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ABSTRACT. - The effects of agricultural development on wood turtles (Clemmys insculpta) were 
investigated in Quebec during 1994 and 1995. Age structure, growth, and mutilation rates were 
compared between an agricultural population and a reference site in an undisturbed forest. Turtles 
in the 0-4 year age class were absent from samples taken at the agricultural site. Overall, 23 % fewer 
juveniles were encountered at the agricultural site. In addition, relatively fewer adults from the 20+ 
age class were captured. Shell injuries were twice as common at the agricultural site when compared 
to the forest site, whereas limb amputations were twice as frequent at the forest site. Although shell 
injuries inflicted by predators occurred with similar frequencies at both sites, there were 2. 7 times 
more fractures resulting from anthropogenic sources at the agricultural site. Multiple limb loss 
occurred only at the forest site. Tail amputations occurred with similar frequencies at both sites. 
Casts of costal scute annuli revealed that turtles at the agricultural site had significantly lower 
growth rates during their second decade of life. Females at the forest site were significantly larger 
for all measurements recorded, whereas males differed only with respect to carapace and plastron 
lengths. Agricultural development may have resulted in reduced predation, but also in reduced 
growth and recruitment, as well as increased adult mortality. 
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The North American wood turtle, Clemmys insculpta, is 
considered a species in decline and has been placed on 
CITES Appendix II in order to monitor collecting and 
international trade (Buhlmann, 1992; 1993). Theories for 
the apparent declines of certain populations of wood turtles 
have been formulated and tentative solutions have been 
proposed (Harding , 1991; Kaufmann, 1992a; Buech et al., 
1993; Garber and Burger, 1995; Litzgus and Brooks, 1996). 
Garber and Burger ( 1995) suggested that C. insculpta would 
be an ideal experimental organism for comparative studies 
on the effects of forest fragmentation and human distur­
bances. Indeed, several studies have documented that wood 
turtles actively seek out ecotones (Brewster and Brewster, 
1991; Ross et al., 1991; Kaufmann, 1992a). Ecotones, or 
edge habitats, are defined as transition zones of increased 
vegetative heterogeneity at the junction of two discrete 
habitat types (Allaby, 1991). Anthropogenic ecotones, such 
as shelterbelts, farmsteads, and clearcuts (Hasbrouck et al., 
1992), have been shown to increase the foraging efficiency 
of numerous species of animals (Pearson, 1968; Wallmo, 
1969; DeByle , 1981; Thompson and Fritzell , 1990). Conse­
quently, it has been suggested that wood turtles might 
benefit from moderate agricultural or logging activities 
which produce thes e edge habitats (Harding , 1991 ; 
Kaufmann , 1992a). The use of ecotones as a viable manage­
ment tool has however , been questioned (Gates and Gysel , 

1978; Saunders et al., 1991). Temple (1987) reported 
that the foraging efficiency of Blanding ' s turtle 
(Emydoidea blandingii) nest predators increased near 
ecological edges, whereas Congdon et al. (1983) docu­
mented otherwise in another population. Furthermore, 
Kaufmann (1992a) conceded that crop rotations and 
farm machinery could pose important risks to wood 
turtles. Although wood turtles might indeed benefit from 
moderate agricultura l or logging activities within their 
home ranges, thi s claim has never been investigated. 
Bayle y and Highfield (1996) documented several nega­
tive effects of deforestation and agriculture on Testudo 
graeca graeca. Our objective was to determine whether 
agricultura l development had any negative impacts on 
Clemmys insculpta populations in Quebec. We com­
pared degrees of mutilation, age struc tures, and growth 
rates between two populations of C. insculpta found in 
agricultural and forest habitats. 

MATERIALS AND METHODS 

Study Sites. - We studied wood turtles, Clemmys 
insculpta, at two sites in the Great Lakes - St. Lawrence 
forest region of southern Quebec , Canada. In keeping with 
the conservation recommendations of Litzgus and Brooks 
(1996), the exact locations of our study sites are not dis-
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closed. Both sites were comprised of approximately 6 km of 
meandering river. 

The agricultural site was located in Brome County at an 
altitude of 140 m above sea level. The average number of 
frost-free days (FFD) for this site was 110, based upon 30 
years of data ( 1951-80). This population has been subjected 
to various forms of agricultural disturbances since 1797. 
Extensive hay fields and cattle pastures covered approxi­
mately half the site, with the remaining half being mostly 
deciduous forest. The dominant tree species were Manitoba 
maple (Acer negundo), speckled alder (Alnus rugosa), wil­
lows (Salix sp.), and white elm ( Ulmus americana ). On some 
farms, cattle were denied access to the river by electric or 
barbed -wire fencing. The river is subjected to substantial 
water level fluctuations during spring run-off. Stream bank 
erosion was pronounced along both cattle pastures and hay 
fields. An abundance of sand and gravel banks occurred 
along the river's edge. Gravel roads, serving local residents, 
crossed the river at three points. A paved road ran parallel to 
the river at distances ranging from 20--640 m. Sampling took 
place between 2-19 May 1995. 

The forest site was in Pontiac County, approximately 
I 00 km north west of the agricultural site, at an elevation of 
180 m. The average number of FFD was 113 (based upon 27 
years of data between 1951-80). The study area included a 
meandering stretch of virtually undisturbed floodplain in a 
transition forest characterized by restricted road access, 
absence of agricultural development, a minimum of forestry 
activity, and extensive marshes. Dominant tree species in­
cluded balsam fir (Abies balsamea), speckled alder (Alnus 
rugosa), trembling aspen (Populus tremuloides), and white 
spruce (Picea glauca). Five gravel areas suitable for nesting 
were present within the study site, only one of which was not 
associated with an old logging road. Overall, the river at the 
forest site was deeper and narrower than the one at the 
agricultural site. It was crossed at one point by a highway and 
had a restricted access gravel road parallel to it. The main 
human activities along the river included hunting white­
tailed deer (Odocoileus virginianus) and ruffed grouse 
(Bonasa umbellus) in the fall, as well as fishing for brook 
charr (Salvelinusfontinalis) in the spring. This site has been 
surveyed sporadically for wood turtles since 1984 (Saumure, 
1992). A more intensive sampling for this project took place 
between 30 May and I July 1994 and 22 May to 22 June 
1995. 

Capture Techniques. - Turtles at both sites were 
captured by hand or dipnet. The agricultural area was pa­
trolled on foot along the river banks and by canoe. Turtles 
were usually encountered in open grassy areas several meters 
from the river. Most specimens did not attempt to flee when 
approached. The forest site was surveyed by canoe, as the 
dense thickets of speckled alder along the river banks pre­
cluded a silent approach. Wood turtles usually basked at the 
river's edge and dove into the river at the slightest visual or 
auditory disturbance. Occasionally, natural openings cre­
ated by the actions of beaver ( Castor canadensis) occurred 
along the river banks. These areas were searched on foot. In 

addition, three nesting areas were patrolled during June of 
1994 and 1995. 

Each turtle was distinctly marked by notching the 
carapace (Cagle, 1939) using a numerical system similar to 
the one described by Froese and Burghardt ( 197 5). Hatchlings 
and small juveniles, not large enough to be notched, were 
marked by placing 0.018 gauge stainless steel wire rings 
through the marginal scutes (Layfield et al., 1988). 

Mutilation. - Detailed notes, drawings, and photo­
graphs were taken of injuries to the limbs, tails, and shells of 
captured turtles in order to compare rates of mutilation 
between the two populations. Congenital abnormalities 
(Harding and Bloomer, 1979) were excluded from our 
compilations. Traumatic injuries were classified as either 
due to predation (Fig. 1) or collision (Fig. 2). Collision 
injuries resulted from encounters with cattle or motorized 
vehicles, such as passenger vehicles and farm machinery. 
When trauma was of undetermined origin, it was tabulated 
separately. Tail injuries were also compiled separately, as 
these injuries are known to be caused by conspecific wood 
turtles in captivity (Bell, 1972). Furthermore, contaminants 
such as PCBs, dioxins, and furans are known to cause tail 
malformations in common snapping turtle embryos, Chelydra 
serpentina (Shirose et al., 1996). 

Morphometrics and Age Structures. - Turtles were 
sexed based on a combination of their size (Harding and 

Figure 1. Clemmys insculpta from study site with mutilated 
posterior plastron and partially amputated tail due to predation. 

Figure 2. Clemmys insculpta from study site with crushed posterior 
carapace and several damaged marginal scutes due to collision. 
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Bloomer, 1979; Lovich et al., 1990; Brooks et al., 1992; 
Kaufmann, 1992a) and the presence or absence of male 
secondary sex characteristics, such as plastral concavity or 
a relatively longer preanal tail length (Wright, 1918; 
Kaufmann, 1992b ). Much variability exists in ages at matu­
rity published in the literature (Farrell and Graham, 1991; 
Harding, 1991;Rossetal., 1991;Brooksetal., 1992;Garber 
and Burger, 1995), probably because maturity in C. insculpta 
may be more a function of size than age. Juveniles included 
all turtles of undetermined sex. Our juvenile category in­
cluded hatchlings, juveniles, and subadults as described by 
Farrell and Graham (1991). 

The maximum length and width of both the carapace 
and the plastron were determined with Mitutoyo dial cali­
pers(± 0.05 mm). Turtles~ l kg were weighed using Pesola 
spring scales accurate to± 2 or± 10 g, depending on the mass 
of the specimen. Turtles in excess of 1 kg were weighed with 
an Ohaus spring scale (± 25 g). 

Growth rings are produced on an annual basis in wild 
wood turtles for 15 to 20 years (Harding and Bloomer, 1979; 
Harding, 1985a). Whenever possible, dental stone casts of 
the anterior right costal scute were made (Galbraith and 
Brooks, 1983, 1987; Zug, 1991; Brooks et al., 1992). These 
molds provided us with permanent records of the minimum 
age and annual growth of each turtle captured (Ewing, 
1939). Casts of two preserved (NMC 26568, 33884) and 
one frozen specimen (RAS -251) from the forest site were 
included in the analyses. Age estimates were categorized 
into five classes in order to determine frequency distribu ­
tions for both populations. In addition, dial calipers were 
used to measure the width of growth rings on each cast. 
These measurements enabled the comparison of growth 
rates between populations. As sexual size dimorphism 
occurs in C. insculpta (Lovich et al., 1990), we also 
subdivided our growth data by sex to enable us to detect 
any intrasexual differences that may exist between the 
two populations. 

Statistical Analyses. - As growth measurements from 
a particular turtle are correlated, and thus not independent, a 
repeated -measures design was used (Moser et al., 1990; 
Potvin et al., 1990). Univariate repeated -measures analysis 
of variance (ANOV AR) were used to interpret the data. As 
the assumption of sphericity was violated, the Huynh-Feldt 
(H-F) adjusted F-values were used to detect significance. 
Data analyses were accomplished using the General Linear 
Model (GLM) procedure (SAS Institute Inc., 1985). 

Table 1. Percentages of male, female, and juvenile Clemmys 
insculpta with mutilated limbs, tail, carapace, and/or plastron from 
agricultural and forested sites in southern Quebec, Canada. No 
significant differences . 

Agriculture Forest 
n % mutilated n % mutilated 

Male 16 81.2 10 70.0 
Female 13 69.2 10 90.0 
Juvenile 4 50.0 11 54.5 

Total 33 72.7 31 71.0 

Table 2. Percentages of wood turtles with mutilated appendages 
and/or shells from agricultural (n = 33) and forested (n = 31) 
populations in southern Quebec, Canada. 

Limbs 
n % 

Agriculture 5 15.2 
Forest 10 32.3 

Tail 
n % 

18 54.5 
16 51.6 

Carapace Plastron 
n % n % 

17 51.5 7 21.2 
8 25.8 4 12.9 

We tested for significant differences in annuli growth 
between sites (site effects), within turtles (time effects), and 
within turtles between the sites (time-site effects). The 
effects of time were investigated because annuli measure­
ments were pooled from many turtles to produce a mean 
value for each year of growth, regardless of the actual age of 
a given turtle. For example, measurements of the fourth growth 
ring from 3 turtles ofages 5, 10, and 15 years were pooled. Such 
pooling of data conceals the possible influences of the environ­
mental conditions present when the growth actually occurred, 
as was outlined in Tucker et al. (1995). 

We tested for significant sexual differences in morpho­
metric parameters and mutilation rates using Student's t­

tests and x2
, respectively. The sex~al dimorphism index was 

calculated from the equation described in Lovich et al. 
(1990). Statistical significance was set at p < 0.05 for all 
analyses. 

RESULTS 

A total of 31 individuals (10 males, 10 females, and 11 
juveniles) were captured at the forest site, whereas 33 
individuals (16 males, 13 females, and 4 juveniles) were 
sampled from the agricultural population. 

Predation and Mutilation. - Turtles exposed to sub le­
thal predation, motorized vehicles, or cattle showed various 
degrees of mutilation. Mutilated turtles represented 72.7% 
of turtles sampled from the agricultural population and 
71.0% from the forest site (Table 1). No differences in 
mutilation rates were detected between the sexes for either 
the agricultural (X2 = 0.566, df = 1) or forest sites (X2 =0.532, 
df = 1) (Table 1). Furthermore, there were no statistical 
differences in mutilation rates between males (X2 = 1.8, df = 
l) or females (X2 = 1.08, df = 1) when comparing the two 
populations. Approximately 50% of the juveniles from both 
sites were injured. 

Limb amputations were observed on 5 turtles from the 
agricultural site, and 10 from the forest site (Table 2). Only 
turtles at the forest site had more than one limb amputated (n 
= 4). Carapace injuries were encountered twice as often at 
the agricultural site (17 animals), than at the forest site (8 
animals) (Table 2). Damage to the plastron was approxi­
mately twice as common at the agricultural site (7 animals) 
as atthe forest site (4 animals). Of the shell injuries recorded 
at the forest site, 6 were the result of predation and 3 the result 
of collisions. One turtle had healed injuries that could have 
belonged to either category. The agricultural site had 5 
turtles with signs of predation and 8 with trauma that clearly 
resulted from collisions. Ten turtles at the agricultural site 
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Figue 3. Age-frequency histograms for (A) Brome County agricul­
tural site and (B) Pontiac County forest site. 

had various forms of gouges, dents, and scrapes in their 
margina l scutes and underlying bone that were of undeter­
mined origin. Tail amputations were found on approxi ­
mately the same number of turtles at both sites (18 at the 
agriculture site, 16 at the forest site). The exclusion of tail 
injuries resulted in a decrease in overa ll mutilation rates to 
63.6% and 48.4% for the agricultural and forest populations, 
respectively. A total of 12.1 % (n = 4) of turtles from the 
agricultural site and 22.6 % (n = 7) from the forest site had 
no trauma other than tail amputations. 

Population Age Structures. - Age frequency distribu ­
tions for both the agricultural and forest populations are 
shown in Fig. 3. Turtles in the 0-4 year age class were absent 
from the agricultural site sample. There was a greater num­
ber of juveniles captured at the forest site. The proportion of 
juvenile turtles located in the agricultural and forest popula­
tions were 12.1 and 35.5%, respectively. 

Based strictly on counts of annuli, which never ex­
ceeded 26 at either site, the minimum average ages for the 
agricultural and forest populations were 16.7 years (n = 32) 
and 16.8 years (n = 31), respective ly. The younges t identifi­
able males were 11 (CL = 157.6 mm) and 10 years (CL= 
176.30 mm) for the forest and agricultural sites, respec ­
tively. The youngest nesting fema le at the forest site had 15 
annuli (CL= 195.4 mm). 

Growth. - Significant differences in growth of turtle 
scutes in the 10-15 and 15-20 year growth periods were 
detected between the two study sites (Table 3; Fig. 4). 
Significant differences in growth among turtles over time 
were also revealed for all but the 10-15 year growth period 
(Table 4). Differences in growth between the sites were 

Table 3. Repeated measures univariate analysis of variance for site 
effects, between turtle costal annulus growth, in two populations of 
wood turtles in southern Quebec, Canada. MS is mean square value. 
Statistically significant difference (p < 0.05) indicated by (*). 

Year Class n df MS F p>F 

1-5 24 1 0.077 0.08 0.7737 
5-10 24 1 2.288 3.20 0.0875 
10-15 20 1 9.017 14.02 0.0013* 
15-20 14 1 3.751 5.43 0.0381* 

Table 4. Repeated measures univariate analysis of variance for the 
effects of time on costal annulus growth, within turtles from two 
populations of Clemmys insculpta, in southern Quebec, Canada. 
MS is the mean square value, H-F is the probability of the Huynh -
Feldt adjusted F-tests. Statistically significant difference (p < 0.05) 
indicated by (*). 

Year Class df MS F p>F H-F 

1-5 4 3.130 11.79 0.0001 0.0001 * 
5- 10 5 0.651 3.39 0.0069 0.0069* 
10-15 5 0.399 2.24 0.0561 0.0561 
15-20 5 1.458 10.07 0.0001 0.0001* 

Table 5. Repeated measures univariate analysis of variance forthe 
effects of time on costal annulus growth, between two populations 
of Clemmys insculpta, in southern Quebec, Canada. MS is the mean 
square value, H-F is the probability of the Huynh-Feldt adjusted F­
tests. No significant differences. 

Year Class df MS F p>F H-F 

1-5 4 0.288 1.08 0.3691 0.3633 
5-10 5 0.306 1.59 0.1674 0.1674 
10-15 5 0.218 1.22 0.3034 0.3034 
15-20 5 0.137 0.95 0.4576 0.4249 

Table 6. Repeated measures univariate analysis of variance for site 
effects, between adult female wood turtle costal annulus growth, in 
two populations in southern Quebec, Canada. MS is mean square 
value. Statistically significant difference (p < 0.05) indicated by(*). 

Year Class n df MS F p>F 

1-5 12 1 1.218 0.96 0.3494 
5-10 12 1 0.761 1.88 0.2000 
10-15 12 1 6.242 22.00 0.0009* 
15-20 4 1 0.901 4.16 0.1783 

Table 7. Repeated measures univariate analysis of variance for site 
effects, between adult male wood turtle costal annulus growth, in 
two populations in southern Quebec, Canada. MS is mean square 
value. Statistically significant difference (p < 0.05) indicated by(*). 

Year Class n df MS F p>F 

1-5 
5-10 
10-15 
15-20 

12 
12 
10 
10 

0.504 
1.605 
2.948 
2.860 

0.97 
1.70 
8.15 
3.43 

0.3480 
0.2217 
0.0213* 
0.1010 

found to be consistent from one year to the next (Table 5). 
Significant differences in annuli widths were only detected 
for the 10-15 year growth period when females from the two 
sites were compared (Table 6; Fig. 5). The same was true of 
male growth rates (Table 7; Fig. 6). 

Adult males from the forest site were significantly 
larger than those from the agricultura l site (Table 8). Fe­
males from the forest site were significantly larger for all 
measurements recorded (Table 9). In addition, significant 
differences in maximum carapace lengths (t = -4.34, df = 25) 
and widths (t = -3.89, df = 25), as well as masses (t = -2.59, 
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Figure 4. Mean growth of the anterior right costal scute from two 
populations of wood turtles in southern Quebec, Canada . 

df = 25) were observed between the sexes for the agricultural 
population. However, no significant morphometric differ­
ences were detected between the sexes for the forest site. The 
sexual dimorphism index for both populations was -1.07. 

Overall decreases in mean annual growth were ob­
served to begin at age 12 for females at the agricultural site 
and at age 13 in those inhabiting the forest site. Similar 
decreases were recorded for males at both sites during their 
twelfth year of growth. 

DISCUSSION 

Predation and Mutilation. - To date, circumstantial 
evidence suggests that wood turtle limb amputations occur 
as a result of predation by raccoons (Harding and Bloomer , 
1979; Harding, 1985b; Farrell and Graham, 1991 ). Congdon 
et al. (1993) have suggested that recent declines in the fur 
trade have allowed turtle predators to greatly increase their 
numbers . Others have found that raccoon numbers have 
increased in agricultural areas, particularly where corn is 
grown (Rivest and Bergeron, 1981). The injuries sustained 
by C. insculpta at our sites revealed interpopulational differ -
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Figure 5. Mean growth of the anterior right costal scute of adult 
female wood turtles from two populations in southern Quebec, 
Canada. 

ences. As we have no evidence to suggest commercial 
collecting of undamaged specimens at either site, we as­
sumed that the differences observed were real, and not just 
artifacts of selective poaching. We suspect that the relative 
abundance and/or density of predatory species accounts for 
the higher limb mutilation rates at the forest site. One factor 
which may have a significant impact on predator abundance 
and density is hunting pressure. Raccoons and fox can only 
be taken by one licensed trapper on the government land 
portion of the forest site, whereas they can be legally hunted 
(without bag limit) at the agricultural site. In addition , 
Yahner (1996) documented a reduction in predator abun­
dance as a result of increased fragmentation of forest habi­
tats. At the agricultural site, the highly fragmented forest, 
absence of corn fields, and the greater hunting pressure may 
have led to a reduction in the number of predator species and 
densities. We cannot, however, reject the possibility that the 
differences observed in limb amputation rates were the 
result of a few individual predators which were particularly 
efficient hunters (Butler and Sowell, 1996). Predator effi­
ciency may explain the removal of more than one limb from 
turtles at the forest site, although IT1Ultiple amputations could 
just as likely occur as a result of greater predator density. 

Some turtles at the forest site may have had their limbs 
severed in beaver traps, as was suggested by Harding and 
Bloomer (1979). Although an unlikely event, several re­
searchers have, in fact, documented the capture of turtles in 
muskrat traps (Lagler, 1943; Meeks and Ultsch, 1990). In 
addition, wood turtles have been observed by Bloomer ( 1978) 
to hibernate in large numbers (n = 70) in a pond created by a 
beaver dam. Another possibility is that beavers (Harding, 
1985b) and/or muskrats (Johnson, 1925) gnaw at wood turtles, 
which are known to use theirunderwater burrows and runways 
as hibemacula (Bishop and Schoonmacher, 1921; Bloomer, 
1978; Harding and Bloomer, 1979; Ernst, 1986). 

Although shell injuries attributed to predators were 
observed to occur at similar frequencies at both sites, turtles 
at the agricultural site had 2.7 times more shell mutilations 
caused by human activity. We were unable to distinguish 
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Figure 6. Mean growth of the anterior right costal scute of adult 
male wood turtles from two populations in southern Quebec , 
Canada. 
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Table 8. Measurements of adult male wood turtles from agricultural and forested habitats in Brome and Pontiac counties, Quebec, Canada. 
Values are given as mean± standard deviation . 

n Carapace Length (mm) Carapace Width (mm) Plastron Length (mm) Mass (g) 

Agriculture 
Forest 

15 
9 

193.87 ± 8.97* 
215.61 ± 22.34 

143.72 ± 6.83 
149.91 ± 14.56 

174.71 ± 6.82** 
194.87 ± 16.99 

1008.0 ± 146.60 
1219.4 ± 361.37 

* Significant difference between sites , t = -2.19, df = 9.6 
** Significant difference between sites, t = -3.40, df = 9.6 

Table 9, Measurements of adult female wood turtles from agricultural and forested habitats in Brome and Pontiac counties, Quebec, 
Canada. Values are given as mean± standard deviation. 

n Carapace Length (mm) Carapace Width (mm) Plastron Length (mm) Mass (g) 

Agriculture 
Forest 

12 
10 

181.03 ± 5.51 * 
200.52 ± 11.63 

134.54 ± 5.00** 
145.87 ± 5.14 

171.14 ± 5.81*** 
196.12 ± 7.85 

881.7 ± 92.91 **** 
1060.5 ± 127.38 

* Significant difference between sites, t = -4 .86, df = 12.3 
** Significant difference between sites, t = -5.23, df = 20 
*** Significant difference between sites, t = -8.57, df = 20 
**** Significant difference between sites, t = -3 .80, df = 20 

between injuries caused by passenger vehicles and those of 
agricultural machinery or cattle. Consequently, the relative 
impact of agricultural machinery and cattle cannot be iden­
tified, but agricultural development either directly (i.e., 
machinery or cattle) or indirectly (i.e., passenger vehicles) 
resulted in an increase in the number of injured turtles. 

Population Age Structures. - Several studies have 
documented population age structures for wood turtles (Farrell 
and Graham, 1991; Ross et al., 1991; Brooks et al., 1992; 
Garber and Burger , 1995). The interpretation of such age­
frequency histograms is speculative at best, due to their inher­
ently descriptive nature. Some noteworthy differences be­
tween our populations should, however, be mentioned. A 
comparison between our age-frequency histograms suggests a 
lower rate of recruitment into the 0--4 year age class at the 
agricultural site. Our results also indicate that 23% fewer juveniles 
were captured at the agricultural site than at the forest site. 

A number of theories have been put forward to explain 
the relative absence of juveniles in samples of many chelo ­
nian species (Ross et al., 1991; Pappa s and Brecke , 1992; 
Congdon et al., 1992, 1993; Herman et al., 1994; Kaufmann, 
1995). These are: 1) failure to search or trap habitats fre­
quented by juveniles; 2) secretive behavior of juve nile s; 3) 
researcher search image; 4) lack of susceptibility of juve­
niles to trapping; 5) decreased survivorship of nests; and 6) 
a combination of high juvenile and low adult mortality. 
Future research should make use of drift fences (Stone et al., 
1993), fluorescent pigments (Butler and Graham, 1993), 
radiotelemetry (Brew ster and Brewster , 1991), and/or dogs 
(Plummer, 1979) to uncover the fate, or refugia, of juvenile 
wood turtles in agricultural habitats. 

Growth and Body Size. - Significant differences in 
growth rates and body sizes were detected between our sites. 
Brooks et al. (1992) also reported interpopulation differ ­
ences in body sizes between wood turtles. Several hypoth­
eses to explain latitudinal variations in body size have been 
proposed . For instance, larger body size may reduce the 
metabolic costs per unit weight during reproductive years, 

thereby lowering the risk of mortality during hibernation due 
to energy depletion (Galbraith et al., 1989; Brooks et al., 
1992). Female wood turtles from our more northerly forest 
population had higher growth rates bet~een the ages of 10 
and 20 years than did those from the agricultural site 100 km 
to the southeast, and were also significantly larger for all 
body size measurements recorded. Graham and Forsberg 
(1991) presented evidence that supported the theory that 
large body size reduces metabolic costs. These authors 
found that subadult wood turtles had oxygen demands (µl 0 2 

g-1h-1) two to three times greater during hibernation than 
those of adults twice their size. Ultsch et al. ( 1985) found that 
the only adaptation required by Chrysemys picta bellii to 
endure longer winters than C. p. dorsalis was a lower 
metabolic rate and/or an increased ability to eliminate lactate 
buildup. The larger size of C. p. bellii (St. Clair et al., 1994) 
may therefore allow it to reduce metabolic costs. Northern 
populations of wood turtles may experience selective pres­
sures to reach larger sizes for the same reason. Moreover, 
Brenner (1970) found a direct correlation between depletion 
of fat bodies and ovarian development. Specifically, ovarian 
fat increased even as the fat content of the liver, heart , and 
skeletal muscles decreased during a prolonged period of 
starvation. If starving adult female turtles continued to divert 
energy to the development of ovarian follicles in late sum­
mer and fall (Powell, 1967), then egg production could 
decrease the fat stores available during long northern winters 
sufficiently to cause mortality. 

Harding (1985b) found that most limb injuries sus­
tained by wood turtles occurred after they had reached 
sexual maturity (CL= 160 mm). He also documented that 
turtles with intact limbs survived significantly longer than 
those with one or more missing limbs. The higher frequency 
oflimb loss observed in adults may also simply be a function 
of exposure time , as adults can reach the age of at least 33 
years in the wild (Ross et al., 1991) . 

We propose that the mutilations inflicted on turtles at 
our two sites may have altered the growth rates of individu -
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als. Congdon et al. (1983) and McLeod (1994) documented 
that the injuries sustained by individual turtles impeded 
growth. Limb loss may reduce mobility and thus reduce 
foraging efficiency and shell damage may directly inhibit or 
restrict shell growth. We are, however, unaware of any 
studies which have adequately addressed the impact of 
different injuries on growth rates. Our interpopulation dif­
ferences in growth rates may have resulted from the type or 
severity of injuries received. 

Larger body mass in C. insculpta may also confer a 
thermoregulatory advantage (Brooks et al., 1992). Females 
at our forest site had significantly greater masses than those to 
the south, whereas males did not differ significantly in mass 
between the sites. Female C. insculpta are known to bask more 
frequently prior to their June nesting season than males (Ernst, 
1986). Perhaps the increase in mass in northern female wood 
turtles optimizes thermoregulation and egg development. 

Regardless of why a turtle might need to achieve a larger 
body size, there are only a limited number of ways to 
increase growth rates. These include changes in diet, tem­
perature , and metabolism (Gibbons, 1970; Parmenter 1980, 
1981; A very et al., 1993). Thornhill (1982), however , did not 
find significant size differences between turtles in artifi­
cially heated lakes and those in unheated lakes. Enhanced 
juvenile growth rates have been documented for turtles with 
high levels of animal protein in their diet (Gibbons, 1967; 
Moll, 1976; Graham and Doyle, 1977; Thornhill, 1982; 
MacCulloch and Secoy, 1983; Kennett, 1996; Lindeman, 
1996). The fact that we detected no significant differences in 
annuli widths during the first decade of growth in our two 
populations implies that either juveniles obtained similar 
amounts of food of similar nutritional levels or that one 
population consumed more food of a lesser nutritional value. 

Owen and Galbraith ( 1989) found that mean earthworm 
biomass in Maine was considerably greater in previously 
farmed land (29 .1 g/m2

) than in forests which had never been 
farmed (0.92 g/m2

). High biomass was attributed to the 
introduction of European worms during the 17th century and 
early agricultural practices that increased organic matter and 
moisture retention while reducing soil acidity. Earthworms 
may be an important component of a wood turtle 's diet, as 
witnessed by their specialized foraging behavior known as 
"stomping" (Zeiller, 1969; Kaufmann, 1986; Kaufmann et 
al., 1989). Pastures and hay fields are also known to provide 
an abundance of arthropods (Basore et al., 1987). Conse­
quently, agricultural disturbances may improve foraging 
and diet of juvenile wood turtles. 

In contrast, several authors have noted that biodiversity 
may be decreased in agricultural areas devoted to monocul ­
ture or pasture (Holechek et al., 1982; Odum, 1994; Sietman 
et al., 1994). Fragmented ecosystems undergo large changes 
in their physical environment which are particularly pro­
nounced in edge habitats (Saunders et al., 1991). These 
changes include an increased flux in radiation due to the 
removal of natural vegetation cover, which results in in­
creased soil temperatures that promote desiccation. Desic ­
cation can, in turn, reduce foraging opportunities as a result 

of changes in plant growth and invertebrate numbers 
(Saunders et al., 1991). These changes could, therefore , lead 
to fewer suitable prey for adult wood turtles. Should this be 
the case, the adult turtles would then have an increased 
reliance on plant matter to meet their energy requirements, 
as has been documented for Chrysemys picta (Gibbons, 
1967; Zug, 1993). Consequently, these adult turtles would 
have lower growth rates and be smaller than their same-age 
counterparts at the forest site. Future research should at­
tempt to quantify differences in wood turtle diets in natural 
versus agricultural habitats. 

In conclusion, several important differences were de­
tected between agricultural and forested populations of 
wood turtles. Turtles which inhabited the agricultural area 
had significantly lower growth rates between years 10 and 
20 than those from the forest site. Females at the forest site 
were significantly larger for all measurements recorded. 
Males, however, differed only with respect to their carapace 
and plastron lengths . Overall, 23% fewer juveniles were 
captured at the agricultural site, with juveniles in the 0--4 
year age class being absent. There were relatively fewer 
adults belonging to the 20+ age c!ass sampled at the agricul ­
tural site. Shell injuries were twice as common at the 
agricultural site when compared to the forest site, whereas limb 
amputations were twice as frequent at the forest site. Although 
shell injuries inflicted by predators occurred with similar 
frequencies at both sites, there were 2. 7 times more mutilations 
resulting from anthropogenic sources at the agricultural site. 
These differences suggest that agricultural practices may have 
a negative impact on these wood turtle populations. 
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RESUME 

Les effets du developpem ent de l' agriculture sur la 
tortue des bois (Clemmys insculpta) ont ete etudies au 
Quebec en 1994 et 1995. Les structures d' age, la croissance, 
et les taux de mutilation d'une population vivant en milieu 
agricole ont ete compares a celle d'un site dans une foret 
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non-perturbee. Dans l'ensemble, 23% moins de juveniles 
ont ete captures en milieu agricole. De plus, un nombre 
relativement inferieur d' adultes dans la classed' age 20+ ont 
ete captures. Les tortues en milieu agricole ont montre deux 
fois plus de blessures a la carapace que celles du site 
forestier. Les blessures de carapace resultant d'actions 
humaines ont ete 2. 7 fois superieures chez les tortues du site 
agricole. Par contre, le nombre de tortue manquant un 
membre a ete deux fois plus eleve en foret. Des tortues 
manquant plus qu'un membre ont seulement ete trouvees au 
site forestier. Des moulages d'anneaux de croissance des 
plaques costales ont revele que les tortues du site agricole 
avaient des taux de croissance significativement inferieures 
durant la seconde decenie de leur vie. Chez les femelles du site 
forestier, toutes les mesures enregistrees ont ete 
significativement superieures, tandis que chez les males elles 
ont ete differentes seulement pour la longueur de la carapace 
et du plastron. Les perturbations agricoles pourraient etre une 
des causes principales de l' augmentation de la mortalite des 
adultes et de la diminution de la croissance, du recrutement, et 
des taux de predation chez ces populations de C. insculpta. 
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