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Growth and Morphometrics of the Box Turtle, 
Terrapene c. carolina 
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ABSTRACT. - Growth of box turtles (Terrapene c. carolina) in a bottomland forest in Maryland was studied 
over a period of years (1944-1981). A bivariate analysis of age related growth showed that between 8 and 
13 yr, male turtles grew at an average rate of 6.7% per yr in carapace length, whereas females grew at 5.3% 
per yr. Both males and females grew considerably more slowly between 14 and 19 yr, males at 2.3% per 
yr and females at 3.4% per yr. Growth slowed still more in the twenties. Growth in the six other dimensions 
that were measured provided additional comparisons. Allometric analysis of the different carapace and 
plastron dimensions showed that among males length increased proportionally more than either width 
or height and that width increased more than height. Among females, only the greater increase of length 
than of width was statistically significant. Fully grown males were larger than females in all dimensions 
except height. Differences from the normal scutal pattern occurred in 16.8% of fully grown males and 
18.4% of the females. 

Growth and morphometrics of box turtles 
have been the subject of few studies. Nichols 
(1939) reported observations of Terrapene c. car- 
olina on Long Island, New York from 1915 
through 1917, employing measurements of 
plastron length. A comprehensive ecological 
study of T. o. ornata included analysis of growth 
and size (Legler, 1960). Further data on growth 
of this species were given by Blair (1976). Brown 
(1971) provided the first statistical treatment of 
size and sexual dimorphism of T. coahuila, the 
only aquatic species in the genus. A population 
of T. c. carolina in the bottomland forest of the 
Patuxent Wildlife Research Center in Maryland 
was the subject of ecological studies for more 
than 30 yr (Stickel, 1950, 1978, 1988). The por- 
tions of this study concerned with age related 
growth, allometry, morphometrics, and scutel- 
lation are included here. 

MATERIALS AND METHODS 

Box turtles in the bottomland forest of the 
Patuxent River in Maryland were studied from 
1944 to 1981, most intensively in 1945, 1955, 
1965, and 1975. During this period, 687 turtles 
were captured in an 11.8 ha study area; some 
also were captured in surrounding areas, for a 
total of 8304 captures. Turtles were located by 
systematic search and were released at the site 
of capture after measurements, scutal varia- 
tions, and eye color were recorded (Stickel, 
1950). Turtles were marked for individual rec- 
ognition by filing notches in the marginal scutes 
(Cagle, 1939). Growing turtles were aged by 

1 Present Address: 174 Shepherd Creek Road, 
Franklin, North Carolina 28734, USA. 

counting the growth annuli. All counts, as well 
as the measurements, are those of the senior 
author. Procedures were those recommended 
by Ewing (1939), whose studies of T. c. carolina 
by casts and cross sections defined the pattern 
of scutal growth and demonstrated the annual 
formation of growth rings. He also described 
the pseudoannual growth rings that occur be- 
tween the annual rings and their differences 
from the annual rings. Early growth zones ex- 
ceed the others in width, but as a turtle ap- 
proaches maturity the growth zones become so 
narrow that they cannot be successfully iden- 
tified. Growth of epidermal laminae of T. o. or- 
nata was studied in depth by Legler (1960), with 
similar conclusions: "Major growth rings con- 
stitute a valuable and accurate history of growth. 
... They are accurate indicators of age only as 

long as regular growth continues.... Minor 
growth rings, if properly interpreted, provide 
additional information on growing conditions 
in the course of each growing season." In the 
present study, annuli were counted on the sec- 
ond right costal, excluding the central portion 
of the shield that is present at hatching. Anal- 
ysis of growth employed records from turtles 
with 13 or fewer annuli at first capture; initial 
age was calculated as the number of growth 
annuli adjusted to the time of year, based on an 
active year of 184 days from 1 May to 1 October. 
Comparisons between the number of annuli 
added between the first and second captures 
(when the time lapse was 1 yr or more) and the 
number predicted on the basis of elapsed time 
and hibernation periods showed that they usu- 
ally corresponded to each other within a year. 
This was true for 19 of 24 males; 11 were iden- 
tical, 2 were one too high and 6 were one too 
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low. It was true for 19 of 28 females; 10 were 
identical, 5 were one too high and 4 were one 
too low. The maximum differences were three 
too high or too low. The time between readings 
varied from 1 to 8 yr, with a median of 3 yr. 

Fully grown turtles were identified as those 
for whom repeated measurements showed no 
increase in carapace length, plus a few others 
that had not been measured frequently but 
whose carapaces were smooth, a condition ob- 
served only in mature turtles well beyond 40 
yr (Stickel, 1978). 

Age related growth was examined by bivar- 
iate linear analysis, with separate analyses of 
different parts of the growth curve, utilizing 
the most nearly linear segments (Brody, 1945). 
The segments used in analysis were selected on 
the basis of preliminary analysis of relation- 
ships between age and carapace length. Even 
though growth followed a curvilinear pattern, 
as shown in Figs. 1 and 2, curvilinear analysis 
as discussed by Andrews (1982) could not be 
employed, because it is considered unacceptable 
statistically for such analyses to include differ- 
ent numbers of observations of different indi- 
viduals. The data provided too few independent 
measurements (one per individual) to depict 
the complete growth curve. Neither were there 
enough individuals with records throughout the 
growing period to permit an analysis of growth 
of a smaller group. Frequencies of capture and 
times between capture also varied greatly, fur- 
ther restricting analysis. In all, 28 males were 
measured 1-13 times each (median 5) over a 
span of 32 yr (median 10 yr). Initial measure- 
ments were made at ages 4-13 yr (median 9-10 
yr) and final measurements at 11-43 yr (median 
20-21 yr). Thirty females were measured 1-12 
times each (median 5) over a time span of 31 yr 
(median 11-12 yr). Initial measurements were 
made at ages 3-12 yr (median 9-10 yr) and final 
measurements at 6-42 yr (median 22-23 yr). 
Forty individuals of undetermined sex were 
measured, only seven of them more than once, 
and these within less than 2 yr. Ages at first 
measurements were 2-7 yr. These individuals 
were not captured at ages when sex could be 
determined. In the analysis of age related 
growth, age in yr was taken as the independent 
variable and the natural log of the measure- 
ments in mm as the dependent variable. The 
values calculated for slope (b) of the regression 
line, therefore, were instantaneous growth rates, 
which could be expressed as percent per yr. 
Growth rates were measured for carapace length, 
carapace width at hinge, greatest posterior car- 
apace width, anterior plastron length, posterior 
plastron length, greatest posterior plastron 
width, and maximum height. Measurements 
were taken to the nearest 0.25 mm with a ver- 

TABLE 1. Shell measurements (mm) of fully grown 
turtles. 

Males (N = 170) Females (N = 182) Dimen- 
sion1 Mean SD Range Mean SD Range 

CL 140.8 7.4 122-159 131.4 6.5 115-152 
CWH 98.4 4.6 85-108 95.5 4.6 83-110 
CWP 109.2 5.7 91-122 102.9 4.7 86-119 
PLA 54.4 3.0 46-61 51.8 2.6 45-59 
PLP 77.8 3.8 65-88 76.6 3.8 68-86 
PW 84.7 4.4 74-96 81.8 3.5 71-90 
H 62.6 3.3 54-71 65.3 2.9 57-71 

1 CL = carapace length; CWH = carapace width at hinge; 
CWP = greatest posterior carapace width; PLA = anterior 
plastron length; PLP= posterior plastron length; PW 
= greatest posterior plastron width; H = maximum height. 

nier caliper and were rounded to the nearest 
whole mm for analysis. Growth rates were ex- 
amined within the following age groups: 4-7 
yr (3.5-7.4), 8-13 yr (7.5-13.4), and 14-19 yr 
(13.5-19.4). Data used in each age group were 
restricted to one record for each individual. The 
record to be included was chosen at random, 
with the limitation of obtaining approximately 
equal numbers in each year. The 8-13 yr group 
of males included 26 individuals, and 20 of these 
constituted the 14-19 yr group. The 8-13 yr 
group of females included 30 individuals, and 
20 of these constituted the 14-19 yr group. The 
4-7 yr group of individuals of both sexes, with 
sex not known for most of them, included 50 
individuals. 

Allometry was examined by bivariate linear 
analysis, following the methods and interpre- 
tations of Mosimann (1958) that showed how 
changes in the shape of the chelonian shell are 
produced by changes in relative size of different 
dimensions. In the present study, carapace 
length was taken as the independent variable 
when it was included in a comparison and the 
posterior carapace width was used in other com- 
parisons. Arithmetic measurements (mm) were 
used. Significance levels for slopes and inter- 
cepts were determined by t-tests. Intercepts sig- 
nificantly different from zero indicated differ- 
ential growth of the dimensions involved (the 
appropriate test for use with non transformed 
data, as shown by Mosimann). 

RESULTS 

Dimensions of Fully Grown Adults.-Male tur- 
tles were larger than females in all dimensions 
except height (Table 1). They averaged 7.2% 
greater in carapace length, 6.1% greater in pos- 
terior carapace width, 5.0% greater in anterior 
plastron length, and 4.1% smaller in height. 
Males reached a maximum of 159 mm in cara- 
pace length, females 152 mm. 

Age Related Growth.-Turtles 4-7 yr grew at 
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TABLE 2. Age-related growth of immature turtles: 4-7 yr. Dimension symbols as in Table 1. Slopes all 

significantly (P < 0.01) different from zero except PW (P < 0.05). Intercepts all significantly (P < 0.01) different 
from zero. 

Linear relation: 
y = ax + b Statistical parameters x = age in yr 

Dimension y = log(mm) R2 N x Y sx s, 

CL y = 4.126 + 0.055x 0.26 50 5.6 4.436 1.116 0.121 0.069 
CWH y = 3.953 + 0.038x 0.19 50 5.6 4.167 1.116 0.097 0.047 
CWP y = 3.971 + 0.043x 0.23 50 5.6 4.212 1.116 0.101 0.053 
PLA y = 3.206 + 0.056x 0.25 48 5.6 3.519 1.110 0.125 0.069 
PLP y = 3.548 + 0.059x 0.29 48 5.6 3.877 1.110 0.122 0.072 
PW y = 3.738 + 0.035x 0.10 49 5.6 3.936 1.121 0.126 0.044 
H y = 3.461 + 0.044x 0.15 50 5.6 3.708 1.116 0.126 0.055 

rates generally similar to those of 8-13 yr, male 
or female (slopes of regression lines were not 
significantly different: P > 0.05). Because the 
4-7 yr group contained both males and females, 
however, the comparison is approximate (Ta- 
bles 2, 3). Shell expansion after hatching, plus 
growth during the first few years, apparently 
resulted in a considerably greater rate of in- 
crease, approximately 22.8% per yr, assuming 
mean length at hatching to be 31.0 mm in the 
Washington, D.C. area (Allard, 1948). In the 
present study, five turtles in a single clutch that 
hatched September 20, 1960, measured 30.25- 
32.00 mm carapace length, with a mean of 31.15 
mm. 

Male turtles 8-13 yr grew at an average rate 
of 6.7% per yr in carapace length and at 5.9- 
7.0% per yr in other dimensions, with the ex- 
ception of height, where growth was 5.1% per 
yr (Table 3). Females grew at a rate of 5.3% per 
yr in carapace length and at 4.0-5.4% per yr in 
other dimensions. Growth in height was 5.2% 

per yr. Although rates of growth of males ex- 
ceeded those of females in all dimensions ex- 
cept height, the differences in slopes of the 
regression lines were statistically significant (P 
< 0.05) only for carapace width at the hinge 
and the posterior carapace width. 

Male turtles 14-19 yr grew considerably more 
slowly in all dimensions than at 8-13 yr (slopes 
of regression lines significantly different, P < 
0.01). Growth rates at 14-19 yr were signifi- 
cantly different from zero only for the anterior 
plastron length (P < 0.05), but approached sig- 
nificance (P = 0.05) for carapace length (Table 
4). Females also grew more slowly at 14-19 yr 
than at 8-13 yr, but the differences were less 
pronounced, and were statistically significant 
(P < 0.05) only for the anterior plastron length. 

Turtles measured repeatedly over a period of 
years showed that growth followed a curvilin- 
ear pattern (Figs. 1, 2). The figures show indi- 
viduals of a range of sizes, selected to include 
the extremes; they do not depict the proportions 

TABLE 3. Age-related growth of turtles: 8-13 yr. D = Dimension; other symbols as in Table 1. Slopes and 

intercepts all significantly (P < 0.01) different from zero. Slopes for males and females differed significantly 
(P < 0.05) from each other only for CWH and intercepts only for CWP. 

Linear relation: 
y = ax 4+ b Statistical parameters x = age in yr 

D Sex y = log(mm) R2 N x Y sx sy s, 

CL M y = 3.973 + 0.067x 0.70 26 10.4 4.675 1.740 0.139 0.203 
F y = 4.097 + 0.053x 0.56 30 10.6 4.657 1.625 0.116 0.140 

CWH M y = 3.734 + 0.061x 0.72 25 10.6 4.380 1.685 0.121 0.174 
F y = 3.939 + 0.040x 0.53 30 10.6 4.359 1.625 0.089 0.105 

CWP M y = 3.830 + 0.059x 0.63 25 10.6 4.457 1.685 0.126 0.168 
F y = 3.910 + 0.048x 0.54 30 10.6 4.415 1.625 0.106 0.126 

PLA M y = 3.014 + 0.070x 0.73 25 10.5 3.752 1.760 0.145 0.218 
F y = 3.167 + 0.054x 0.65 29 10.5 3.731 1.648 0.110 0.146 

PLP M y = 3.425 + 0.065x 0.70 25 10.5 4.105 1.760 0.137 0.201 
F y = 3.521 + 0.054x 0.59 29 10.5 4.093 1.648 0.116 0.147 

PW M y = 3.503 + 0.066x 0.68 26 10.4 4.190 1.740 0.138 0.199 
F y = 3.619 + 0.052x 0.64 30 10.6 4.166 1.625 0.106 0.137 

H M y = 3.393 + 0.051x 0.58 26 10.4 3.923 1.740 0.116 0.154 
F y = 3.375 + 0.052x 0.56 30 10.6 3.924 1.625 0.113 0.137 
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TABLE 4. Age-related growth of turtles: 14-19 yr. D = Dimension; other symbols as in Table 1. For females, 
slopes and intercepts all significantly (P < 0.01) different from zero. For males, slope of PLA significant 
(P < 0.05), slope of CL approached significance (P = 0.05); all intercepts significant (P < 0.01). Slopes for males 
and females differed significantly (P < 0.05) from each other only for H. 

Linear relation: 
y = ax + b Statistical parameters x = age in yr 

D Sex y = log(mm) R2 N x sx sy sxy 

CL M y = 4.493 + 0.023x 0.19 20 16.5 4.865 1.667 0.086 0.063 
F y = 4.280 + 0.034x 0.62 20 16.6 4.839 1.723 0.074 0.100 

CWH M y = 4.303 + 0.014x 0.10 19 16.4 4.525 1.623 0.070 0.036 
F y = 4.015 + 0.030x 0.65 20 16.6 4.506 1.723 0.063 0.088 

CWP M y = 4.340 + 0.018x 0.15 19 16.4 4.628 1.623 0.073 0.046 
F y = 4.002 + 0.035x 0.64 20 16.6 4.583 1.723 0.075 0.104 

PLA M y = 3.571 + 0.021x 0.20 20 16.5 3.924 1.667 0.079 0.059 
F y = 3.420 + 0.029x 0.55 20 16.6 3.906 1.723 0.068 0.087 

PLP M y = 4.073 + 0.013x 0.08 20 16.5 4.283 1.667 0.077 0.035 
F y = 3.698 + 0.035x 0.62 20 16.6 4.284 1.723 0.077 0.105 

PW M y = 4.094 + 0.016x 0.13 20 16.5 4.362 1.667 0.076 0.045 
F y = 3.815 + 0.032x 0.59 20 16.6 4.342 1.723 0.071 0.094 

H M y = 4.017 + 0.004x 0.01 20 16.5 4.085 1.667 0.066 0.011 
F y = 3.551 + 0.033x 0.50 20 16.6 4.106 1.723 0.081 0.099 
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FIG. 1. Growth of eight males measured repeatedly over a period of years. 
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FIG. 2. Growth of nine females meas 

of individuals of different sizes. Growth in the 
more linear segments (8-13 yr and 14-19 yr) 
was similar to that depicted in the statistical 
data of Tables 2-4, which restricted records to 
one for each individual within an age group. 

Turtles did not continue to grow indefinitely; 
identical measurements of carapace length of 
many individual turtles were obtained many 
times over decades. The age when growth ceased 
was known for only four female turtles, all aged 
when they were 13 yr or younger and with 
records extending to 38-43 yr. Of these, one did 
not grow beyond 18 yr and three grew only 1 
mm beyond 17, 18, and 22 yr. In addition, 24 
males and 7 females grew 2-8 mm beyond the 
age of 20 yr and one female grew 23 mm. Of 
these, three males grew after a minimum age 
of 25 yr. 

A few records for both males and females 
showed no growth for a period of a yr or more 
and then the addition of a few mm in subse- 
quent yrs (Figs. 1, 2), but these appear to reflect 
the very slow growth of some turtles in their 
late teens and beyond rather than actual growth 
stoppage and resumption. The data provided 

16 18 20 22 24 26 
.E - YEARS 
tured repeatedly over a period of years. 

only two examples of the latter: (1) a female 
measured 124 mm in carapace length at 17.6, 
18.2, and 19.1 yr, but had reached 133 mm by 
23.8 yr; and (2) a female measured 78 mm in 
carapace length at 4.7 yr and 79 mm at 5.8 yr, 
but had reached 138 mm by 24.4 yr. 

The age of acquisition of the typical pink or 
red eye color of the mature male, and some 
aspects of the change, were observed in four 
turtles: (1) No. 876 had the typical dark eyes of 
the juvenile at 10.9 yr and a carapace length 
(CL) of 102 mm; at 15.7 yr (CL 120 mm) the eye 
was tan in color; at 16.7 yr (CL 126) it was tan 
with a slight pinkish cast; at 20.3 yr the eye was 
a typical pink. (2) No. 874 had the dark eye color 
of the juvenile at 15.3 yr (CL 122); at 16.5 yr (CL 
129) the eyes had pinkish tan rims with dark 
centers, the same as at 19.7 yr (CL 141). (3) No. 
584 had the juvenile eye color at 14.9 yr (CL 
114); at 18.8 yr (CL 130) the centers of the eyes 
were red and red brown, the rims red and tan; 
the eyes were a full red when the turtle was 
captured 17 yr later. (4) No. 1008 had juvenile 
eye color at 14.1 yr (CL 118 mm); at 17.5 yr (CL 
132 mm), the eyes had a brownish pink and 

220 

http://www.jstor.org/page/info/about/policies/terms.jsp


GROWTH OF TERRAPENE 

TABLE 5. Allometry of male turtles. Symbols as in Table 1. For males, slope was significantly (P < 0.01) 
different from zero in all except PLA vs. H at 14-19 yr, where it was P < 0.05. 

Significance levels (P) (ns = P > 0.05) 

Male Male vs. female 
Variables related: Linear relation: 

x vs. y Age y = ax + b (in mm) Intercept Slope Intercept 

CL vs. CWH 8-13 yr y = 9.63 + 0.65x <0.05 <0.05 
14-19 yr y = 28.25 + 0.49x <0.01 ns ns 

CL vs. H 8-13 yr y = 12.42 + 0.36x <0.01 ns ns 
14-19 yr y = 30.00 + 0.23x <0.01 <0.01 

CL vs. PLA 8-13 yr y = 1.09 + 0.39x ns ns ns 
14-19 yr y = 10.33 + 0.31x ns ns ns 

CL vs. PLP 8-13 yr y = 3.66 + 0.53x ns ns ns 
14-19 yr y = 13.50 + 0.45x <0.05 ns <0.05 

PLA vs. PLP 8-13 yr y = 7.54 + 1.25x ns ns ns 
14-19 yr y = 17.58 + 1.09x ns ns ns 

PLAvs. H 8-13 yr y = 13.84 + 0.86x <0.01 <0.05 
14-19 yr y = 31.66 + 0.55x <0.01 <0.01 

CWH vs. CWP 8-13 yr y= 0.15 + 1.08x ns ns <0.05 
14-19 yr y = 3.38 + 1.07x ns ns <0.05 

CWH vs. H 8-13 yr y = 8.35 + 0.53x <0.05 <0.05 
14-19 yr y = 23.70 + 0.39x <0.05 ns <0.05 

pink mottling and suffusion on tan. All four of 
these turtles continued to grow after the eye 
color change. Four other males retained juve- 
nile eye color at 15.4 (two individuals), 15.7, 
and 17.2 yr and later had acquired adult color, 
but were not observed during the transition 
period. 

Scutellation.-Differences from the normal 
scutal pattern occurred in 16.8% of the 143 fully 
grown males and 18.4% of the 152 fully grown 
females for whom suitable records were avail- 
able. The differences included: (1) marginals 13 
on one or both sides; (2) marginals 11 on one 
or both sides; (3) costals increased in number 
or with other irregularities or sutures, or both; 
(4) vertebrals increased in number or with an- 
terior-posterior suturing or other irregularities, 
or both; (5) plastral scutes with irregularities or 
asymmetry. Other minor irregularities such as 
reduced size of scutes, small intercalated scutes, 
and elevations or depressions on individual 
scutes were excluded from the tabulations. Some 
individuals (11 males, 5 females) exhibited more 
than one type of irregularity. In summary, as 
described above: (1) 9 males, 9 females); (2) 3 
males, 5 females; (3) 10 males, 10 females; (4) 9 
males, 4 females; (5) 8 males, 3 females. In ad- 
dition, one female had two pronounced humps, 
one on each side; one had an anterior carapace 
bulge; and two lacked nuchals. 

Allometry.-The changes in relative size of 
different dimensions, which produced sexually 
dimorphic adults (Table 1) are shown in Tables 
5 and 6. These differences are indicated by in- 
tercepts significantly different from zero (Mosi- 
mann, 1958). Equations in the tables show the 
proportional relationships of the two dimen- 

sions. Significant intercepts show that these re- 
lationships changed as size increased. 

Among males (Table 5), shell shape changed 
as length increased proportionally more than 
either width or height and as width increased 
more than height. Among females (Table 6), 
only the greater increase of length than of width 
was statistically significant. 

Proportional changes in dimensions contin- 
ued to develop in both the 8-13 and 14-19 yr 
groups, as shown by significant differences in 
both slopes and intercepts (Table 5). 

DISCUSSION 

Morphometric analysis of adults in the T. c. 
carolina population was made possible by suc- 
cessive measurements over time, thereby iden- 
tifying turtles whose growth was complete. 
Comparisons with turtles in populations in 
which growing and non growing turtles could 
not be fully separated will be approximate. The 
turtles in the Long Island population studied 
by Nichols (1939), however, appeared to be very 
similar in size to those in the Maryland popu- 
lation of the present study, judging by the max- 
imum sizes and the sizes in the most numerous 
group. 

Males were larger than females in all dimen- 
sions except height and also grew more rapidly. 
Growth began to slow near 14 yr, and change 
to the typical red eye color of maturity began 
near the same time. Growth of females slowed 
somewhat later, and growth of both sexes con- 
tinued into the twenties. 

In contrast, turtles of the more western species 
(T. ornata), which live in drier and more open 
areas, are somewhat smaller than T. carolina 
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TABLE 6. Allometry of female turtles. Symbols as in Table 1. Slopes all significantly (P < 0.01) different 
from zero. 

Significance levels (P) 
Variables related: Linear relation: (ns = P > 0.05) 

x vs. y Age y = a + bx (in mm) female intercept 

CL vs. CWH 8-13 yr y = 21.82 + 0.53x <0.01 
14-19 yr y = 20.20 + 0.56x <0.05 

CL vs. H 8-13 yr y = 4.17 + 0.44x ns 
14-19 yr y = 0.87 + 0.47x ns 

CL vs. PLA 8-13 yr y = 4.00 + 0.36x ns 
14-19 yr y = 6.71 + 0.34x ns 

CL vs. PLP 8-13 yr y = 1.91 + 0.55x ns 
14-19 yr y = 0.24 + 0.57x ns 

PLAvs. PLP 8-13 yr y = 1.17 + 1.41x ns 
14-19 yr y = 1.01 + 1.44x ns 

PLAvs. H 8-13 yr y = 2.40 + 1.16x ns 
14-19 yr y = -0.79 + 1.24x ns 

CWH vs. CWP 8-13 yr y = -12.51 + 1.22x ns 
14-19 yr y = -5.55 + 1.14x ns 

CWH vs. H 8-13 yr y = -7.47 + 0.74x ns 
14-19 yr y = -1.75 + 0.69x ns 

(Carr, 1952), and females are larger than males 
(Legler, 1960). Males, nevertheless, grew more 
rapidly than females. T. ornata also apparently 
mature earlier and cease growth sooner than T. 
carolina. Growth slowed conspicuously at pu- 
berty, in the 8th or 9th yr for the majority of 
males and in the 10th or 11th yr for females. 
Growth almost stopped after 11 or 12 yr (males) 
and 13 yr (females); the maximum age at which 
some growth occurred was estimated to be 15- 
20 yr (females). 

The more rapid growth of male T. carolina, 
which are larger than females, fits a growth 
pattern noted by Andrews (1982) for snakes and 
lizards, but does not hold for T. ornata, in which 
males are smaller than females, but neverthe- 
less grow more rapidly. 

Among aquatic turtles, rapid early growth is 
followed by slower growth in association with 
the state of reproductive maturity, then contin- 
ues even more slowly for some time thereafter 
(for example: Cagle, 1946, 1948, Chrysemys scrip- 
ta; Gibbons, 1967, Chrysemys picta; Moll, 1976, 
Graptemys pseudogeographica; Plummer, 1977, 
Trionyx muticus; Hart, 1982, Chrysemys picta). The 
timing of the relationship, however, varies. In 
Chelydra serpentina, growth of males slowed at 
sexual maturity, but growth of females slowed 
near the beginning of follicular development 
(Christiansen and Burken, 1979). Among Kino- 
sternon subrubrum (Ernst et al., 1973) and Clemmys 
guttata (Ernst, 1975) growth slowed once ma- 
turity was reached, but was not affected by the 
attainment. 

Shell measurements of T. carolina gave no in- 
dication of shrinkage in any dimension, con- 
trary to the possibility suggested by Nichols 
(1939) for the plastron and possibly also for the 

carapace. When growth in one dimension 
stopped, it also slowed or stopped in the other 
dimensions, with no indication of continued 
growth of the carapace after growth of the plas- 
tron had stopped, a possibility also suggested 
by Nichols. 

The wide variability of growth rates in nat- 
ural populations of reptiles appears to have both 
extrinsic and genetic bases, and to have adap- 
tive significance (Andrews, 1982). The pro- 
nounced variation of growth with habitat dif- 
ferences that has been shown in some aquatic 
species has not been examined for terrestrial 
Terrapene, but would be a matter of interest, 
especially since this feature is conspicuous 
among T. coahuila (Brown, 1971). Turtles inhab- 
iting a marshland area in Coahuila, Mexico were 
conspicuously smaller than those from river or 
pool habitats in the same region. Whereas those 
in the marsh habitat were considerably smaller 
than either T. carolina or T. ornata, those from 
other areas approached T. carolina in size and 
the maximum carapace length (168 mm) was 
greater. Variation of size with habitat also has 
been reported for other aquatic turtles (Cagle, 
1946; Gibbons, 1967; Hulse, 1976; Moll, 1976). 

Acknowledgments.-We sincerely appreciate 
the help of the many people who assisted in 
the field work for this study, in particular Rob- 
ert T. Mitchell in 1944, Clyde Vance in 1945 and 
1975, Leon Rhodes and John Roswell in 1965, 
and Gary Lehman in 1975. 

LITERATURE CITED 

ALLARD, H. A. 1948,1949. The eastern box-turtle and 
its behavior. J. Tenn. Acad. Sci. 23(4):307-321; 24(2): 
146-152. 

222 

http://www.jstor.org/page/info/about/policies/terms.jsp


GROWTH OF TERRAPENE 

ANDREWS, R. M. 1982. Patterns of growth in reptiles. 
In Carl Gans and F. Harvey Pough (eds.), Biology 
of the Reptilia, Vol. 13, pp. 273-320. Academic 
Press, New York. 

BLAIR, W. F. 1976. Some aspects of the biology of 
the ornate box turtle, Terrapene ornata. Southwest. 
Nat. 21(1):89-103. 

BRODY, S. 1945. Bioenergetics and growth. Reinhold 
Publ. Corp., New York. xii + 1023 pp. 

BROWN, W. S. 1971. Morphometrics of Terrapene coa- 
huila (Chelonia: Emydidae), with comments on its 
evolutionary status. Southwest. Nat. 16(2):171-184. 

CAGLE, F. R. 1939. A system of marking turtles for 
future identification. Copeia 1939(3):170-173. 

1946. The growth of the slider turtle, Pseud- 
emys scripta elegans. Amer. Midi. Nat. 36(3):685- 
729. 

. 1948. The growth of turtles in Lake Glen- 
dale, Illinois. Copeia 1948(3):197-203. 

CARR, A. 1952. Handbook of turtles. Cornell Univ. 
Press, Ithaca, New York. iv + 542 pp. 

CHRISTIANSEN, J. L., AND R. R. BURKEN. 1979. Growth 
and maturity of the snapping turtle (Chelydra ser- 
pentina) in Iowa. Herpetologica 35(3):261-266. 

ERNST, C. H. 1975. Growth of the spotted turtle, 
Clemmys guttata. J. Herpetol. 9(3):313-318. 

, R. W. BARBOUR, E. M. ERNST, AND J. R. BUTLER. 
1973. Growth of the mud turtle, Kinosternon sub- 
rubrum, in Florida. Herpetologica 29(3):247-250. 

EWING, H. E. 1939. Growth in the eastern box-turtle, 
with special reference to the dermal shields of the 
carapace. Copeia 1939(2):87-92. 

GIBBONS, J. W. 1967. Variation in growth rates in 

three populations of the painted turtle, Chrysemys 
picta. Herpetologica 23(4):296-303. 

HART, D. R. 1982. Growth of painted turtles, Chrys- 
emys picta, in Manitoba and Louisiana. Canadian 
Field-Nat. 96(2):127-130. 

HULSE, A. C. 1976. Growth and morphometrics of 
Kinosternon sonoriense (Reptilia, Testudines, Kino- 
sternidae). J. Herpetol. 10(4):341-348. 

LEGLER, J. M. 1960. Natural history of the ornate box 
turtle, Terrapene ornata ornata Agassiz. Univ. Kans. 
Publ. Mus. Nat. Hist. 11(10):527-669. 

MOLL, D. 1976. Environmental influence on growth 
rate in the Ouachita map turtle, Graptemys pseu- 
dogeographica ouachitensis. Herpetologica 32(4):439- 
443. 

MOSIMANN, J. E. 1958. An analysis of allometry in 
the chelonian shell. Rev. Canad. Biol. 17(2):137- 
228. 

NICHOLS, J. T. 1939. Data on size, growth and age 
in the box turtle, Terrapene carolina. Copeia 1939(1): 
14-20. 

PLUMMER, M. V. 1977. Reproduction and growth in 
the turtle Trionyx muticus. Copeia 1977(3):440-447. 

STICKEL, L. F. 1950. Populations and home range 
relationships of the box turtle, Terrapene c. carolina 
(Linnaeus). Ecol. Monog. 20(4):351-378. 

. 1978. Changes in a box turtle population 
during three decades. Copeia 1978(2):221-225. 

1988. Home range behavior among eastern 
box turtles (Terrapene c. carolina) of a bottomland 
forest in Maryland. J. Herpetol. 23(1):40-44. 

Accepted: 18 May 1988. 

223 

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. [216]
	p. 217
	p. 218
	p. 219
	p. 220
	p. 221
	p. 222
	p. 223




