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Abstract.—We studied the reproduction of Pacific Pond Turtles, Actinemys marmorata, in four coastal creeks in central
California. Ovigerous females had carapace lengths (CL) between 140 mm and 164 mm ( = 152 mm). Oviposition
occurred from late April to mid-July. The number of eggs in 97 clutches varied between three and eight ( = 5.7), and 39
females laid 0-2 ( = 1.3) clutches/yr. The average size of the first clutch was larger than the second, but the number of
clutches laid one year did not affect the number laid the next year. Mean annual egg production per female was 7.2 eggs.
The female pond turtles reported here have the largest minimum size at maturity (140 mm) of any population studied to
date. The breeding season is similar to that in lowland southern California and about a month earlier than at higher
elevations and latitudes. Clutch size is not correlated with CL at the local level, but it is in the overall range. Clutch size
may be under tighter genetic control than clutch frequency, and the latter may be the mechanism by which females adjust
to varying environmental conditions such as nutrient levels or temperature.
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INTRODUCTION
Limited information exists on the reproduction of
Pacific Pond Turtles (Actinemys marmorata) compared
to that available for many other North American
freshwater turtles. Van Denburgh (1922) reported on A.
marmorata nesting habits and egg sizes. Rathbun et al.
(1992) examined the nesting habitats of four female
turtles in our study area. One previous study (Holland,
D. C. 1994. The Western pond turtle: Habitat and
history. Unpublished Final Report. Portland, OR: U.S.
Department of Energy, Bonneville Power administration.
http://www.efw.bpa.gov/Environment/EW/EWP/DOCS/
REPORTS/WILDLIFE/W62137-1.pdf) commented on
minimum size at maturity in individuals from southern
California and Oregon, and Goodman (1997a, b) has
data from two southern California sites. However, the
average and variation in this parameter are unknown for
any population. Reports on the sizes of about 190
clutches from throughout the range exist. Over large
geographic areas, the number of eggs correlates with
female carapace length (Holland 1994 ibid). There are
reports of the clutch frequency for two southern
California populations (Goodman 1997a; Lovich and
Meyer 2002).
Previous studies on A. marmorata in coastal central
California took place on the same populations that we
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studied. They include: (1) Holland (1985) who reported
on the natural history and morphometrics of the Pico
Creek population; (2) Rathbun et al. (1992) who
examined nesting in the Arroyo Laguna system; and (3)
Rathbun et al. (2002) who reported movement patterns
and nesting behaviors of the populations reported herein.
The objective of our paper is to summarize the
reproductive traits of these populations.
MATERIALS AND METHODS
Study Sites and Populations.—We studied turtles in
the coastal portions of Oak Knoll Creek/Arroyo Laguna,
Little Pico Creek, Pico Creek, and San Simeon Creek,
which are within 17 km NW of Cambria, San Luis
Obispo County, California, USA. All of the creeks
include small lagoon systems at their mouths. Only San
Simeon Creek flowed all year; the others dried in late
summer, and all had torrential flows following winter
storms. A small man-made pond was in the Pico Creek
flood plain, upstream from the lagoon and about 50 m
from the creek. Another man-made pond, used to store
treated sewage, was in the uplands near San Simeon
Creek. In addition, the lagoon at San Simeon Creek
includes a small tributary that formed a permanent
slough.
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Turtles in the Pico Creek/Pond system move among
the pond, an intermittent creek, and a tidal lagoon, but
spend most of their time in the pond (Rathbun et al.
2002). Turtles in San Simeon Creek drainage use a
permanent stream, a lagoon, and a slough, and they
occasionally use the sewage infiltration ponds. Turtles
in Arroyo Laguna and Little Pico occur in the only
waters available to them, the stream and lagoon.

RESULTS

Size at Maturity.—Of the 152 females with CL > 100
mm, the 43 females with detectable eggs ranged between
140 and 164 mm (mean = 151.6 mm, S = 5.7; Table 1,
Fig. 1); and did not vary significantly among the
drainages (F = 0.78, df = 3.42, P = 0.51). One
radiotagged female did not lay eggs in two consecutive
years, during which time her carapace grew from 149
Field Methods.—We hand-captured or trapped, and mm to 151 mm. We considered her to be an anomaly, so
palpated for eggs, 152 female A. marmorata with we excluded her data from the productivity calculations.
carapace lengths (CL) > 100 mm from 1992-1998.
Nesting Season.—The nesting season extended from
Radio transmitters (Custom design, ATS, Isanti,
Minnesota, USA) were attached to 39 with CL > 139 late April through mid July, during which time females
mm with epoxy to the anterior carapaces (Rathbun et al. deposited zero, one, or two clutches (Fig. 2). The
2002). We measured CL to the nearest millimeter with earliest laying date was between 22 and 30 April. We
calipers in a straight-line between the most anterior and recorded shelled eggs from the first clutch as late as 15
July, although they deposited most before the end of
posterior points of the carapace.
We caught and palpated radio-tagged turtles at June. They laid the earliest second clutch before 6 June,
intervals of approximately two weeks during the 2½ and we found the latest on 1 July.
breeding seasons. If we detected eggs, we X-rayed the
Clutch Size.—The mean clutch size from 43 turtles
turtles. This provided additional clutch data on turtles
that we captured but did not radiotag. Repeated X-rays was 5.7 (SD = 1.2, range = 3-8). Female CL was not
are not thought to be injurious to female turtles or their significantly related to maximum clutch size (F = 1.62,
df = 20,42, P = 0.44). Average clutch size varied
eggs (Hinton et al. 1997).
We determined individual clutch intervals within a significantly among drainages (F = 4.51, df = 3,39, P =
breeding season by counting the number of days 0.008, Fig. 3). Mean clutch size from Pico Creek
between the final date that we felt the first and second females (mean = 4.7, SD = 1.0, n = 9) was significantly
clutches.
This estimate either overestimated or smaller than that from Little Pico (mean = 6.4, SD = 0.7,
underestimated the actual interval, but without an n = 7, Mean Difference = 1.74, P = 0.02) and San
Simeon (mean = 6.2, SD = 1.2, n = 13, Mean Difference
obvious bias in either direction.
We estimated the end of the nesting season as the last = 1.51, P = 0.02) creeks, but not from Arroyo Laguna
date we detected a clutch in a female. The actual laying (mean = 5.6, SD = 1.2, n = 14; Mean Difference = 0.94,
P = 0.30). Arroyo Laguna, Little Pico, and San Simeon
date for that clutch was 1-13 days later.
did not differ among themselves (all Mean Differences <
Statistical Analyses.—We analyzed data using SPSS 0.80, P > 0.73). Clutch size did not vary significantly
(1997. SPSS for Windows. Release 8.0.0, Chicago, among years (F = 0.24, df = 6,62, P = 0.96).
Illinois) with an alpha level of α < 0.05 for all tests. We
tested for normality on all distributions using the
Clutch Frequency.—In some turtles, we did not
Kolmogorov-Smirnov
test
with
the
Lillefors palpate a single clutch for as long as 33 days, but the
modification.
We tested the relationship between usual duration was 2-3 weeks. The estimated range of
carapace length, clutch size, and frequency using linear intervals between the laying of two clutches in the same
regression for normally distributed data, and Spearman's season was 27-43 days. We tracked 39 turtles through
rho (rs) for non-normal data.
66 individual turtle nesting seasons, during which time
We compared normal clutch data among streams by they laid an average of 1.3 (SD = 0.7) clutches/yr (Table
one-way ANOVA and a Bonferroni post hoc multiple 1). Individual turtles laid no eggs in 10 seasons, a single
comparisons test. For non-normal parameters, we made clutch in 27 seasons, and double clutches in 29 seasons.
comparisons with the Kruskal-Wallis test followed by Clutch frequency did not vary significantly with turtle
pair-wise Mann-Whitney U tests with a Bonferroni size (N = 39, P = 0.99).
Twenty-five females laid two clutches in a single year;
corrected alpha level. For females with multiple
clutches, we used mean values in the calculation of most their average first clutch (mean = 6.0, SD = 0.9)
statistics; for the relationship between CL and clutch contained significantly more eggs than their second
size, we used the maximum clutch size. Data are clutch (mean = 5.3, SD = 1.3; t = 2.25, df = 25,24,
presented as means and standard deviation (SD). We P = 0.03). The number of clutches laid in one year
based data on clutch frequency for those records seemed to have no effect on the number of clutches
produced the next year. In 25 pair-wise comparisons
spanning an entire nesting season.
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between years, turtles laid more clutches the second year
on eight occasions, on nine they laid fewer, and on eight
they laid the same number of clutches. The number of
clutches per year varied significantly among streams (χ2
= 8.55, P < 0.04). Females in Arroyo Laguna laid
clutches significantly more often than those in San
Simeon Creek (U10,13 = 20.00, P = 0.004).

Reproductive Output.—Mean annual egg production
of 39 radiotagged females was 7.2 (SD = 3.9) eggs. It
did not vary significantly with CL (F = 1.18, df = 1.37, P
= 0.28) or among streams (F = 1.43, df = 3,35, P =
0.25). During 66 seasons, the total reproductive output
of 39 females was > 478 eggs in 85 clutches (the size of
one clutch was unknown).

TABLE 1. Carapace lengths and clutch sizes of 48 Actinemys marmorata from San Luis Obispo
County, California, USA, 1992-1998. Annual clutch frequency is given for 39 radio-tagged turtles.
Unless noted by an asterisk, egg numbers are the entire egg output of that turtle during the year
(6-5 indicates 6 eggs in the first clutch and 5 in the second). A question mark (?) means that the
clutch size is unknown. # = turtle ID number; CL = Carapace length
Yearly Clutch Sizes
1992 1993 1994 1995 1996 1997 1998
#
CL
00617
140
6-5
06171
148
6
7-5
53548
146
6*
8426F
148
8*
90E69
161
8
6-7
9340E
154
6*
94541
151
5-5
4*
A635F
156
4*
B0842
152
7-3
B4D2B
147
6-4
D096F
145
6-5
6*
D133E
143
0
D214E
164
6-7
D2F72
144
4-3
4F712
149
6*
Little Pico
10E5C
145
0
23251
156
7-6
8
86708
150
7
92431
154
5
B4203
143
6-7
0
7
6
B4505
149
6-6
0
E653C
149
7-7
F3233
150
6-7
Pico Creek/Pond
23207
156
4-5
2441D
154
3
62E4C
159
4
85715
153
4
5
0
3
5-4
92275
141
5-3
95B19
154
6
97427
152
5
6-4
B3B06
150
5-6
F665B
148
6*
San Simeon Creek
02763
158
0
0315F
148
8
7
15913
151
5*
21B38
163
7
7
8-5
7
7-4
6*
22857
153
8*
57D59
152
6-4
6
5
86430
152
0
7
91708
153
7-4
6
92226
147
7
8
92765
149
0
93D20
160
95161
154
7*
COA6B
163
6*
7-7
6-7
C6513
155
7-5
5
C6F4B
143
?-5
3
D2E4F
149
0
* Incomplete clutch record. Turtles may have laid additional clutches. We excluded this record
from clutch frequency calculations.

Locality
Arroyo Laguna
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DISCUSSION
Size at Maturity.—The size of
the smallest reproductive female
turtles in a population varies
considerably under different
ecological regimes (Gibbons et
al. 1981).
Holland (1994)
studied Actinemys throughout its
range. He reported a southern
California reproductive female
with a CL of 111 mm, but
120 mm was the minimum
reproductive size in most areas
he studied. The smallest female
with eggs found north of the
Rogue River in Oregon had a CL
of 131 mm. We palpated 25
females with CL between 119
and 140 mm during the breeding
season (April-June) and only one
(140 mm CL) was gravid. At
other southern California sites,
researchers found smaller gravid
females with CL ranging from
129-139 mm (Goodman 1997b;
Lovich and Meyer 2001).
Clutch Phenology, Size, and
Frequency.—The
May-July
nesting season at our study site
in coastal central California was
about the same as that reported
for a low elevation site in
southern California (Goodman
1997a). These seasons were
about a month earlier than the
June-August period for a higher
elevation southern California site
(Goodman 1997b) and for
Oregon (Holland 1994 ibid).
Holland (1994) gives an
extreme range of 1-13 eggs in
168 clutches from throughout the
range. Mean clutch sizes from
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FIGURE 1. Distribution of carapace lengths of 43 gravid female
Actinemys marmorata at first capture, 1992-1998, San Luis Obispo
County, California, USA.

FIGURE 2. Last dates that 95 clutches could be felt within female
Actinemys marmorata, 1992-1998, San Luis Obispo County, California,
USA. Actual nesting dates would be 1-13 days later.

four coastal central California samples (mean = 5.6, n =
116; Congdon and Gibbons 1985; Rathbun et al. 1992;
this study) are considerably smaller than those from
interior California (mean = 8.0, n = 5, Storer 1930),
and Oregon (mean = 7.3, n = 4, Feldman 1982; mean 
7, n unknown, Holland 1994 ibid), but they are similar to
those from two southern California sites (lowland mean
= 5.7,
SD = 1.7, n = 16; upland mean = 5.7, SD = 1.0, n = 15,
Goodman 1997b). Lovich and Meyer (2002) recorded
12 relatively small clutches from the Mojave Desert of
California (mean = 4.6, range 4-6).
Holland (1994) found a strong positive correlation (r =
0.69, n = 168) between carapace length and clutch size
over the entire range of A. marmorata. However, this
correlation did not hold in our study or at Goodman's
(1997b) lowland site. There was a significant CL/clutch

size correlation at Goodman's upland site and in the
Mojave Desert turtles studied by Lovich and Meyer
(2002).
Clutch frequency is a critical parameter for the
development of realistic life tables. Unfortunately, it is
time-consuming to determine accurately. Analyses of
clutch size alone are interesting from a theoretical aspect
(Iverson et al. 1993), but they are misleading for
population analyses without knowing clutch frequency.
At Goodman's (1997a) southern California lowland
site, 42% of 15 females observed during three seasons
laid eggs in any given year; in our study, this figure was
85%. Goodman's gravid female laid two clutches in
10% of the seasons versus our figure of 44%. Overall,
Goodman's turtles averaged 0.52 clutches/yr contrasted
with 1.31 in our study. However, a few of Goodman's
turtles may not have reached reproductive size or age.
Goodman (1997a) used 110 mm as his criterion for
minimum CL at first reproduction, a size that is
considerably below our minimum of 140 mm. On the
other hand, three of our turtles that failed to lay (CLs of
143, 145, and 149 mm) also may have been immature
(Table 1). Goodman's (1997b) clutch frequency data for
his upland site may be incomplete, and some turtles may
have nested without his knowledge (Goodman, pers.
comm.).
Holland (1994) stated that, although some turtles in
central and southern California may lay eggs every year
or
even
double-clutch,
the
"majority
of
females....examined or dissected during the approximate
period when the species is known to be carrying eggs
were not gravid". Thus, he concluded from this that
either the majority of Pacific Pond Turtles oviposit every
other year (or even triennially), or many females are
reproductively senescent. On the central California
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FIGURE 3. Distribution of egg clutch sizes among streams for 43
female Actinemys marmorata, 1992-1998, San Luis Obispo
County, California, USA. Mean clutch sizes rounded to the
nearest whole integer are used for multiple clutches from the same
female.
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coast, the first scenario is not true and the second is
unlikely.
Holland (1994) may have overestimated the duration
that females retain palpable eggs. We examined turtles
several times each during years in which they laid eggs.
Taking the observations from 15 April through 30 June,
we recorded these turtles as lacking eggs (by palpation)
140 times out of 283 observations. We generally
palpated a turtle five or six times during a season, and
even turtles that laid two clutches would lack noticeable
eggs on two or three of these occasions. Similarly,
Turner et al. (1986) found that eggs of any single clutch
in the Desert Tortoise (Gopherus agassizii) were only
visible on X-rays for about 22 d.
One aspect of A. marmorata nesting that has not been
suitably explored or discussed is the possibility that
gravid females split clutches of eggs between two or
more nests over several days. Split clutches within a
single day have been documented for Pseudemys
floridana from eastern North America (Ernst et al.
1994). Unfortunately, we did not design our study to
detect clutch-splitting. Our data, and those of Lovich
and Meyer (2002), suggest that it may occur. For
example, in the two cases where we successfully
monitored turtle nests, the number of overwintering
nestlings that emerged or that we excavated was less
than the number of shelled eggs that the females carried
before nesting, as determined by X-ray. In addition,
because we determined successful nesting by palpating
females after nesting, and palpation only provides
information on the presence or absence of eggs, not
numbers, we may have missed cases of split clutches.
The possibility of split clutches in A. marmorata
definitely warrants closer examination.
We assume that clutch parameters are affected by
multiple intrinsic (e.g., genetic, physiological) and
extrinsic (e.g., temperature, nutrient) factors. The
discrepancy in clutch frequency between the central
coast and southern California turtles indicates that clutch
frequency might be the most important way that turtles
adjust to differing nutritional or thermal environments.
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