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Abstract 

 Northern map turtles (Graptemys geographica) are large water turtles, which are 

abundant in the northeastern United States. Their range extends from southern Canada and east 

into Vermont, throughout the Great Lakes region and into lower Wisconsin. Although this turtle 

is widely distributed within this area, there were no reported occurrences in the Susquehanna 

River in New York until 2006. Upon further study, it was determined that a sizeable population 

of these turtles occurred along the Susquehanna River near Vestal, New York. The research 

presented in this paper is based on visual surveys to quantify occupancy of northern map turtles 

along 9.7 km of the river. Results indicate turtles occupy most of the surveyed stretch and that 

other populations likely exist in the larger tributaries of the Susquehanna as well. Capture-mark-

recapture data collected using basking traps (contributed by a collaborator) were used to 

determine population size. Analyses indicate approximately 123 individuals utilize the area 

around Moore Park in Vestal, NY. Although these turtles were not reported in the New York 

State herp atlas, other research does show their range extending into the Susquehanna River area 

of New York. This population could be a rediscovered or newly reported “old” population of 

northern map turtles.  
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Introduction 

 Northern map turtles (Graptemys geographica LeSeur) are large river turtles that are 

widely distributed throughout the Northeastern United States (McCoy & Vogt, 1990). Their 

geographic distribution ranges from southern Quebec to northwestern Vermont, west throughout 

the Great Lakes region into southern Wisconsin (Ernst, Lovich, & Barbour, 1994). This is the 

only species of map turtle inhabiting watersheds emptying to the Atlantic Ocean (Ernst et al., 

1994). Northern map turtles are characterized by their dark olive colored skin and yellow-green 

stripes. Its carapace is olive green to black with a pattern of concentric yellow-orange lines, 

looking much like a topographic map, thus the turtle’s common name (McCoy & Vogt, 1990).  

 Northern map turtles are sexually dimorphic with females much larger than males (Ernst 

et al., 1994; Gibbs et al., 2007). Females also have a broad head and neck, housing complex 

musculature for crushing shells of their molluscan prey, and a shorter thinner tail than males 

(Moll & Moll, 2004). Males, in contrast have smaller heads and narrower necks. They feed 

primarily on aquatic insects, small snails and crustaceans and are even herbivourous (Moll & 

Moll, 2004; Gibbs et al., 2007). Although males are smaller than females, their tails are longer 

and broader than the female’s. In addition, their cloaca extends out beyond the edge of the shell 

whereas the female’s cloaca is within the edge of the shell. 

 Being large water turtles, northern map turtles prefer to inhabit sites with abundant 

suitable basking habitat, typically deep, slow moving areas that are not connected to the 

shoreline (Ernst et al, 1994). They tend to avoid habitat with emergent vegetation and prefer to 

inhabit areas with abundant fallen trees and branches (Ernst et al., 1994). One reason these turtles 

may prefer to inhabit deeper, wider bodies of water is to escape from their primary predators, 

raccoons, and when approached, they often quickly dive deep into the water (Gibbs et al., 2007).  
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 Another reason these turtles may prefer to inhabit deep wide sections of river is that they 

hibernate underwater (Maginniss, Ekelund, & Ultsch, 2004). They can remain submerged 

underwater for up to 5 months (Maginniss et al., 2004), but unlike their relative, the painted 

turtle (Chrysemys picta), which can withstand relatively long periods of time underwater because 

of its tolerance to anoxic conditions, northern map turtles are relatively anoxia-intolerant and can 

only last approximately 50 days in oxygen-free water (Maginniss et al., 2004). Map turtles are 

able to tolerate being submerged underwater throughout the winter by performing aerobic 

respiration through both cutaneous respiration and buccopharyngeal resipiration (Moll & Moll, 

2004), supporting its entire metabolic needs by using only dissolved oxygen in the water 

(Maginniss et al., 2004).  

 Although northern map turtles are known to inhabit large rivers and other bodies of water 

within New York State, e.g., the Hudson River, Lake Erie, Lake Ontario, the New York State 

herpetological atlas does not show a reported population in any portion of the Susquehanna River 

(Fig. 1). However, northern map turtles have been reported further downstream in the 

Susquehanna River in Maryland and Pennsylvania. 

 

Figure 1. Geographic range of northern map turtles in New York State. 
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 In early August of 2006, two northern map turtles were photographed basking in the 

Susquehanna River near Vestal, NY (Lamoureux, personal communication). Originally, 

researchers thought these turtles were misidentified or that this map turtle population was sparse 

and so the idea of a population occupying the Susquehanna River in NY was largely dismissed.  

In spring 2007, however, 19 turtles were observed basking in one small area near Vestal, NY and 

12 more were observed basking less than a half-mile away. After these observations were 

confirmed, research was then initiated to determine if there was a viable population of northern 

map turtles inhabiting the Susquehanna River at Vestal, NY. 

 During the 2007-2008 field season, visual surveys were conducted along a 9.7 km stretch 

of the Susquehanna River from Johnson City, NY to Endicott, NY in an attempt to determine 

occupancy of northern map turtles in this section of the river (Lamoureux, unpublished data). In 

addition, turtles were trapped using basking traps, marked and released in order to determine a 

population size inhabiting the area. Finally, several females were radiotagged and followed in 

order to elucidate hibernation and nesting behavior of these turtles.  During that field season, 

more than 100 individuals were captured, marked, and released, demonstrating a viable 

population existed along the Susquehanna River in New York. 

 Objectives of this research were 1) to analyze data from the 2007-2008 field study to 

calculate a population size, 2) compare to data collected in 2012, and 3) synthesize findings to 

better understand the ecology of the population inhabiting the area. In essence, the objective was 

to use the baseline data collected over the course of 2007-2008 as a reference to understand how 

the population had changed in the past four years. Also, last year, there was a record-breaking 

flood in the Southern Tier of New York with flood gauges on the Susquehanna River in Vestal 

reading 11.6 meters (38 feet) (flood stage = 5.5 m (18 ft)). Conducting population research 
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following such a drastic flooding event could help to show if and how the turtles and the rest of 

the river ecosystem are affected by such catastrophic events. Additionally, hydrofracking is a 

pressing issue in this area and having more baseline data on these susceptible organisms may be 

helpful in showing impacts of this invasive procedure.  A better understanding of the ecology of 

northern map turtles here could lay the foundation for understanding if water quality will be 

affected and how it could affect this population of turtles. Northern map turtles are an important 

component of the aquatic food web and have been considered a keystone species (Moll & Moll, 

2004). Small changes in water quality could have detrimental effects on these turtles and 

subsequently the rest of the food web.   
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Methods 

 In order to trap turtles, a “License to Collect or Possess” from the New York State 

Department of Environmental Conservation (DEC) was needed. An application for the permit 

was submitted in early May to give ample time to trap turtles throughout the summer. The permit 

took approximately 45 days to be processed. In the meantime, visual surveys were conducted in 

order to understand the types of habitats turtles were found in, at which time of day and in what 

weather conditions they were most likely to be seen, as well as their overall behavior. 

 A 9.7 km stretch of river from the boat launch at William Hill Park in Johnson City, NY 

to the boat launch at Grippen Park in Endicott, NY was surveyed via kayak several times 

throughout the summer (Fig. 2). While surveying the river, suitable basking sites were located 

and investigated for basking northern map turtles. The number of turtles seen basking was 

recorded, in addition to information about the type of substrate on which it was basking, the time 

of day, as well as its GPS location. Because of the sexual dimorphism in the size of these turtles, 

the sex of the turtle was also inferred. Sighted turtles were then mapped on Google Earth (Fig. 

2). 

 

Figure 2. Turtles seen on the 9.7 km stretch of the Susquehanna River from Johnson City to Endicott, NY. 
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 In addition to surveying the 9.7 km stretch, a portion of the Chenango River in Greene, 

NY was also surveyed following a report of an observed northern map turtle from a local 

amateur naturalist. This9.7 km stretch of the Chenango River began at the DEC boat launch in 

Brisben, NY and ended at the DEC boat launch at the route 41 bridge in Greene, NY (Fig. 3). 

 

Figure 3. Turtles seen on 9.7 km stretch of river from Brisben to Greene, NY along the Chenango River. 

 Finally, an 17.7 km stretch of the Susquehanna River was surveyed from Endicott, NY to 

Owego, NY consisting of two separate survey sections: a 7.2 km stretch from Grippen Park in 

Endicott to the DEC boat launch at the 962J Bridge in Apalachin, NY and a 9.7 km stretch from 

962J Bridge to Hickories Park in Owego, NY (Fig. 4). This survey was conducted in order to 

determine if there were map turtles further downstream from the primary survey area. This 

portion of the river had not been closely studied in the previous seasons. 
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Figure 4. Turtles seen on 17.7 km stretch of Susquehanna River from Endicott to Owego, NY. 

 Trapping began in the early August 2006 using basking traps similar used in Gamble, 

2006. The first basking traps were constructed of 4” diameter PVC pipe connected at the corners 

with 4” PVC elbows. Rectangles of 24” x 34” were constructed by cementing the PVC together 

with PVC cement. This also made the connections watertight. A fiberglass rod was weaved 

through a seine net that was then suspended from the PVC frame using cable ties. A 1”x6” board 

was also cable tied to the trap, perpendicularly bisecting the 24” side of the trap. Two 14” 

grooved ramps were attached by hinges to the end of the 1x6 board, allowing the ramps to 

fluctuate with the water level. Traps were rehabilitated and reused from the 2007-2008 trapping 

season.  In 2007, the above design was modified to yield a ‘double decker’ basking trap 

consisting of two 4” inch rectangular frames attached on top of each other (Fig. 5) and the ‘mini 

double decker’ consisting of a basic 4” frame rectangle with an additional rectangle of 1” PVC 

pipe added around the top (Fig. 6). These were modified from the original design as low trap 
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numbers in the beginning of the 2007 trap season were thought to be due to large females 

escaping from traps. 

 

Figure 5. "Double decker" trap design. 

 

 

Figure 6. "Mini double decker" trap design. 
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 Traps were set at sites where many northern map turtles had been observed throughout 

the summer, centralized around the Moore Park boat launch in Vestal, NY (Fig. 7). This site was 

chosen for multiple reasons. First, it was approximately halfway between the start and end of the 

primary 9.7 km study area on the river, second, it seemed to have the highest concentration 

turtles, and third, there was easy access to the river in this location for both car and kayak. Trap 

locations were altered throughout the season in order to try and capture the maximum number of 

turtles (some locations were less ‘productive’ at trapping turtles). Traps were checked once every 

24 hrs in compliance with the DEC permit. 

 

Figure 7. Trap locations at Moore Park, Vestal, NY summer 2012. (Susquehanna River) 

 The traps were designed so that turtles could climb up the ramp and bask on the plank 

spanning the traps. When it was sufficiently warmed, it would “drop” back into the river, but 

instead would fall into the trap and would be unable to escape. Some turtles were also scared into 

the nets from basking because of their skittish nature. Once a turtle was captured in the trap, it 

was removed and placed into a bucket while the kayak was maneuvered to a more stable position 
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near shore. Turtles were then observed for noticeable markings (deformities due to injury or birth 

defects, previous marks from earlier capture, overall health, etc.) and sexed (by pulling the tail 

out from being tucked under the shell and noting the location of the cloaca). If the tail was broad 

and the cloaca extended out beyond the edge of the carapace, the turtle was a male. If the tail was 

thin and the cloaca did not extend out beyond the edge of the carapace, the turtle was a female. 

Additionally, the length of the turtle’s carapace was measured using small calipers or tree 

calipers depending on the size of the turtle.  

 Next the turtle was given a unique two-letter code mark. A range of mark-codes was 

obtained from the DEC. Turtles were marked by filing out a small section of a particular 

marginal scute on the carapace with a small triangular file (adapted from Cagle, 1939). Starting 

at the nuchal scute at the top of the carapace going clockwise around the carapace, there should 

have been 24 marginal scutes (12 on each side, Fig. 9). Each of these scutes represented a letter 

in the code. The first scute to the right of the marginal scute represented A. The second to the 

right represented B and so on until the scute to the left of the nuchal scute represented X. Two-

letter codes used during the 2007-2008 field season were not used. Finally, after the turtle was 

marked, it was weighed the nearest gram or tenth of a gram (depending on the scale) using a 

pesola scale. The turtles were then released back into the river nearest the location where it was 

trapped. 
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Figure 8. Scute marking code. 
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 Trapping occurred for two consecutive weeks from August 1 to August15 and again for 

two consecutive weeks in October from September 30 to October 14. Subsequent analysis of 

capture-mark-recapture data was based on the Lincoln-Petersen equation: 

N=MC/R 

where M = number marked and released, C = number subsequently examined, R = number 

recaptured, and N = population number. This equation was used to calculate population size from 

both the 2007-2008 recapture data and 2008-2012 recapture data.  
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Results 

 Observational turtle surveys were conducted on seven different days during the 2012 

summer field season (Table 1). Four of these surveys occurred on the primary 9.7 km stretch 

from Johnson City to Endicott. The highest number of map turtles observed was 62 on June 19. 

The lowest number of turtles seen was 31, on both May 26 and July 18. Three other surveys were 

conducted as well in order to determine the extent of this population. The first map turtle 

sighting outside of the 9.7 km stretch was on the Chenango River near Greene, NY on June 11 

when three map turtles were observed. Two more surveys were also conducted further down 

river from Endicott to Owego, NY. Surveys on this stretch of river were conducted on two 

separate days. On July 24, 15 turtles were seen from Grippen Park in Endicott to the DEC boat 

launch in Apalachin, NY. The following day, July 25, 34 turtles were observed between the DEC 

boat launch in Apalachin to Hickories Park in Owego, NY. 

2008$2012&
Date& No.&turtles&observed& River&

26#May' 31' Susquehanna'
19#Jun' 62' Susquehanna'
18#Jul' 31' Susquehanna'
22#Jul' 44' Susquehanna'
11#Jun' 3' Chenango'
24#Jul' 15' Susquehanna'(Owego)'
25#Jul' 34' Susquehanna'(Owego)'

Table 1. Number of turtles seen on kayak surveys during summer 2012. 

 During the summer and fall trapping season of 2012, 22 turtles were captured in basking 

traps. Of these 22 turtles, 11 were male and 11 female (Table 2). The weight range for males was 

between 110 g and 280 g whereas the weight range for females was between 362 g and 1820 g. 

Maximum carapace length for males was 130.5 mm and 242.5 mm for females. Mass was highly 

correlated with the length of the carapace (r2 = 0.88) (Fig. 9).
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Table 2. Recaptured turtle data. (2012) 

Date% Time% Species% Code%
Recap%(R)%
/New%(N)% M/F% Length%(mm)% Weight%(g)%

8/3/12& 15:30& MAP& O,Q& N& F& 155.5& 500&
8/5/12& 20:00& MAP& O,V& N& M& 98.9& 110&
8/11/12& 17:00& MAP& B,D& R& F& 242.5& 1750&
8/12/12& 19:30& MAP& O,W& N& M& 100.5& 122&
8/13/12& 16:45& MAP& O,X& N& F& 130.5& 362&
10/1/12& 18:30& MAP& B,N& R& M& 112.9& 220&
10/3/12& 18:30& MAP& A,X& N& F& 227& 1820&
10/3/12& 18:30& MAP& M,V& R& M& 130.5& 280&
10/4/12& 17:00& MAP& B,X& N& F& 182& 860&
10/4/12& 17:00& MAP& O,P& R& M& 108& 175&
10/4/12& 17:00& MAP& A,W& N& F& 232& 1680&
10/5/12& 18:15& MAP& H,I& R& F& 210& 1510&
10/5/12& 18:15& MAP& DEF@1& N& F& 153& ?&
10/5/12& 18:15& MAP& J,W& N& M& 119.3& 230&
10/5/12& 18:15& MAP& I,X& R& M& 112.3& 210&
10/5/12& 19:15& MAP& A,Q& N& F& 158& 560&
10/5/12& 19:15& MAP& A,P& N& F& 143& 430&
10/6/12& 17:30& MAP& A,O& N& F& 211.5& 1300&
10/9/12& 14:30& MAP& A,N& N& M& 989& 150&
10/9/12& 14:30& MAP& M,X& R& M& 126.9& 265&
10/11/12& 15:45& MAP& A,B& N& M& 91.15& 120&
10/14/12& 17:00& MAP& A,C& N& M& 90& 140&
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Figure 9. Direct relationship between carapace length and body mass. 

 Seven turtles were recaptured from the study four years ago (5 male and 2 

female). All males were observed to have gained body mass since the previous study with 

a percent change in body mass ranging from 3.7% to 45.8% (Table 3). Percent change in 

female body mass could not be determined because accurate measurements of turtle mass 

were not recorded in the previous study. Given the data from the previous study (n = 

102), the ratio of females to males captured decreased from 1.15 to 1 (Table 4). 
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2008$2012& & & & & &
Mark% Initial%Mass% Recap%Mass% Change%in%mass% %%Change%in%mass% Growth%rate%(%change/year)%

B,D& 1000 1750& $& & &
B,N& 170 220& 50& 29.4& 0.07&
M,V& 270 280& 10& 3.7& 0.01&
O,P& 120 175& 55& 45.8& 0.11&
H,I& 1000 1510& $& & &
I,X& 190 210& 20& 10.5& 0.03&
M,X& 230 265& 35& 15.2& 0.04&
& & & Average&Growth&Rate& 0.05&
& & & Average&growth& 34&

Table 3. Mass, change in mass, percent change in mass and growth rate of 2012 recaptured turtues from 2008 to 2012. 

 

Ratio&of&females&to&
males& & & &

2012&
F& 11& F:M=& 1&
M& 11& && &&

2007$2008&
F& 55& F:M=& 1.15&
M& 48& && &&

Table 4. Female to male ratio of population for both 2007-2008 and 2012 seasons. 
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 In addition to determining the female to male ratio of turtles captured, an analysis 

of weight class was performed in order to determine which category each of the captured 

turtles fell into. These data were broken down not only by weight class, but also by sex. 

In 2007-2008, males fell into the lower three categories (<100 g, 100-199 g, and 200-299 

g) with no males having a mass greater than 299 g. Females, on the other hand, were 

found in all but one of the weight categories (800-899 g). In 2012, no turtles were 

captured that fell into the <100 g category. Again, no males were captured that were 

above 299 g. Females were not found in any weight classes lower then 300 g and half of 

the females were greater than 1000 g. These data are depicted in Figure 12 and Figure 13. 

Data also suggest that at maturity, females are larger than males. This is similar to what 

other researchers have found in that northern map turtles are one of the most sexually 

dimorphic river turtles in the northeast (Moll & Moll, 2004). 

 Between the 2007 and 2008 field seasons, turtles were found to have growth rates 

ranging from -0.02 to 0.23. The average growth rate for males between 2007 and 2008 

was 0.013 whereas the average female growth rate was 0.067, approximately 6 times 

faster than the male growth rate. Females gained an average of 45 g from 2007 to 2008 

whereas males gained 7.8 g on average. These data suggest that females grow much 

faster than males do, again contributing to their high degree of sexual dimorphism. 
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Figure 10. Comparison of male and female turtles based on weight class (2007-2008). (Lamoureux, 2009) 

 

Figure 11. Comparison of male and female turtles based on weight class (2012). 
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 Population sizes were calculated using the mark recapture data from the previous study as 

well as data from the current study. Using the Lincoln-Petersen equation N=MC/R, the 

population of northern map turtles in 2008 was estimated to be 123 individuals (Table 5). 

However, the current season’s data estimates a population size of roughly 412 individuals  

(Table 6). 

! 2007! 2008!
Total 47 94 

Recaptured 36! !!
N=47*94/36! 122.7!

N=[(47+1)(94+1)/(36+1)]-1 125.7!
! 37% error 172.2!

Table 5. Calculation of population size from capture-mark-recapture data between 2007 and 2008. 

 

! 2012! 2008!
Total! 22! 75!
Recaptured! 4! !!
! ! !

N=22*75/4! 412.5!
N=((22+1)(75+1)/5)@1! 348.6!

Table 6. Calculation of population size from capture-mark-recapture data between 2008 and 2012. 

 During the trapping period, individuals were examined for their overall health. This 

season, 6 of the 22 (27%) individuals captured had some sort of deformity, e.g., condition of 

their carapace (number of marginal scutes or missing parts of the carapace), missing limbs, etc. 

Similarly, in the 2007-2008 field season, 15 of 102 (15%) turtles also had such deformities. 

 In addition to data collected relating to turtles, data about trapping success was also 

compiled and analyzed. Data from 2007-2008 indicate the highest trapping success occurred in 

the months of September and October whereas lowest trapping success occurred in April and 

August (Fig. 12). 
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Figure 12. Trapping success by month. (Lamoureux, 2009)   
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Discussion 

 This summer, four surveys of turtle populations were conducted on the 9.7 km stretch of 

the Susquehanna River. This was a follow up study to previous work by Dr. Victor Lamoureux. 

As previously mentioned, the highest number of turtles seen on the river was on June 19 when 62 

turtles were observed basking along the study stretch. More turtles were expected to be seen on 

the first survey on May 22, 2012 than were actually seen. The turtles that were seen were 

concentrated in the upper 4.8 km of the river. Disturbance by a jetski was likely the reason that 

more turtles were not seen in the lower 4.8 km as one was heard downstream and later seen at the 

end of the survey. Although no statistical analysis was performed to determine the correlation of 

weather with number of turtles seen, the number of turtles observed basking appeared to be 

related to the weather conditions: more turtles were seen basking on hot sunny days than on cool, 

windy, overcast days. 

 In addition to the primary 9.7 km survey stretch of river, two new sections of the river 

were surveyed as well. A reported occurrence of northern map turtles was checked in the 

Chenango River between Brisben and Greene, NY. During this survey, three northern map 

turtles were seen. This indicates the range of northern map turtles extends up into the Chenango 

River at least as far as Greene, NY. Surveys were also conducted downstream from the normal 

9.7 km survey area towards Owego, NY. During these two surveys, 15 individuals were seen 

between Endicott, NY and Apalachin, NY and 34 individuals were seen between Apalachin and 

Owego, NY. This suggests that the northern map turtle population extends further downriver at 

least as far as Owego. Further studies should be conducted to fully assess the range of northern 

map turtles in the Susquehanna River. New areas to survey could include going further upriver in 

the Susquehanna to Conklin, NY and even as far north as Cooperstown near the river’s source. 



 22 

Surveys could also focus further downriver east of Owego in Elmira where turtles may even 

occupy the Chemung River. In addition, more sites could be used for trapping to collect even 

more population data. 

 Trap data from later in the season was compiled and analyzed to determine a population 

size. The population of turtles inhabiting the Vestal, NY area of the Susquehanna River was 

calculated to be approximately 123 individuals using the Lincoln-Petersen method for capture-

mark-recapture with the 2007-2008 field season data provided by Dr. Victor Lamoureux. This 

number seems low for the capture-mark-recapture data that was collected. Although only 102 

individuals were captured and marked, many new individuals were still being caught at the end 

of the 2008 season suggesting that there were still many new turtles to be captured. Some authors 

posit the Petersen estimator may underestimate population size (1964), e.g., Robson & Regier 

(1964) state that at larger population sizes, it can underestimate the population by as much as 

37%. Assuming that the population was underestimated by as much as 37%, a more accurate 

portrayal of the population may be closer to 172 individuals (Table 6).  

 The authors also noted that at smaller population sizes, there is not as much bias in the 

calculation (Robson & Regier, 1964). However, a population of 412 individuals seems too large 

for what would be expected when comparing it to the previous study. The discrepancy could be 

due to error associated with having a small sample compared with the previous study. Also there 

were few recaptured turtles because the study was only conducted for a total of 28 days whereas 

the previous two were conducted over the course of the entire summer and into the fall months. 

Because of this, much more effort was given in the previous two studies than was given in this 

study. With increased investment comes increased accuracy of results (Robson & Regier, 1964). 
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Therefore, the population size calculated using the 2007-2008 data is likely more accurate than 

data collected in the 2012 study. 

 Data from all three seasons were analyzed in order to understand the demography of 

turtles at the study area with respect to sex and size. During the 2012 field season, there were no 

turtles captured weighing less than 100 g (Fig. 13). Although only five turtles were captured in 

that class during the 2007-2008 field seasons, it would still be expected that captured turtles in 

2012 would represent all class sizes, especially because juveniles in this species are very small. 

Though trapping methods do favor the capture of larger individuals because small turtles can 

bask on a wider size range in debris than larger individuals can. However, this lack of small 

turtles (yearlings) could be a result of the record-breaking flood that raised the water in the river 

and inundated the surrounding floodplain under 38 feet of water (October 2012). Small turtles 

are not as good at swimming in strong currents as larger adults and could easily be washed 

downstream (Ernst et al., 1994). These yearlings could have died in the flood or could have been 

displaced downstream. It would be interesting to see if and how recruitment is affected during 

the season following such catastrophic floods. 

 In addition to classifying captured turtles based on their weight class, a correlation was 

also found to determine the relationship between carapace length and mass. It was found that 

mass is directly related to carapace length (r2=0.88). This suggests that carapace length is a good 

indicator of the mass of an individual. 

 Growth of recaptured turtles was calculated based on the previous mass of the captured 

individual and its mass at the time of recapture. It was found that turtles grew anywhere from 

3.7% to 45.8%, however, only males were analyzed because female mass was deemed inaccurate 

due to lack of suitable equipment at initial capture (i.e. the Pesola scale was not large enough to 
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accurately weigh female mass). As turtles grow and reach maturity, their growth rate declines. 

Therefore, it can be concluded that the turtles with the higher growth rates are younger than 

those with lower growth rates.  

 An interesting result discovered during this study was that there is a higher level of 

deformity in northern map turtles in the Susquehanna River than was expected. Deformities 

reported included missing marginal scutes, indentations in marginal scutes, additional marginal 

scutes (i.e. 26 marginal scutes instead of 24), missing portions of the shell, missing limbs, and 

amputated limbs. Additionally, some possible intersex turtles were captured (turtles too large to 

be males, but when identified by tail/cloaca structure would be considered males). During the 

2007-2008 field season, 15 out of 102 (14.7%) captured turtles were found to have some type of 

deformity. During the 2012 field season, 6 out of 22 (27.3%) turtles were found to have 

deformities. Because these turtles are so skittish upon approach, shell abnormalities could be 

attributed to falling off of high branches while basking. The missing limbs could also be a result 

of accidents with motorboat propellers or adverse environmental conditions, however it is largely 

unknown how these turtles lost their limbs. The only known predators of northern map turtles in 

the Susquehanna River are raccoons, which prey on the eggs and hatchlings, and possibly 

aggressive snapping turtles.  

 A study conducted by MacCulloch (1981) found similar results when studying shells of 

painted turtles (Chrysemys picta) in Saskatchewan. He found that 22% of captured individuals 

had some sort of shell abnormality and concluded that shell abnormalities most likely formed 

during embryonic development and were a result of poor environmental conditions (e.g., low 

incubating temperature). There are two wastewater treatment plants located on the Susquehanna 

River near the study location, one upstream and one downstream, which discharge treated water 
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into the river. When flooding occurs, untreated water flows directly into the river. Untreated and 

poorly treated water may affect the water quality of the river and subsequently affect the 

developmental conditions of these turtles.  

 Additionally, this untreated water could also play a role in the intersex turtles that were 

captured. A study by Crain and Guillette (1998) determined exposure to endocrine disrupting 

chemicals such as polychlorinated biphenyls (PCB) and oestrodiol during development can alter 

sex determination reptiles. In one example, red eared sliders (Trachemys scripta) were exposed 

to PCBs, which caused feminization in a species where sex was dependent on incubation 

temperature. Therefore, even though eggs were incubated at a temperature that would normally 

produce a male, female turtles hatched from the eggs (Crain & Guillette, 1998). Endocrine 

disrupting chemicals which are not removed at most wastewater treatment facilities could be 

severely altering the reproductive system of northern map turtles during development, causing 

them to be intersex. Like the red eared sliders, the sex of northern map turtles is also 

environmentally determined (incubation temperature of the eggs). More research, specifically in 

the field of ecotoxicology, should be conducted on the quality of the river water and determine if 

water quality could be contributing to deformities seen in these captured turtles. 

 In addition to the data analyzed about the turtles, data was compiled and analyzed to 

determine the best time to conduct trapping surveys of northern map turtles. It was found that the 

best time of year to conduct trap surveys was in early fall, especially during October when the 

highest number of turtles per trap day were captured. Although these turtles emerge in the late 

spring, they are not heavily captured in the traps then. It is speculated that turtles do not bask as 

much during the summer because the temperature of the water is elevated to a point where the 

turtles do not need to bask extensively in order to thermoregulate. Basking would function 
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primarily to rid of parasites such as leeches and remove bothersome algae from the carapace. In 

the fall, the water temperature would be cooling and would heat more slowly than the air. 

Therefore turtles would need to bask more in the fall to regulate their body temperature. This 

could contribute to higher capture success in the fall. In addition, from prior radiotracking 

studies, it appears as though the Moore Park study area is located in an area where turtles 

hibernate, perhaps contributing to the higher trapping success in the fall months. Further 

surveying away from known hibernation areas could demonstrate differential trapping success. 
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Conclusion 

 Much was learned about the ecology of northern map turtles. An estimated population of 

approximately 123 individuals is currently thriving in the Vestal area of the Susquehanna River, 

an area in which this species of turtle was not previously known to occur. The population is 

composed of individuals in most size classes and exhibits a stable female to male ratio. 

 Further studies should be conducted in order to determine the extent to which these 

turtles inhabit the Susquehanna River and its larger tributaries. Understanding this extent could 

elucidate where these turtles came from. Because the turtles are known to occupy the 

Susquehanna further south in Maryland and Pennsylvania, this population could just be a 

rediscovered population that has long inhabited the Susquehanna River in New York yet has 

remained largely unnoticed. 

 Although these turtles appear to be thriving in this area, the turtles are sustaining a level 

of deformity that seems unnaturally high. More work in the field of ecotoxicology should be 

conducted in order to determine causes of the high level of deformities in this population. Turtles 

are good indicators of health of the river ecosystem, especially for endocrine disrupting 

chemicals. With the immanent threat of hydrofracking in the Southern Tier of New York State, 

understanding how different chemicals affect these turtles could help to demonstrate if and how 

the river and surrounding watershed could be affected by hydrofracking. Overall, more follow up 

studies should be undertaken in order to understand more about the ecology of northern map 

turtles in the Susquehanna River.  
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