sci
56: 23-28.

Ernst CH, Barbour RW (1989) Turtles of the world. Smithsonian Institution Press,
Washington, D.C.

Ernst CH, Lovich JE (2009) Turtles of the United States and Canada, 2nd Edition. John
Hopkins University Press, Maryland.

Ernst CH, Lovich JE, Barbour RW (1994) Turtles of the United States and Canada, second
ed. Smithsonian Institution Press, Washington, DC.

Fahrig L, Rytwinski T (2009) Effects of roads on animal abundance: an empirical review
and synthesis. Ecol Soc 14:21.

Flaherty N, Bider JR (1984) Physical structures and the social factor as determinants of
habitat use by Graptemys geographica in southwestern Quebec. Am Midl Nat 111: 259-
266.



28

Foley RE, Spotila JR (1978) Effect of wind speed, air temperature, body size and vapor
density difference on evaporative water loss from the turtle Chrysemys scripta. Copeia
1978: 627-634.

Frazer NB, Greene JL, Gibbons JW (1991a) Growth, survivorship and longevity of painted
turtles, Chrysemys picta, in a southwestern Michigan marsh. Am Midl Nat 125:245-258.

Frazer NB, Greene JL, Gibbons JW (1991b) Life history and demography of the common
mud turtle, Kinosternon subrubrum in South Carolina, USA. Ecol 72:2218-2231.

Frazer NB, Greene JL, Gibbons JW (1993) Temporal variation in growth rate and age at
maturity of male painted turtles, Chrysemys picta. Am Midl Nat 130:314-324.

Forsman A, Shine R (1995) Sexual size dimorphism in relation to frequency of reproduction
in turtles (Testudines: Emydidae). Copeia 1995:727-729.

Frid A, Dill L (2002) Human-caused disturbance stimuli as a form of predation risk. Cons
Ecol 6:11.

Garber S (1988a) Diamondback terrapin exploitation. Plastron Papers 17:18-22.
Garber S (1988b) Mud turtle conservation. Plastron Papers 18: 19-22.

Garber S, Burger J (1995) A 20-yr study documenting the relationship between turtle decline
and human recreation. Ecol App 5:1151- 1162.

George SL, Crooks KR (2006) Recreation and large mammal activity in an urban nature
reserve. Biol Conserv 133: 107-117.

Gibbs JP, Shriver WG (2002) Estimating the effects of road mortality on turtle populations.
Conserv Biol 16: 1647-1652.

Gibbons JW (1987) Why do turtles live so long? BioSci 37:262-2609.

Gibbons JW, Lovich JE (1990) Sexual dimorphism in turtles with emphasis on the slider
turtle (Trachemys scripta). Herpetol Monog 4: 1-29.

Gibbons JW, Semlitsch RD (1991) Guide to the Reptiles and Amphibians of the Savannah
River Site. The University of Georgia Press, Athens, Georgia, and London.

Gibbons JW, Scott DE, Ryan TJ, et al (2000) The global decline of reptiles, deja vu
amphibians. BioSci 50:653-666.

Gill JA (2007) Approaches to measuring the effects of human disturbance on birds. Ibis 149:
9-14.

Gill JA, Sutherland WJ (2000) Predicting the consequences of human disturbance from
behavioural decisions. Conserv Biol Ser Cambridge 51-64.



29

Gill JA, Sutherland WJ, Watkinson AR (1996) A method to quantify the effects of human
disturbance on animal populations. J App Ecol 33:786-792.

Grayson KL, Dorcas ME (2004) Seasonal temperature variation in the painted turtle
(Chrysemys picta). Herpetologica 60:325-336

Hamer AJ, McDonnell MJ (2008) Amphibian ecology and conservation in the urbanizing
world: a review. Biol Conserv 141:2432-2449.

Hammitt WE, Cole DN, Monz CA (2015) Wildland recreation: Ecology and Management,
3rd ed. Wiley-Blackwell, New York.

Harden LA, Dorcas ME (2008) Using thermal biology to investigate habitat use and activity
of eastern mud turtles (Kinosternon subrubrum subrubrum) on a golf course. In: Jung
RE, Mitchell JC (eds) Urban herpetology. Herpetological conservation, vol 3. Society for
the Study of Amphibians and Reptiles, Salt Lake City, pp 321-323.

Harden LA, Price SJ, Dorcas ME (2009) Terrestrial activity and habitat selection of eastern
mud turtles (Kinosternon subrubrum) in a fragmented landscape: implications for habitat
management of golf courses and other suburban environments. Copeia 2009:78-84.

Harwood J (2001) Marine mammals and their environment in the twenty-first century. J
Mammal 82: 630—640.

Haxton, T (2000) Road mortality of snapping turtles, Chelydra serpentina, in central Ontario
during their nesting period. Canad Field-Natural 114: 106-110.

Hill SK, Vodopich DS (2013) Habitat use and basking behavior of a freshwater turtle
community along an urban gradient. Chelonian Conserv Biol 12: 275-282.

Jochimsen DM, Peterson CR, Andrews KM, et al (2004) A literature review of the effects of
roads on amphibians and reptiles and the measures used to minimize those effects. Idaho
Fish and Game Department, USDA Forest Service.
http://www.fishandgame.idaho.gov/public/wildlife/collisionAmphibRep.pdf Accessed 11
Oct 2015.

Klemens MW (2000) Turtle Conservation. Smithsonian Institution Press, Washington, DC.

Knight RL, Cole DN (1995a) Wildlife responses to recreation. In: Knight RL, Gutzwiller KJ
(eds) Wildlife and recreationists: coexistence through management and research. Island
Press, Washington, D.C., USA, pp 51-69.

Knight RL, Cole DN (1995b) Factors that influence wildlife responses to recreationists. In:
Knight RL, Gutzwiller KJ (eds) Wildlife and recreationists: coexistence through
management and research. Island Press, Washington, D.C., USA. pp 71-79.

Knight RL, Gutzwiller KJ (1995) Wildlife and recreationists: coexistence through
management and research. Island Press, Washington, D.C., USA.


http://www.fishandgame.idaho.gov/public/wildlife/collisionAmphibRep.pdf

30

Knight RL, Temple SA (1995) Wildlife and recreationists: coexistence through management.
In: Knight RL, Gutzwiller KJ (eds) Wildlife and Recreationists Island Press, Washington
D.C., USA, pp 327-334.

Kolbe JJ, Janzen FJ (2002) Impact of nest-site selection on nest success and nest temperature
in natural and disturbed habitats. Ecol 83: 269-281.

Lefevre K, Brooks RJ (1995) Effects of sex and body size on the basking behavior in a
northern population of the Painted Turtle, Chrysemys picta. Herpetol 51:217-224

Lindeman PV (1996) Comparative life history of painted turtles (Chrysemys picta) in two
habitats in the inland Pacific Northwest. Copeia 1996:114-130.

Lopez P, Marcos I, Martin J (2005) Effects of hatitat-related visibility on escape decisions of
the Spanish Terrapin Mauremys leprosa. Amphibia-Reptilia 26:557-561.

Leung Y F, Marion JL (2000) Recreation impacts and management in wilderness: A state-of-
knowledge review. Proceedings: Wilderness Science in a Time of Change Conference,
Vol. 5, pp 23-48.

Leuritz TE, Manson CJ (1996) Preliminary observations of the effects of human perturbation
on basking behavior in the Midland Painted Turtle (Chrysemys picta marginata). Bull
Maryland Herpetol Soc 32:16-23.

Lovich JE (1995) Turtles. In Laroe ET, Puckett CE, Doran PD, Mac MJ (eds) Our living
resources: a report to the nation on the distribution, abundance and health of the U.S.
plants, animals and ecosystems. National Biological Service, Washington, D.C. pp 118-
121.

Marchand MN, Litvaitis JA (2004) Effects of habitat features and landscape composition on
the population structure of a common aquatic turtle in a region undergoing rapid
development. Conserv Biol 18: 758-767.

Markovchick-Nicholls LI, Regan HM, Deutschman DH, Widyanata A, Martin B, Noreke L,
Hunt TA (2008) Relationships between human disturbance and wildlife land use in urban
habitat fragments. Conserv Biol 22: 99-109.

Martin J, Lopez P (2000b) Costs of refuge use affect escape decisions of iberian-rock lizards,
Lacerta monticola. Ethol 106: 483-492.

Marzano M, Dandy N (2012) Recreationalist behaviour in forests and the disturbance of
wildlife. Biodiv Conserv 21: 2967-2986.

Mitchell JC (1988) Population ecology and life histories of the freshwater turtles Chrysemys
picta and Sterno therusod oratus in an urban lake. Herpetol Monogr 2: 40-61.



31

Moore MJC, Seigel RA (2006) No place to nest or bask: effects of human disturbance on the
nesting and basking habits of yellow-blotched map turtles (Graptemys flavimaculata).
Biol Conserv 130: 386—393.

National Oceanic and Atmospheric Administration (NOAA) (2015) New Jersey, Climate
Division 2 Precipitation Rankings, September 2013. http://www.ncdc.noaa.gov/temp-
and-precip/climatological-
rankings/index.php?periods%5B%5D=4&parameter=pcp&state=28&div=2&month=9&y
ear=2013#ranks-form Accessed 13 April 2015

Ner SE, Burke RL (2008) Direct and Indirect Effects of Urbanization on Diamond-backed
Terrapins of the Hudson River Bight: Distribution and Predation in a Human-modified
Estuary. In Urban Herpetology. Society for the Study of Amphibians and Reptiles Salt
Lake City, UT, pp 107-117.

Peterman WE, Ryan TJ (2009) Basking behavior of Emydid Turtles (Chysemys picta,
Graptemys geographica, and Trachemys scripta) in an Urban Landscape. Northeast
Natur 16:629-636.

Pluto TG, Bellis ED (1986) Habitat utilization by the turtle, Graptemys geographica, along a
river. J Herpetol 20:22-31.

Polo-Cavia N, Lopez P, Martin J (2010) Competitive interactions during basking between
native and invasive freshwater turtle species. Biol Invas 12: 2141-2152.

Price SJ, Dorcas ME, Gallant AL, Klaver RW, Willson JD (2006) Three decades of
urbanization: estimating the impact of land-cover change on stream salamander
populations. Biol Conserv 133: 436-441.

Price SJ, Cecala KK, Browne RA, Dorcas ME 2011. Effects of urbanization on occupancy of
stream salamanders. Biol Conserv 25: 547-555.

Price SJ, Browne RA, Dorcas ME (2012) Evaluating the effects of urbanisation on
salamander abundances using a before-after control-impact design. Freshwater Biol 57:
193-203

Rowe JW (1997) Growth rate, body size, sexual dimorphism and morphometric variation in
four populations of painted turtles (Chrysemys picta bellii) from Nebraska. Amer
Midland Natur 1:174-188.

Statistical Analysis Systems (SAS) (2005) SAS user’s guide. SAS Institute Inc., North
Carolina

Selman W, Qualls C, Owen JC (2013) Effects of human disturbance on the behavior and
physiology of an imperiled freshwater turtle. J Wildl Manage 77: 877-885.

Smith GR, Iverson JB, Rettig JE. 2006. Changes in a turtle community from a northern
Indiana lake: a long-term study. J Herpetol 40: 180-185.


http://www.ncdc.noaa.gov/temp-and-precip/climatological-rankings/index.php?periods%5B%5D=4&parameter=pcp&state=28&div=2&month=9&year=2013#ranks-form
http://www.ncdc.noaa.gov/temp-and-precip/climatological-rankings/index.php?periods%5B%5D=4&parameter=pcp&state=28&div=2&month=9&year=2013#ranks-form
http://www.ncdc.noaa.gov/temp-and-precip/climatological-rankings/index.php?periods%5B%5D=4&parameter=pcp&state=28&div=2&month=9&year=2013#ranks-form
http://www.ncdc.noaa.gov/temp-and-precip/climatological-rankings/index.php?periods%5B%5D=4&parameter=pcp&state=28&div=2&month=9&year=2013#ranks-form

32

Stuart SN, Chanson JS, Cox NA, Young BE, Rodrigues AS, Fischman DL, Waller RW
(2004) Status and trends of amphibian declines and extinctions worldwide. Sci 306:
1783-1786.

Tsipoura N, Kelly JF (2015) Deepening understanding of forest health in central New Jersey
through student and citizen science involvement. Sci Ed Civic Engage 7:87-97.

Ydenberg RC, Dill LM (1986) The economics of fleeing from predators. Adv Stud Behav 16:
229-249.

United Nations (UN) (2014) World Urbanization Prospects: The 2014 Revision, Highlights.
United Nations, Department of Economic and Social Affairs, Population Division.
(ST/ESA/SER.A/352).



Figure Legends

Figure 1. Map of central New Jersey showing approximate study location along
Delaware-Raritan Canal towpath. Study area spans between Middlesex and Somerset

County borderline.

Figure 2. Frequency of observations of K. subrubrum, C. scripta, T.s. elegans, and P.
rubriventris as a function of water temperature (C°) and week of observation during

basking season. Given is Chi square and p-values. NS= not significant.

Figure 3. For the towpath side only, correlation between the distances at which each
species was first seen by observer by the distance at which turtle first responded to
observer presence. Only for turtles that responded to observer presence by retreating

(swam away). Given are Kendall Tao values. <0.05=significant.

Figure 4. For the towpath side only, percentage of each species that responded by
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retreating to observer presence as a function of elapsed time from when the observer first

saw the turtle. Given is the Chi square and p value.
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Comparison of habitat use for four species of freshwater turtles as a function of physical characteristics
in the Delaware Raritan Canal in Central NJ . Given are means + standard error or frequency of
Table 1. observations. NS=not significant, NA=Not Available.

Painted Red Eared Redbelly Kruskal-Wallis
Species Turtle Slider Turtle Mud Turtle X2 (p)
Environmental
Variables (All
observations)
n 307 109 81 27
Water Temperature
C)| 251 + 01 [257 + 02 |250 + 02261 = 04 7.9 (0.05)
Air Temperature (°C) | 822 + 05 [831 + 0.7 |814 + 08844 =+ 12 4.0 (NS)
Canopy Cover
0-25 % 38.4 % 37.6 % 23.5% 44.4%
25-50 % 39.7% 45.9 % 40.7% 37%
50-75 % 16.0 % 9.2% 22.2% 18.5%
75-100 % 5.9 % 7.3% 13.6% -
18.2 (0.03)
Cloud Cover
0-25 % 18.2% 15.6 % 28.4% 18.5%
25-50 % 32.6% 32.2% 30.9% 11.1%
50-75 % 34.9% 38.5% 27.2% 44.4%
75-100 % 14.3% 14.7% 13.6% 25.9%
13.0 (NS)
Turtle Size
Characteristics (All
observations)
Carapace Width
S (<6in.) 19.2% 12.8% 33.3% 51.9%
M (6-12
in.) 45.0% 73.4% 59.3% 48.2 %
L (>12in.) 35.8% 13.8% 7.4% 0%
70.8 (<0.0001)
Basking Location
Rock 35.8% 34.9% 48.2% 48.2%
Log 60.3% 60.1% 51.9% 25.9%
Bank 3.9% 4.6% 0% 25.9%
Submerged Vegetation 0% 0% 0% 0%

40.2 (<0.001)
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Turtle Variables

(Opposite Towpath
Side)
n 163 46 36 0
Percent Visible From
Towpath | 924 + 10 |878 + 16|85 =+ 20 NA 16.1 (0.0003)
Height Above Water
(in|74 £ 02|74 + 03|74 £ 03 NA 0.01 (NS)
Distance to Towpath
Edge m)| 83 + 01 |83 + 01|86 = 0.1 NA 4.5 (NS)
Distance to Bank Edge
of Towpath Side(m) | 6.7 + 01 |68 + 01|69 =+ 0.1 NA 1.0 (NS)
Turtle Variables
(Towpath Side Only
Observations)
n 144 63 45 27
Percent Visible From
Towpath | 665 + 16 |651 + 22 660 + 29|513 + 29 14.2 (0.003)
Height Above Water
(in| 70 £ 0.2 70 + 02| 67 = 02| 42 + 02| 51.2(<0.0001)
Distance to Towpath
Edge (m)| 3.0 £+ 0.1 30 £+ 01| 31 + 01| 20 £ 0.1]| 47.1(<0.0001)
Distance to Bank Edge
of Towpath Side (m) | 1.5 + 0.1 14 + 01| 14 £+ 01| 05 =+ 03| 35.6(<0.0001)

Kruskal-Wallis X? (p) Turtle Variables (Opposite Side vs. Towpath Side)

Percent Visible From
Towpath

Height Above Water
(in)

Distance to Towpath
Edge (m)

Distance to Bank Edge
of Towpath Side (m)

131.0
(<0.0001)

3.5 (NS)

231.0
(<0.0001)

229.0
(<.0001)

42.3 (<0.0001)

1.2 (NS)

80.0 (<0.0001)

79.4 (<0.0001)

27.0 (<0.0001)

2.6 (NS)

60.3 (<0.0001)

60.0 (<0.0001)

NA

NA

NA

NA
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Table 2. Behavioral responses of turtles to human presence (observer). Observations include only turtles on the
towpath side. NA=Not available.

Kruskal-
Red Eared Redbelly Wallis X?
Characteristic Painted Turtle Slider Turtle Mud Turtle (p)
n 144 63 45 27
Distance Turtle First Seen by 59.1
Observer (m) 43 + 007(45 £ 01 |45 £ 01 |26 =+ 01 (<.0001)
Distance of Observer When
First Response Occurred (m) |21 + 01024 + 02 |25 £ 02 |21 =+ 01 8.6 (0.04)
Overall Response Type (%)
Swim Away 76.4% 85.7% 86.7% 100.0%
No Response 23.6% 14.3% 13.3% 0%
10.4 (0.01)
Initial Distance of Turtle
from Towpath Edge (m)
Swim Away (28 + 01 (28 + 0130 %= 0.1 NA
NoResponse |35 + 01 (41 =+ 01 4.0 + 04 NA
X? | 27.0 (<0.0001) | 21.2 (<0.0001) | 6.5 (p=0.01)
Time Elapsed Between
Turtle First Visible to
Observer and Turtle First
Response to Observer 43.5
Presence (sec) 64 + 02|59 + 03 (62 + 04|28 =+ 04 (<.0001)
Percent Return before 60 sec 0% 0% 0% 0%
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Table 3. Model explaining variation in distance and time turtles’ responded (m) to human observer for towpath
side observations only. NS= not significant

Painted Turtles Red Eared Slider Redbelly Turtle Mud Turtle
Distance Distance Distance Distance
to Time to to Time to to Time to to Time to
Respond Respond | Respond Respond | Respond Respond | Respond Respond
Model
F 4.1 2.1 2.6 2.8 1.0 1.5 12 2.1
p 0.0001 0.04 0.02 0.01 0.5 0.2 <0.0001 0.09
r? 0.21 0.16 0.31 0.37 0.20 0.3 0.80 0.50
Factors entering (F, p)
2.9 0.5 20.3
Canopy Cover (0.04) 2.2(NS) | 0.9(NS) | 2.4 (NS) (NS) 2.1 (NS) | (<0.0001) | 0.1 (NS)
3.7 0.6
Cloud Cover (0.01) 0.4(NS) | 0.8 (NS) | 0.5(NS) (NS) 2.1 (NS) | 3.4(0.05) | 1.0(NS)
Distance to Towpath 10.8 0.6 0.48 0.03
Edge (m) (0.001) 0.4 (NS) | 2.7 (NS) | 2.5 (NS) (NS) 0.1 (NS) (NS) (NS)
Percent Visible From 5.1 10.6 2.1 5.2
Towpath 0.7(NS) 3.4(NS) | (0.03) (0.002) (NS) 1.4 (NS) | 7.0(0.02) | (0.04)
Height Above Water 4.0 0.2 13.2
(in.) 0.6 (NS) 1.5(NS) 0 (0.05) (NS) 0.2 (NS) | (0.002) | 0.8 (NS)
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Figure 3.
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Figure 4.
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