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We examined the relationships of clutch size (CS) and egg size to female body size (straight-line carapace length, CL) in 
a population of the turtle Mauremys leprosa from a polluted segment of oued (river) Tensift in arid west-central Morocco. 
Twenty-eight adult females were collected in May–July, 2009 and all were gravid. Each was weighed, measured, humanely 
euthanized and then dissected. Oviductal shelled eggs were removed, weighed (egg mass, EM) and measured for length 
(EL) and width (EW). Clutch mass (CM) was the sum of EM for a clutch. Pelvic aperture width (PAW) was measured at 
the widest point between the ilia bones through which eggs must pass at oviposition. The smallest gravid female had a CL 
of 124.0 mm. Mean CS was relatively large (9.7±2.0 eggs, range: 3–13) and may reflect high productivity associated with 
polluted (eutrophic) waters. Regression analyses were conducted using log-transformed data. CM increased isometrically 
with maternal body size. CS, EW and EM were all significantly hypoallometric in their relationship with CL. EL did not 
change significantly with increases in CL. EW increased at a hypoallometric rate with increasing CL but was unconstrained 
by PAW since the widest egg was smaller than the narrowest PAW measurement when excluding the three smallest females. 
Smaller females may have EW constrained by PAW. As females increase in size they increase both clutch size and egg width 
in contradiction to predictions of optimal egg size theory.
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INTRODUCTION

Organisms must apportion harvested resources 
among the competing requirements for growth, 

maintenance, reproduction and storage (Congdon et al., 
1982). Since acquisition and processing of resources is 
finite during a given period of time (e.g. the activity sea-
son or lifetime of an individual), allocation is a delicate 
balance between survival and reproduction. If resource 
availability allows for increased reproductive output in 
oviparous species, they can produce larger eggs, more 
eggs per clutch, multiple clutches or a combination of 
more and larger eggs. Producing more eggs per clutch 
can only occur if physical accommodation is possible, 
usually through increased maternal body size (volume). 
Optimal egg size theory predicts that natural selection 
operates to balance reproductive output to optimize egg 
size (Smith and Fretwell, 1974; Brockelman, 1975) and 
presumably hatchling viability, thus increasing female 
fitness. Eggs produced below the optimal size would be 
expected to produce hatchlings with lower viability. If a 
species has evolved an optimum egg size, fitness of large 
females is expected to increase by producing more eggs 
of that size rather than producing an increased number 

of smaller eggs or fewer larger eggs. Optimization thus 
occurs at the point where fitness gained by investing in 
larger eggs is balanced with fitness reductions associated 
with production of fewer eggs (Congdon and Gibbons, 
1985). However, optimal egg size is constrained in some 
turtle species by pelvic aperture width or other anatomical 
constraints imposed by the turtle body plan (see review in 
Ryan and Lindeman, 2007).

In this study, egg and clutch allometry were quanti-
fied, relative to body size, in a population of the turtle 
Mauremys leprosa from a polluted segment of oued (riv-
er) Tensift in west-central Morocco. The study had three 
objectives. First, we examined the relationships between 
female size measured as carapace length (CL) and the fol-
lowing variables: clutch size (CS), clutch mass (CM), egg 
width (EW), egg length (EL) and egg mass (EM). Second, 
we investigated the possibility that egg size was optimized 
in this species and not constrained by pelvic aperture 
width (PAW) as has been shown in other small-bodied 
turtle species (Congdon and Gibbons, 1987). Third, our 
data were compared and contrasted with other studies in 
both polluted and unpolluted waters. The species has a 
broad western circum-Mediterranean distribution across 
a wide variety of habitats (Lovich et al., 2010) from the 
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northern margin of the Sahara to the French Pyrenees and 
from the Atlantic coasts to Tripolitania in Libya (Schleich 
et al., 1996; Bour and Maran, 1999). Consequently, we 
hypothesized that turtles living in eutrophic habitats (as 
found in many polluted environments) with higher food 
availability produce more eggs than those in less produc-
tive habitats due to the potential for increased growth 
rates and body sizes (Ernst and McDonald, 1989; Ger-
mano, 2010). 

MATERIALS AND METHODS

Study area
The study area is located in a segment of oued Tensift west 
of Marrakech, Morocco (32°N, 7°W and 380 m a.s.l.) in 
a peri-urban zone within the arid Haouz plain. This reach 
of the river is heavily polluted due to the proximity of 
a garbage dump and direct discharges of raw domestic 
and industrial wastewaters. Oued Tensift has its source 
in the nearby High Atlas Mountains. The river is subject 
to marked hydrological fluctuations with two peak flows: 
one in autumn/winter and a second in the spring. The an-
nual mean rainfall in the area is 242 mm, and the annual 
mean temperature is 20 °C, with minimal (January) and 
maximal (July) monthly means of 4.5 and 38.9 °C, re-
spectively. The adjacent marsh vegetation is dominated 
by Phragmites sp., Juncus sp. and Typha sp. The river bed 
is occupied by ca. 10 halophilous shrub species belonging 
to six different families (Hammada et al., 2004) due to 
high levels of soil salinity. The river showed high levels 
of eutrophication due to discharges of sewage and waste. 
Turtles were very abundant in the area.

Except for short periods in the winter when intermittent 
floods flush the channel, the river is shallow (0.15–1.00 
m). The water is highly turbid (Secchi depth <10 cm) and 
the bottom of the river is usually covered by a mat of sap-
robiotic material composed of decaying organic substrate 
supporting an algae-fungi complex. The invertebrate fau-
na generally consists of a few species of aquatic insects, 
mostly chironomids. Except for occasional observations 
of some amphibians (Green Toad, Pseudepidalea viridis 
and Mauritanian Toad, Amietophrynus mauritanicus), M. 
leprosa appeared to be the most common aquatic verte-
brate in this polluted segment of river. However, wading 
birds such as White Storks, Ciconia ciconia, and Cattle 
Egrets, Bubulcus ibis, were frequently observed.

Methods
The local abundance of M. leprosa and the low water 
depth of oued Tensift at the study site facilitated hand 
capture of turtles. During the 2009 breeding season, from 
May through July, adult turtles (CL>110 mm) were cap-
tured and then transported to the laboratory. Females were 
weighed (±0.1 g), measured for straight-line carapace 
length (±0.1 mm), and humanely euthanized (following 
administration of deep anesthesia with diethyl ether) prior 
to dissection.

The plastron was removed by sawing the bridges of 
the carapace and cutting the muscles beneath. CS was de-
termined based on the number of shelled oviductal eggs. 
Ovaries were not examined to determine the number of 

clutches produced that season so our results may include 
both first and subsequent clutches. Eggs were removed, 
numbered, weighed to the nearest 0.1 g and EL and EW 
were measured to the nearest 0.1 mm. We used the mean 
of egg measurements for each clutch in our analyses to 
control for maternal effects. CM was the sum of individ-
ual egg mass (EM) within a clutch. Relative clutch mass 
(RCM) was calculated as CM divided by the postpartum 
body mass (body mass without eggs) of the female. Fi-
nally PAW for each female was measured directly at the 
widest point between the ilia using a digital caliper (to 
the nearest 0.1 mm). All the specimens examined are 
preserved and maintained in the collection at the Natural 
History Museum of Marrakech, Cadi Ayyad University, 
Morocco.

Relationships among the various clutch and egg 
characteristics, CL and PAW were examined by linear re-
gression after log10 transformation to improve linearity, 
reduce or eliminate heteroscedasticity and to facilitate 
comparisons with other studies (King, 2000). Preliminary 
regression analyses demonstrated that the three smallest 
females (CL=124.0 mm, CS=3; CL=142.0 mm, CS=4; 
and CL=156.5 mm, CS=5) caused skewed normal proba-
bility plots even after log transformation. As a result, they 
were removed from all regression analyses but are includ-
ed in statistical summaries of variables and for reference 
in Fig. 1 and 2. Following Ryan and Lindeman (2007), 
linear regression analysis was used to identify isometric 
versus allometric (hypoallometric or hyperallometric) re-
lationships. For volumetric measures, such as CS or egg 
mass (EM), we hypothesized an isometric relationship 
with a slope of 3 when regressed on CL. For comparison 
of linear measurements like EW and EL against CL, an 
isometric relationship with a slope of 1 was hypothesized. 
Significant results with 95% confidence intervals that 
bracketed the expected slope value under isometry were 
considered to be support for that hypothesized relation-
ship. Confidence intervals that were below expected slope 
values were hypoallometric (increasing at a rate less than 
expected under isometry) while values above expected 
slope values were hyperallometric (increasing at a rate 
greater than expected under isometry).

To determine the relationships of PAW and EW with 
CL, the method of Congdon and Gibbons (1987) and van 
Loben Sels et al. (1997) was used by employing analysis 
of covariance to test for homogeneity of slopes. Homoge-
neity of slopes (CL vs. PAW=CL vs. EW) can suggest the 
existence of a morphological constraint on EW. Heteroge-
neity of slopes suggests that egg size is optimized if EW 
does not increase with CL. Coefficients of variation for 
EW and CS were compared since CS is expected to vary 
more than EW under optimal egg size theory. Again, the 
three smallest females were excluded from the analysis so 
the results should be interpreted for larger females from 
our population.

Means are reported along with their standard devia-
tions. All tests were evaluated at α=0.05. Statistical tests 
were carried out by using SPSS 10.0 and SYSTAT 13 
software.
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Fig. 1. The relationship between clutch size and other clutch/egg characteristics in Mauremys leprosa from oued 
Tensift, Morocco. Linear regression smoothers are fitted to the data for reference only since the three smallest 
gravid females were outliers that challenged the assumption of normality.

All 28 of the females collected and examined were gravid 
with shelled eggs in their oviducts. Mean female CL was 
180.1±17.0 mm (range: 124.0–200.1 mm). Mean body 
mass was 979.8±198.3 g (range: 550.0–1,295.0 g). CS 
varied from 3 to 13 eggs with a mean of 9.7±2.0. Mean 
egg mass was 7.5±1.3 g (range: 3.4–9.3 g). Mean CM 
was 74.0±21.7 g (range 15.6–108.9 g). Mean RCM was 
7.4±1.5% (range: 2.3–9.2%). Despite the variation in 
RCM, the log-log relationship with CL was not signifi-
cantly different from zero (r=0.04, P=0.85). Mean EL 
and EW were 31.5±1.9 mm (range: 27.6–36.3 mm) and 
20.0±1.41 mm (range: 16.3–22.2 mm), respectively. The 
average PAW (mm) was 27.8±3.2 (range: 19.3–32.8 mm). 
CS, CM, EW and EM were all significantly correlated 
with female CL (P<0.05 in all cases, Table 1). A sig-
nificant isometric relationship existed between CM and 
maternal CL (Fig. 1). CS, EW and EM increased in a sig-
nificantly hypoallometric fashion with maternal CL (Fig.  
1) in contrast to our predictions of isometry.  EL was not 
significantly related to CL (Table 1). 

Comparing the slopes of the two log-transformed 
regression equations relating both PAW and EW to the 
covariate CL (Fig. 2) using ANCOVA, after removing the 
three smallest females, we rejected the null hypothesis of 
homogeneity of slopes as shown by a significant interac-
tion term (Table 1). PAW increased at a hyperallometric 
rate relative to CL (Table 1). The coefficient of variation 
for the log of CS was 0.058 while that for the log of EW 
was 0.019.

Data on the reproductive ecology of M. leprosa are rela-
tively scarce, especially within Morocco. The first work 
on reproductive biology of this species dealt with the go-
nadic cycle of populations in Algeria (Combescot, 1954). 
Many years later, several studies were published for Ibe-
rian populations (Spain: Perez et al., 1979; Andreu and 
Villamor, 1989 and da Silva, 1995). In Morocco, apart 
from works on aspects of population ecology (Meek, 
1987) and more recently on geographic variation of sexu-
al dimorphism (Lovich et al., 2010), there are few studies 
on the ecology and life history traits of this species. 

DISCUSSION

RESULTS
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Body sizes for females at our study site were similar to 
those in a polluted, eutrophic habitat in Badajoz, south-
west Spain (Table 3). The size of the smallest egg-bearing 
female in oued Tensift was 124.0 mm CL which is smaller 
than the size at sexual maturity found in either Algeria 
(130 mm CL, Combescot, 1954) or Spain (Doñana, 140–
150 mm CL; and Badajoz, 153.1–210.1 mm CL, da Silva, 
1995).  The small size at maturity we observed may be 
a result of rapid growth facilitated by eutrophic condi-
tions. Ernst and McDonald (1989) and Germano (2010) 
found that turtles in eutrophic conditions grew faster and 
achieved larger body sizes than those in less productive 
habitats. It is possible that the productive conditions at 
our study site allow for earlier maturity of females rela-
tive to less productive sites. Local variation in the size 
and age of maturity is well-documented in turtles (Gib-
bons and Lovich, 1990), including M. leprosa in Morocco 
(Lovich et al., 2010).

Mean clutch size of our population was similar to val-
ues reported (Table 3) from eutrophic habitats in Badajoz, 
Spain (da Silva, 1995). In contrast, lower clutch sizes 
were found in unpolluted habitats in Algeria and other 
populations in Spain. The difference was attributed to 
the eutrophic nature of the habitat in Badajoz, Spain and 
could also explain the high clutch sizes we observed in 
the polluted habitat of oued Tensift. Higher clutch sizes in 
turtles from polluted (eutrophic) habitats may be related 
to the attainment of larger adult body sizes, and thus in-
creased volume for egg storage, relative to less productive 
habitats. Gibbons et al. (1982) documented significant lo-
cal variation in clutch size of turtles occupying habitats 
with different conditions. 

In oued Tensift, clutch size and egg size were posi-
tively correlated with female CL. Similar results were 
observed in southwestern Spain (da Silva, 1995). This 
pattern has been observed in other turtle species (see 
review in Ryan and Lindeman, 2007). Log-log regres-
sion analyses showed that CM increased isometrically 
to carapace length with a slope of 3, indicating that as 
body size increases abdominal volume available for egg 
storage increases at a similar rate. CS, EW and EM were 

M. Naimi et al.

hypoallometric to CL, suggesting that these increased 
much more slowly than expected based on increases in 
body size. EL was essentially invariant to CL since it is 
less likely than EW to be affected by morphological con-
straints.

No evidence of a morphological constraint from pel-
vic aperture size on EW was found since the widest egg 
was still smaller than the narrowest PAW observed in 
our sample when excluding the three smallest females. 
However, inspection of Fig. 2 suggests the possibility of 
a constraint in the smallest turtles. In fact, PAW increases 
at a hyperallometric rate relative to CL (Table 1) and this 
allows egg width to increase significantly with CL at a 

Reproductive
Parameters r P

Expected 
slope
Under 

isometry

Slope SE 95% c.i. Result y-intercept

log CM 0.79 <0.001 3 2.73 0.44 2.30–3.17 Isometry -4.30
log CS 
log mean EL
log mean EW
log mean EM
log PAW

0.71
0.23
0.66
0.51
0.84

<0.001
0.271

<0.001
0.009

<0.001

3
1
1
3
1

2.03
0.26
0.74
0.71
1.43

0.42
0.23
0.18
0.25
0.19

1.61–2.45
0.03–0.48
0.56–0.91
0.46–0.95
1.24–1.62

hypoallometry
hypoallometry
hypoallometry
hypoallometry
hyperallometry

-3.60
0.92
-0.36
-0.701
-1.79

Table 1. Analysis of log-log linear regressions, between carapace length (CL), various egg characteristics (clutch 
mass=CM, clutch size=CS, mean egg length=EL, mean egg width=EW, and mean egg mass=EM) and pelvic aper-
ture width (PAW) in Mauremys leprosa from oued Tensift, Morocco. Regression model parameters are given with 
correlation coefficients (r), standard errors (SE) and confidence intervals (c.i.). The three smallest females in the 
sample were excluded from the analyses to meet the assumption of normality. Therefore these regressions only 
apply to larger females.

Fig. 2. Relationship between carapace length and 
mean egg width of each clutch (hollow circles and 
pelvic aperture width (solid circles) in Mauremys 
leprosa from oued Tensift, Morocco. Linear regression 
smoothing functions are shown. The three smallest 
gravid females were removed from statistical analysis 
of linear regressions (as discussed in the text) to meet 
the assumption of normality, but they are plotted here 
for reference.
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lesser rate (Fig. 2). This is in contrast to the prediction that 
EW is optimized and thus relatively invariant compared 
to CS across a wide range of body sizes (Congdon and 
Gibbons, 1985). Instead, both CS and EW increase with 
CL. This pattern was reported previously for M. leprosa 
in Spain (da Silva, 1995) and 12 other turtle species (Ryan 
and Lindeman, 2007) including Graptemys geographica. 
In M. leprosa and G. geographica, larger females divide 
increased reproductive effort between producing both 
larger clutches and larger eggs, again, in contradiction 
to expectations under optimal egg size theory. Thus, egg 
width is neither constrained nor optimized. While larger 
females produce both more and larger eggs, RCM is es-
sentially constant across body sizes and this is consistent 
with the finding that CM increases isometrically with CL 
as in G. geographica (Ryan and Lindeman, 2007), and in-
deed in most turtles (Iverson, 1992; Iverson et al., 1993).

If EW is not constrained by PAW, why does EW 
increase with increasing CL? Another morphologi-
cal variable, not measured in this study, that presents a 
potential physical constraint to oviposition in turtles is 
the caudal gap formed between the posterior rim of the 
carapace and the plastron (Clark et al., 2001). It is pos-
sible that this anatomical feature constrains egg size in 

M. leprosa from being optimized, especially in small fe-
males. However, our sample size encompassed the range 
of body sizes observed in populations of M. leprosa in 
central Morocco (Lovich et al., 2010), and neither we nor 
Ryan and Lindeman (2007) found evidence of a sudden 
leveling off of egg size in larger females as observed in 
larger female painted turtles (Chrysemys picta) in some 
populations (Rollinson and Brooks, 2008). It is also pos-
sible that there are physiological constraints associated 
with body size (Bowden et al., 2004) or differences in 
resource allocation to reproduction between smaller and 
larger females (Bowden et al., 2011).

We were unable to determine the relative clutch num-
ber produced by each female. Thus, it is possible that 
females sampled early in the season were producing their 
first clutch while females sampled later in the season were 
producing a second or third clutch (Bonin et al. 2006). 
Clutch frequency can have an effect on egg size. For ex-
ample, in the 20 year reproductive history of a captive 
female turtle Heosemys grandis, first clutches had few 
large eggs while second clutches had more but smaller 
eggs (Goode and Ewert, 2006). We are not aware of this 
phenomenon in M. leprosa but it warrants additional 
study.

Variable

Location Smallest gravid 
female CL

Maximum 
female CL

Clutch size 
(range)

Mean egg 
length

Mean egg 
width

Mean 
egg mass

Tensift River, Morocco 
(Present study)

124.0 200.1 9.7 (3–13) 31.5 20.0 7.4

Algeria (Combescot, 1954) 130 - 4.8 (4–6) - - -

Doñana, Spain (Andreu and 
Villamor, 1989 and Pérez et 
al., 1979 in da Silva, 1995)

140 - 5.3 (3–7)
5.8 (5–7)

35.5 22.4
21.3

-

Doñana, Spain (Keller, 
1998)

137.3 218.0 6.9 (3–13)
6.2 (1–10)

Badajoz, Spain (da Silva, 
1995)

153.1 210.1 9.6 (4–13) 34.1 20.1 8.4

Table 2. Analysis of covariance results comparing the slopes of the relationships between log carapace length 
(CL) and log mean egg width, and log CL and log pelvic aperture width. Treatment is the log of mean egg width for 
a clutch or the log of pelvic aperture width; log CL was the covariate.

Source Sum-of-Squares df Mean-Square F-ratio P
Treatment 0.002 1 0.002 5.951 0.019
log CL 0.028 1 0.028 70.238 0.000
Treatment*log CL 0.003 1 0.003 7.235 0.010
Error 0.018 46 0.000

Table 3. A comparison of reproductive attributes of female Mauremys leprosa from various populations in 
Morocco, Spain and Algeria. All size measurements in mm except egg mass in grams. Carapace length=CL. Data 
from Keller (1998) include two subsamples from the same population. For additional information on body size 
at maturity see Lovich et al. (2010: Table 2). 
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The reproductive strategy of our population of M. lep-
rosa does not appear to require egg size optimization. 
Instead, the species divides increased investment of re-
productive effort between producing both more and larger 
eggs as body size allows. The coefficients of variation we 
calculated for CS and EW suggest that the former varies 
more than the latter, in partial support of predictions from 
optimal egg size theory. What value might this strategy of 
increasing both CS and EW have in terms of female fitness? 
A possible explanation is phenotype-habitat matching as 
suggested by Rollinson and Brooks (2008). It could also 
be that there are nearly equal fitness advantages to larger 
clutches and larger eggs.  Hence the optimal “strategy” 
could simply be to increase both parameters with size. 
Female body size may influence hatchling survival if larg-
er females nest farther from water than smaller females, 
where predation risk is minimized (but see Congdon et 
al., 1983). Larger eggs might better provision hatchlings 
for the long trip back to water upon emergence (Janzen 
et al., 2000). If phenotype-habitat matching occurs in M. 
leprosa, this might be expected to cause egg size to co-
vary with body size as observed in our study. 
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