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GROWTH AND MATURITY IN GREEN SNAKES
(OPHEODRYS AESTIVUS)

MICHAEL

AssTRACT:
of Opheodrys aestious. Growth
according to sex. Females
first year cohorts, size plots of
in agreement with size-age curves de

nown age nak
eveloy

ped fr
Spring at 31 mo of age. Apout half of the Izmnles first bred in
age at maturity were similar to other colubrid and

the following spring at 83 mo. Gr
elapid species of similar size.

V.

PLUMMER

}studied growth and maturity by mark recapture ina cental Arkanas ppulation
e futer than maes and rosched

sing linear function of body size and differed
a greater size. M zes of

mean body sizes of the largest snakes were
m growth rtc cquatons. Males frst bred in the
21 mo of age and half

and m.

Key words:  Reptilia; Colubridae; Growth; Maturity; Mark-recapture; Ae; Life history

A KNOWLEDGE of growth can be a valu-

with food supplementation suggests that a
population i ood lmited. Genetie differ.
ences, sex, environment, social
envirenment, attainment of sexual mato-
sity, and adaptatons to partcular e

yles may be reflected in_growth rates
(Andrews 1982). Demographic studies re-
quire that individuals be aged, and for
many species, including snakes, a thor-
ough knowledge of growth rates may be
the only method of aging (Caughley, 1977;
Gibbons, 1976)

In this paper, 1 describe growth in a
population of rough green snakes (Opheo-
drys aestivus), an arboreal, insectivorous
species inhabiting the forest edge sur-
rounding a lake in central Arkansas. Tin-
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kle (1960) and Morris (1982) estimated
growth and age of maturity of O. aestivus
Based on size frequency distributions
composed of individuals eollected in
widely different years and /or different lo-
calities. However, the variability in time
of hatching and the potential for highly
variable growth rates (Andrews, 1983;
ase, 1978) could obscure growth esti-
mates based on size frequency distribu-
tions, especially those from temporally and
spatially mixed samples. It is therefore de-
sirable to study growth of individuals
on mark-recapture in a single pop-
ulation within a restricted time.

My hypothesis is that growth in 0. aes-
tivus can be y the Von Berta-
lanffy growth model which predicts that
growth rate in length is a decreasing lin-
ear function of length:

GR=a - bSVL, m
where GR is the growth rate, a is the ini-
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tial growth rate, b is the growth constant,
and SVL is the snout-vent length (An-
drews, 1982). The model will then be used
toagesnakes and hereby provide s useful
demographic tool
METHODS

The study area (Bald Knob Lake, White
Arkansas) was described previ
ously (Plummer, 1981). On initial capture,
1 measured the SVL of snakes to the near-

by clippi
of Brown and Parker (1976) On recap-
ture, I remeasured snake 1 com-
puted growth rates as the o
tween the two SVL measurements divided
by the interval in days between observa-
tions. I then fitted these data to the Von
Bertalanffy growth model using the finite
difference approximation form to the dif-
ferential equation (Andrews, 1952). md
appropriate linear regression

Because l mcnsured

growth for small amounts of gmwlh only
data with a minimum of 60
captures were included in the dnalysxs The
growlh Season was the 5 mo from M

September. Data were collected from Au-
gust 1977-September 1979.

RESULTS

Growth rate was a decreasing linear
function of mean SVL (Fig. 1). Analysis
of covariance (ANCOVA), using SVL as
the covariate, revealed a significant di
ference (P < 0.01) in the regression I
for males and females; therefore growth
rates were treated separately for the two
sexes. The regression of GR on mean SVL
explained 81% of the variance in males

and 77% in females. Logarithmic trans-
formations (log, or log,) of the mean SVL.
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Fi. 1—Growh e st 8 funton of mean SVL

in Opheodrys aestious. The closed ci
line represent males; the o
line represent females. For m -
OOMISSVL. (n =38, 1= 090) Vm lemuln “Gh -
830 — 0.003555VL ( 88, For both
S i e o iy g
0.001). Data were determined from wi
(May-September) growth records,

and/or the GR data did not result in an
increase in the amuunl of explained vari-
ance in the regress

Following van Devender (1978), the
growth rate equation (1) was expressed as
a differential equation

1_!5\ L4 -bsvL @

which was mlegmled toyildan caation
that related age and §

Age(t) = (1/B)In(a + bSVL) + c. (3)
The constant of integration, ¢, could be
calculated if age at any body size is known.
Mean SVL'af atching (age 0) were 139

m for males and 140 mm for femu\ks
(Plummer, 1984) Figure 2 shows th
G iures) gecsiaten for- smoh sex from
equation 3. In order to test the validity of
the curves, plots of known-age snakes were
superimposed. Overall, the fit of known-
age nakes to T oo SutvesTyas

On thefower end, the curve sghtly
overestimated size and, for mal up-
per end appeared to slightly over \Ilm.\ll-
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—Body size as a function of
i o mani) in Opheods aevis. The

of 1mo after hatching (ate
August) s assumed before the first hil
‘convert growth age to chronalogical age (months since

hatching), sdd 7 mo (insctive) to growth ages 2.6,
14 mo 10 ages 7-11, 21 mo 1o 12-16, 28 mo to 17-
21, . (o5, growth age 4= chronslogialage 11
growth a ges in

 Chronelogieal age 35, Al a
et are chvanologleal sge.

size. Another independent test was to

mpare the mean SVL's of first year co-
horts measured at various times of the year
o sizes predicted by the equations of Fig.
2 (Table 1). Again, the equations slightly
overestimated sizes at the lowest ages, but
by July-August of the first year, there was
close agreement between predicted and
measured SVL’s. A test of the upper end
of the size-age curves was to compare

dinted by the growth ate equations The
+1 s of the 25 Inrgesl males
was 468 + and was
mm for female:  These valess compared
fave e predicted 483 mm for
males and 515 mim for fomales. Individual
growth did in fact become asymptotic.
One male (485 mm) did not grow for 1
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AR L=SVL's (8¢ 1SE mm)of coorts of small

snakes that seemed 1o be in thelr st full yea of

rowth. Predieted SVL' (i) e dejermined from
e ettions n he egend of P2

May 155 3613
June 221 + 5420
July 2512 65(18)
August 47(5)

yr. Five females (485-550 mm) did not
show signs of growth for periods of 1-3

There was a strong (= 0.99) relation-
ship between body mass and SVL. (Fig. 3
OVA revealed that female mass was
signiﬁcnmly (P < 0.001) greater than male
en if adult snakes in the same size

mass = 112 x 10-/SVL*™,
c....cm,m relating mass and SVL in Fig. 3
substituted_ into equation 3, then
inaaitonl chnage i mas: foc O assticns
would occur at 26.5% of asymptotic mass
for males and 27.7% for females. The Von
Bertalanffy growth model predicted that
growth in mass will be maximal at 30% of
the asymptotic mus (Andrews, 1982,

DISCUSSION
in many other species of reptiles

age of snakes at any given size. However,
as all methods that rely on morphological
characters that vary continuously with age
(Caughley, 1977), this method is subject
0 error. Examination of Fig. 2 shows that
the probability of error increases toward

raphically, an important lifc his-
tory attribute is the age at which maturity
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FiG. 3] s 1 fonetion of by ength

heodrys aestious. The rcles and solid
|.u represent male. the apen,cirdes and dsshed
t females. For females 65
A

esresions ave highy sgnifeant P < 0001)

is attained. In this population, the major-
ity of females were mature at 360-400
mm SVL and the smallest reproductive
female found was a 335 mm SVL snake
that contained oviductal eggs on 16 June

females ranging S75-085 mm were repro-

B o e iforencesin e
o‘ hzlchm and variation in individual
growth rates, it is likely that these 19
snakes were either 22-23 or 34-35 mo old,
on the average (Fig. 2). Thus, about half
of the females in the population first brecd

at approximately 21 mo of age and half
w,u be

tively. Intra-populational variati o the
e of maturiy of fomale saakes has becn
reported previowsly (discused by Turner,
1977 For males, active cloa m are
present n the spring in the majoriy of
snakes of about 30( m (Plummer,
published data). In e Tl male of this
size or slightly smaller have active testic-
ular sperm not yet descended into the vas
deferens (J. J. Greenhaw, personal com-
munication). Thus, males mature in their
st year after haiching and frst breed
the [allowmg spring at about 20-21 mo of
ge (Fi

e have etimates for age a maturty
areinagrcement with those made by Tin-
e (1960) and Morris (1982) based on
jpulation size distributions in Louisiana
ind Tinois. Fall mating apparently oc-
curs in some populations (Richmond,
1956). If the maturity schedule in this
population was the same as the Arkansas
popuation then males could potentill
ﬁrsl breed at 12-13 mo and females
55 o Tiowerer, because ovlation i I
ited to spring, fertilization would stll not
occur until the following spring (33-34
m

In order to compare roughly the first
year growth rate (mm/day) of O. aestivus
‘with those of other similarly-sized speci
1 divided the difference between the SVL's s

of one-year olds and hatchlings by 365
This procedure was necessary be-
e growth tate Semstants G, ke

other species. The calculated finite rates
were then rendered comparable by divid-
ing each by the respective hatchling
length. Hatchling length is highly corre-
lated with adult length in snakes (r = .89
Andrews, 1982) and thus is a good indi-
cator of size. The caleulated rate for O
aestious (0.0033) compared favorably with
those of other small species with hatchling
lengths between 100-150 mm, such as the
colubrids Carphophis amoenus (0.0026;
Clark, 1970) and Diadophis punctatus

g
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(0.0030; Fitch, 1975), and the elapids
Unechis gouldit (0.0024; Shine, 1975),
Austrelaps superbus (0.0050; Shine, 1978).
Cacophis krefii (00022; Shine, 1980
and Fuy ¢, 1951
In compansun to snakes of all sizes, the
% O s chtees pre-
hatchling length in
Fig. 9 of Andrews (1989). Except for Une
chis, which first breeds at age 1 (
176, ages at maturiy for females were
simila in the sbove specis o Ophe
urina, Austrelaps and Carphophis Bes
breed at age 2 (lark, 1970; Shine, 1975,
1981) and Diadoph c
Cacophis first breed at age 3 (Fitch, 1975;
Shine, 1980). As Opheodrys, some Caco-
phis harriettae first breed at age 2 and
others at age 3 (Shine, |
owth is a manifestation of the overall
energy budget of a speces. Thus, diffr-
ming and auanity of ingestion
ol be. relecied i exam-
i, whereas the buie fosding rmechazomn
of snakes results in the ingestion of large
prey at infrequent intervals (Gans, 1961),
some advanced snakes cat relatively small
preyat frequent ntervals (Greene, 1989
us, on one end of the spectrum are the
Ve, whieh ey e’ mbstantis
portion of their annual energy require-
ment in a single meal (Pough and Groves,
1983), and on the other end are insectiv.

popu

consisted of caterpillars, spiders, grasshop:

pers and crickets, and odonates. The mean

number of prey in stomachs was 3.1 and

more than 80% of snakes contained food

in their %uk (Plummer, 1981). There are
tial

tween species that manifest the
gent patterns of energy intake (Pough and
Groves, 1983). Whether patterns of gmwlh
differ between the two_groups
known. Because fi
in-asymptotic modclx ae diretly com
parable amon, s (Andrews, 1982).
The ‘approach taken in this paper would

wrowth constants 7

be useful in elucidating potential differ-
ences between these two groups.
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