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Size-specific Fecundity of the Desert Tortoise (Gopherus agassizii) 

JAMES M. MUELLER,1'3 KAMILA R. SHARP,1,4 KATHERINE K. ZANDER,2 DANNY L. 

RAKESTRAW,2 KURT R. RAUTENSTRAUCH,2 AND PATRICK E. LEDERLE2 

1EG&G Energy Measurements, Las Vegas, Nevada 89125, USA, and 
2Science Applications International Corporation, Environmental Sciences Division, 

1180 Town Center Drive, Las Vegas, Nevada 89134, USA 

ABSTRACT.-We determined the annual fecundity of desert tortoises using x-rays from 1993 through 1995 
at Yucca Mountain, Nevada. The smallest tortoise to reproduce was 209 mm carapace length (CL); eleven 
smaller tortoises did not reproduce. The mean age of first reproduction was estimated to be 19-20 years. 
Clutch size and annual fecundity were related to female size, but annual clutch frequency was not Clutch 
size ranged from 1 to 10 eggs; annual clutch frequency ranged from 0 to 2. Mean clutch size of tortoises 
with a single clutch was 0.9 eggs larger than that of tortoises with two clutches. Annual fecundity ranged 
from 0 to 16 eggs. Predicted annual fecundity was three eggs for a 208 mm CL tortoise and increased by 
one egg for each 7 mm increase in CL. Annual fecundity of tortoises in this study was compared with that 
of tortoises studied in Goffs, California, during 1983-1985. The regressions of fecundity on female size had 
similar slopes, but tortoises at Goffs produced an average of 4.5 eggs more than tortoises of the same size 
in our study. Tortoises at Goffs, however, were significantly smaller than tortoises in our study. 

Understanding the demographics of cheloni- 
an populations is essential for developing effec- 
tive conservation measures that will perpetuate 
viable populations of these animals. Currently 
an enormous effort is underway to conserve the 
desert tortoise (Gopherus agassizii). This species 
occurs in the southwestern United States and 
northwestern Mexico in three biotic regions: 
Mojave Desert, Sonoran Desert, and Sinaloan 
thornscrub and deciduous forest (Germano et 
al., 1994). The population in the northern part 
of this range, occurring primarily in habitats 
dominated by Mojave Desert flora and denoted 
the Mojave population, is listed as threatened 
under the U.S. Endangered Species Act (U.S. 
Fish and Wildlife Service, 1990). 

Population viability analysis has been used to 
assess the potential effects of government pro- 
grams on desert tortoise populations (Doak et 
al., 1994) and to determine appropriate design 
of reserves for the species (U.S. Fish and Wild- 
life Service, 1994). However, our knowledge of 
natural demographic processes, which is essen- 
tial for accurate population viability models, is 
extremely limited. For example, estimates of fe- 
cundity of desert tortoises in wild populations 
are based almost entirely on the work of Turner 
et al. (1986); additional contributions to the lit- 
erature on this subject are sorely needed (Ger- 
mano and Bury, 1994). 
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Germano (1994a) reviewed the literature on 
size and age of first reproduction and mean 
clutch size and frequency of North American 
tortoises. Until the technique of radiography 
was used, the size at first reproduction for des- 
ert tortoises was considered to be >200 mm car- 
apace length (CL). With radiography, eggs have 
been detected in at least three desert tortoises 
<190 mm CL (Turner et al., 1986, unpubl. data; 
Germano 1994a). Germano (1994a) hypothe- 
sized that size at first reproduction may be even 
smaller because small desert tortoises have rare- 
ly been included in studies of fecundity. 

Until recently, external morphology was the 
only criterion available to researchers for distin- 
guishing the sexes of desert tortoises. The di- 
agnostic characters do not adequately develop 
in desert tortoises until individuals are approx- 
imately 180 mm CL (Germano, 1994a). Thus, in- 
cluding smaller animals in a study of fecundity 
would result in uncertainty if they did not re- 
produce because the sex of the animals would 
not be known. Recently, techniques for sexing 
live tortoises as small as hatchlings were pub- 
lished (Rostal et al., 1994b), and determination 
of a more definitive size at first reproduction is 
now possible. 

Clutch size is related to female body size in 
many species of turtles (Gibbons et al., 1982), 
including the desert tortoise (Turner et al., 
1986). Clutch frequency of desert tortoises also 
is thought to be related positively to female 
body size (Turner et al., 1986). Thus, annual fe- 
cundity (the product of clutch size and clutch 
frequency) should be related positively to fe- 
male size as well. 
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Turner et al. (1986) measured annual fecun- 
dity of desert tortoises, but only reported clutch 
size and frequency. The best variable to describe 
reproduction in life tables and population via- 
bility analyses is usually annual fecundity. Al- 
though studies are sometimes limited to calcu- 
lating this variable based on average clutch size 
and frequency, the best estimates are obtained 
from complete counts of annual egg production 
for individual tortoises. 

The primary objective of our study was to de- 
scribe annual fecundity of desert tortoises. In 
addition, we evaluated the relationships among 
female size, clutch size, clutch frequency, and 
annual fecundity. 

MATERIALS AND METHODS 

Study Area.-The study area was at Yucca 
Mountain, Nye County, Nevada (36?51'N, 
116?25'W; 1000-1500 m elevation). The site lies 
within 10 km of the northern edge of the desert 
tortoise's range (Rautenstrauch et al., 1994), 
along the western edge of the Nevada Test Site 
where other desert tortoise studies have been 
conducted (Medica et al., 1975; Nagy and Med- 
ica, 1986; Turner et al., 1987; Germano, 1988), 
and 240 km north-northwest of Goffs, Califor- 
nia, where Turner et al. (1986) conducted their 
study of desert tortoise reproduction. The area 
is dominated by many shrubs including Larrea 
tridentata, Lycium andersonii, Ephedra nevadensis, 
Ambrosia dumosa, Grayia spinosa, and Coleogyne 
ramosissima. Average annual precipitation is 14 
cm (U.S. Department of Energy Nevada Opera- 
tions Office, unpubl. data, 1960-1995), of which 
only one-third falls when desert tortoises are 
typically active (April-October). 

Field Techniques.-We tracked female desert 
tortoises from 1992 through 1995 using radio 
telemetry. We determined whether tortoises 
were female primarily by the lack of plastron 
concavity and secondarily by their smaller gular 
scutes, shorter tails, and lack of enlarged sub- 
dentary glands. Because these secondary sexual 
characteristics were not developed in the small- 
er animals, we confirmed the sex of all animals 
<200 mm CL by measuring testosterone levels 
in blood samples (Rostal et al., 1994a). We esti- 
mated the ages of tortoises when possible by 
counting growth annuli on one or two carapace 
scutes with well-defined annuli (Germano, 
1988). Captive desert tortoises may grow sev- 
eral annuli per year (Tracy and Tracy, 1995), but 
Germano (1988) found a high correlation be- 
tween the number of annuli and age in a pop- 
ulation near our study area. We used tree cali- 
pers to measure the CL along the midline of 
each tortoise just before hibernation in the year 
preceding the measurement of fecundity. 

We began collecting data on clutch size in 

1992 by monitoring tortoise movements using 
radio telemetry and thread trailers (Breder, 
1927), weighing tortoises to detect oviposition, 
and excavating nests found along the thread 
trail. This technique was not suitable for deter- 
mining annual fecundity because many nests 
were not found. Data from 1992 are included 
only for the range of clutch size. Beginning in 
1993, we used a series of x-rays to determine 
clutch size and annual fecundity. That year, a 
permit modification allowing radiography was 
not received until early June, after first clutches 
were oviposited. Our sample for annual fecun- 
dity that year was limited to those tortoises 
whose first nests were found using thread trail- 
ers and whose subsequent egg production was 
monitored using radiography. After May 1993, 
tortoises were captured in the morning, x-rayed 
at a hospital in Mercury, Nevada, and returned 
to the field within 4-8 h of capture. Exposure 
of x-rays was controlled with an automatic tim- 
er, with settings at 300 mA and 70 kV. 

We x-rayed each tortoise generally every 14 d 
from the first or second week in May through 
the first or second week in July, the period dur- 
ing which desert tortoises normally carry eggs 
(Grant, 1936; Stuart, 1954; Miller, 1955; Burge, 
1977; Turner et al., 1984, 1986). If we knew the 
date of oviposition for a tortoise (either through 
other techniques for ancillary studies or direct 
observation), we did not x-ray until 21 d after 
oviposition. All clutches should have been de- 
tected with this schedule of x-raying because 
tortoise eggs are detectable in x-rays for more 
than 14 d prior to ovipositing and subsequent 
clutches are not calcified sufficiently for detec- 
tion in radiographs for at least 9-10 d after ovi- 
position (Turner et al., 1986). We decided when 
to stop x-raying each tortoise based on the num- 
ber and timing of clutches. We monitored tor- 
toises that produced no eggs until at least 20 
June. We monitored tortoises that had only one 
clutch for a second clutch by x-raying at least 
until 14-21 d after oviposition, but usually lon- 
ger. Likewise, we monitored nearly all tortoises 
with two clutches 14-21 d after the second 
clutch to detect potential third clutches. 

Analysis of Annual Fecundity.-We compared 
fecundity among years using repeated mea- 
sures analysis of variance. Only tortoises mon- 
itored each year could be included in this test. 
Sample size for the comparison of 1993, 1994, 
and 1995 was low (N = 10). Thus, we repeated 
this analysis using data from 25 tortoises x- 
rayed in 1994 and 1995 for a more powerful 
comparison of fecundity for these years. 

We described the relationship of mean annual 
fecundity to CL using simple linear regression. 
We used mean annual fecundity and mean CL 
for each tortoise to overcome the lack of inde- 
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pendence among the three years of data due to 
repeated measurements on some individuals. 
Thus, each tortoise was represented by a single 
datum in the regression. Although some tor- 
toises grew during the period, this approach 
was acceptable because growth of tortoises with 
data from multiple years was minimal (maxi- 
mum = 8 mm). When calculating mean annual 
fecundity for each tortoise we did not include 
data for years when a tortoise failed to repro- 
duce. 

Analysis of Clutch Size.-We compared mean 
clutch size among 1993, 1994, and 1995 using 
repeated measures analysis of variance. As in 
our analysis of annual fecundity, we repeated 
this analysis for the 25 tortoises measured in 
1994 and 1995. Next, we assessed the mean dif- 
ference in size of first and second clutches for 
tortoises that laid two clutches using a paired t- 
test. The differences in size of the first and sec- 
ond clutches for each tortoise were averaged 
across years to eliminate dependence. Finally, 
we assessed the effect of annual clutch frequen- 
cy on mean clutch size using analysis of covari- 
ance with mean CL as the covariate. Some tor- 
toises produced both one and two annual 
clutches over the three-year study and thus 
were included in both samples. 

Analysis of Clutch Frequencies.-For each year, 
we compared the sizes of tortoises laying one 
and two clutches using a t-test. We also used a 
t-test to compare the date of oviposition of the 
first clutch between tortoises laying one and two 
clutches to see if timing of the first clutch was 
related to the number of annual clutches; this 
comparison was restricted to those tortoises for 
which date of oviposition was determined. 

Statistical Considerations.-We tested the as- 
sumption of normality using the Shapiro-Wilks 
test, for homogeneity of variances when appro- 
priate using Levene's test, and for sphericity for 
repeated measures designs using Mauchly's 
test. For regression and analysis of covariance, 
we plotted residuals to assess compliance with 
the assumptions of normality and homoscedas- 
ticity. For analysis of covariance, we tested the 
assumption of homogeneous slopes by evaluat- 
ing the interaction between the covariate and 
the factor of interest using analysis of variance. 
We computed all statistical tests using SYSTAT 
for Windows, version 5 (SYSTAT, Inc.), and/or 
SPSS for Windows, release 6.0 (SPSS, Inc.), and 
we used ct = 0.05 to determine if departures 
from the null hypothesis were significant. 
Means are reported - 1 SE. 

RESULTS 

The study was conducted during a wet cli- 
matic period; three of the five wettest years 
since 1960 were 1992, 1993, and 1995. Table 1 

TABLE 1. Annual precipitation and grass and forb 

production at Yucca Mountain, Nevada, 1992-1995. 

Precipitation Grass and forb 
Year (cm) production (g/m2) 

1992 26.9 44.8 
1993 26.6 37.1 
1994 11.7 4.4 
1995 26.1 35.7 

lists annual precipitation and estimates of an- 
nual forb and grass production from nearby ar- 
eas during 1992-1995 (U.S. Department of En- 
ergy Nevada Operations Office, unpubl. data). 

Minimum Size and Age of Reproduction.-We 
determined annual fecundity of 10 tortoises in 
1993 (221-263 mm CL), 35 tortoises in 1994 
(164-276 mm CL), and 38 tortoises in 1995 (169- 
274 mm CL). The smallest female to reproduce 
in our study was 209 mm CL. Eleven smaller 
female tortoises (164-207 mm CL) did not re- 
produce; five were x-rayed in both 1994 and 
1995 and the others in only one year. These tor- 
toises were estimated to be 15-26 yr old (mean 
= 19.6 + 1.1 yr) the last year x-rayed. We were 
unable to monitor any tortoise over multiple 
years as it grew from <207 mm CL (the maxi- 
mum pre-reproductive size that we found) to 
>209 mm CL. 

All tortoises -209 mm CL produced eggs in 
at least one year. We could estimate the age of 
only three of these tortoises because the others 
had scutes too worn for counting annuli. The 
first year these tortoises were x-rayed, they were 
237, 237, and 239 mm CL, and 20, 22, and 25 yr 
old, respectively. 

Annual Fecundity.-Annual fecundity of tor- 
toises -209 mm CL ranged from 0 to 16 eggs. 
Mean annual fecundity increased with female 
size (adjusted R2 = 0.400, F,30 = 21.66, P < 
0.001; Fig. 1). The regression equation (Fig. 1) 
predicted an annual fecundity of three eggs for 
a 208 mm CL tortoise, and an increase of one 
egg for each 7 mm increase in CL. Mean CL of 
tortoises was 247.4 + 2.5 mm, and mean annual 
fecundity was 8.2 + 0.5 eggs. Predicted annual 
fecundity for a 247 mm CL tortoise was 8.2 
eggs; the correspondence between predicted 
and observed average fecundity is due to the 
even distribution of tortoise sizes in the sample. 

Annual fecundity did not differ during 1993- 
1995 (F2,18= 0.59, P = 0.57). This result was not 
just an artifact of small sample size; mean an- 
nual fecundity for the 10 tortoises sampled all 
years differed by less than one egg (7.9 + 0.8 
eggs in 1993, 7.1 ? 0.4 eggs in 1994, and 7.4 - 
0.9 eggs in 1995). When a larger sample of 25 
tortoises was used to compare annual fecundity 
between 1994 and 1995, there was still no dif- 
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FIG. 1. Relationship between mean annual fecundity of desert tortoises and mean carapace length (CL) at 
Yucca Mountain, Nevada, 1993-1995, and for Goffs, California, 1983-1985 (Turner et al., 1986). Yucca Mountain 
annual fecundity = -24.916 + (0.134 x CL), adjusted R2 = 0.400, F,, = 21.66, P < 0.001. Goffs annual 
fecundity = -19.727 + (0.131 x CL), adjusted R2 = 0.553, F26 = 34.40, P < 0.001. 

ference (F1,24 = 1.43, P = 0.24, mean = 7.7 + 0.7 

eggs in 1994 and 6.7 + 0.7 eggs in 1995). 
Clutch Size.-Clutch size ranged from 1 to 10 

eggs. Mean clutch size did not differ during 
1993-95 for the 10 tortoises measured all three 
years (F218 = 0.45, P = 0.64). However, mean 
clutch size differed between years for the 25 tor- 
toises measured in 1994 and 1995 (F1,24 = 4.29, 
P = 0.049). Mean clutch size for the 10 tortoises 
sampled in all three years was 4.5 + 0.4 eggs in 
1993, 4.8 ? 0.3 eggs in 1994, and 4.8 ? 0.5 eggs 
in 1995. Mean clutch size for the 25 tortoises 
sampled in 1994 and 1995 was 5.2 ? 0.3 eggs 
and 4.4 + 0.4 eggs, respectively. 

For tortoises that had two clutches, mean size 
of the first and second clutches did not differ (t 
= 1.01, 22 df, P = 0.32, means = 5.1 ? 0.3 eggs 
and 4.8 ? 0.4 eggs, respectively). 

Mean clutch size of tortoises that laid a single 
clutch was larger than that of tortoises with two 
clutches (F,,38 = 8.31, P = 0.006, Fig. 2). The ad- 

justed mean clutch size (i.e., predicted mean for 
the covariate mean of 247 mm CL) of tortoises 
having one and two clutches was 5.7 ? 0.2 eggs 
and 4.8 ? 0.2 eggs, respectively. 

Clutch Frequency.-Tortoises that laid a single 
clutch did not differ in size from tortoises that 
laid two clutches (1993: t = -1.27, 8 df, P = 

0.24; 1994: t = -0.83, 26 df, P = 0.41; 1995: t = 

-1.19, 24 df, P = 0.25). Mean clutch frequencies 
were nearly identical for the ten tortoises sam- 
pled all three years (1.7, 1.6, and 1.7) and the 25 
tortoises sampled in 1994 and 1995 (1.4 both 
years). The mean clutch frequency for all tor- 
toises monitored during the three years was 1.5. 
The frequency of tortoises -209 mm CL pro- 

ducing no eggs in a year was 0 of 10 in 1993, 1 
of 29 in 1994, and 2 of 28 in 1995. 

Timing of oviposition of the first clutch dif- 
fered between tortoises with one and two 
clutches in 1994 only (1993: t = 1.70, 8 df, P = 
0.13; 1994: t = 5.02, 16 df, P < 0.001; 1995: t = 
-0.08, 13 df, P = 0.94). That year, tortoises that 
laid two clutches oviposited their first clutch an 
average of 14 + 2.8 d earlier than tortoises with 
one clutch. 

DISCUSSION 

The x-ray technique worked extremely well in 
this study. Shells of all eggs within a clutch ap- 
peared to calcify synchronously, and even x-rays 
of eggs at the earliest detectable stage revealed 
complete counts of clutch size. This contrasts 
with what Turner et al. (1986) found, but may 
be due to differences in x-ray equipment. 

Minimum Size and Age of Reproduction.-Min- 
imum size of reproduction was 209 mm CL. 
This is 20-33 mm larger than that found by Tur- 
ner et al. (1986) and Germano (1994a). However, 
Turner et al. (unpubl. data) x-rayed four tor- 
toises between 182 and 186 mm CL that did not 
reproduce. This pattern of a few individuals re- 
producing at smaller sizes has also been ob- 
served in the slider turtle (Trachemys scripta) 
(Gibbons and Greene, 1990). The variation in 
size at first reproduction may be due to body 
condition (see Determinants of Clutch Size and 
Frequency below). 

Desert tortoises are estimated to reach 190 
mm CL (approximately the minimum size at 
maturity for female desert tortoises found by 
Turner et al. [1986]) between 10 and 21 yr of 
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age Germano (1994b). In the only comparison 
of age at maturity for desert tortoises across 
their range, tortoises from the northern Mojave 
Desert grew slowest and tortoises from the 
western Mojave Desert grew fastest (average 
age to reach 190 mm CL = 16.7 yr and 12.8 yr, 
respectively; calculated from Fig. 7 of Germano 
[1994b]). A high-quality diet can result in desert 
tortoises growing to 190 mm CL in as few as 
two years (Jackson et al., 1976). Thus, growth is 
influenced by the quality of forage available for 
tortoises, and the age of first reproduction may 
vary considerably within subpopulations as well 
as throughout the range of the desert tortoise 
(e.g., Germano [1994b]). 

Germano's (1994b) estimate of 16.7 yr for the 
average age of first reproduction for desert tor- 
toises in the northern Mojave Desert assumed 
that desert tortoises reproduce at a size of 190 
mm CL. It would take a desert tortoise approx- 
imately three more years to reach a size of 209 
mm CL, the minimum size of reproduction 
found in our study (Turner et al., 1987; Ger- 
mano, 1994b). This would result in an estimated 
average age of first reproduction of 19-20 yr, 
which corresponds with findings from our 
study. The geographic pattern and specific ages 
of first reproduction in the desert tortoise are 
identical to those found for the gopher tortoise 
(Gopherus polyphemus, Table 3 of Germano 
1994a), with northern populations of both spe- 
cies requiring an average of five to six years lon- 
ger to reproduce relative to southern popula- 
tions. 

Comparison of Annual Fecundity.-We reana- 
lyzed data from Goffs, California (Turner et al., 
1986), so we could compare annual fecundity 
between the two studies. We described the re- 
lationship between annual fecundity and CL for 
these data using simple linear regression exactly 
as done with our data. 

Tortoises in the California study were smaller 
than those in our study (mean = 211.4 ? 3.1 
mm CL versus 247.4 + 2.5 mm CL), but mean 
annual fecundity did not differ (8.0 + 0.5 eggs 
in California versus 8.2 ? 0.5 eggs, Fig. 1). The 
slopes for the regressions of the two sets of data 
were similar (F,56 = 0.006, P = 0.938; Fig. 1), 
and annual fecundity differed tremendously be- 
tween the two sites for tortoises of the same size 
(analysis of covariance, F,,57 = 28.77, P < 0.001). 
Predicted annual fecundities for the overall 
mean-sized tortoise (adjusted mean) were 10.5 
? 0.5 eggs for Goffs and 6.0 ? 0.5 eggs for our 
study. Using a common slope for the two re- 
gression equations, we determined that the an- 
nual fecundity of desert tortoises at Goffs was 
equivalent to tortoises at Yucca Mountain that 
were 34 mm CL larger. 

Determinants of Clutch Size and Frequency.-Al- 

though precipitation and herbaceous production 
were greater in 1995 than in 1994 (Table 1) 
clutch size decreased. This suggests that egg 
production may be influenced by environmental 
conditions of the preceding year. Ovarian folli- 
cles of desert tortoises mature to near-ovulatory 
size from July to October (Rostal et al., 1994a). 
Based on this, we suggest that body condition 
(i.e., stores of water, protein, and to a lesser ex- 
tent, lipids [Henen, 1997]) during July to Octo- 
ber may determine the potential number of fol- 
licles for ovulation and thus the potential num- 
ber of eggs produced the following spring. 
However, the proportion of these follicles that 
ovulate is probably influenced by body condi- 
tion immediately before ovulation. Enlarged fol- 
licles that are not ovulated become atretic im- 
mediately following the nesting season (Rostal 
et al., 1994a). 

Production of multiple clutches requires 
growth of an adequate number of follicles dur- 
ing July-October and maintenance of remaining 
follicles during the spring while the first clutch 
is ovulated, shelled, and retained in the body 
prior to oviposition. This may explain why only 
in 1994, a year of poor herbaceous production, 
there was a difference in timing of first clutches 
between tortoises that had one and two clutch- 
es. Perhaps under these conditions tortoises that 
delayed reproduction were constrained to hav- 
ing only a single clutch because they could not 
maintain follicles for a second clutch. 

Desert tortoises can store water, energy, and 
protein from one year and then forfeit body con- 
dition the following year to produce eggs (He- 
nen, 1994, 1997). Thus, egg production for an 
individual tortoise in a given year is dependent 
on the extent to which body condition was for- 
feited for egg production during the previous 
year and availability of forage and drinking wa- 
ter during the periods of follicular growth and 
maintenance (Henen, 1997). 

In addition to egg production, growth is an- 
other highly variable energy expenditure for 
desert tortoises. Growth and egg production are 
processes competing for available energy and 
water. Given that desert tortoises will forfeit 
body condition to produce eggs (Henen, 1994), 
we suspect that the nutrients apportioned to 
growth may be the surplus after egg produc- 
tion. Thus, if few or no follicles grow during the 
summer and fall of one year, a tortoise may be 
able to grow much more than average the fol- 
lowing year. For example, the outlier in Fig. 2 
for a 237 mm CL tortoise that produced a single 
clutch of only three eggs grew much more than 
average (15 mm CL in one year). In addition, 
the largest tortoise that did not reproduce in 
this study grew tremendously (from 207 mm 
CL and 1294 g to 228 mm CL and 2229 g in 
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FIG. 2. Relationship between clutch size (CS) and female carapace length (CL) at Yucca Mountain, Nevada, 
1993-1995. Tortoises with two clutches had smaller clutches than those with one clutch and are shown sepa- 
rately. Single clutches: CS = -9.380 + 0.061CL, adjusted R2 = 0.570, F, 6 = 23.58, P < 0.001; Double clutches: 
CS = -11.954 + 0.068CL, adjusted R2 = 0.322, F,1 = 11.43, P = 0.003. CS and CL were averaged for females 
measured more than one year. 

1995). Though this is speculative, it provides hy- 
potheses for future research. 

Production of multiple clutches within a year 
is very important in desert tortoise life histories. 
Desert tortoises with two clutches produce 
smaller clutches than tortoises with a single 
clutch (Turner et al., 1986; this study), but have 
a much higher annual fecundity. Future studies 
should report the relationship between annual 
fecundity and tortoise size if it was determined. 
If the objective of a study is to describe demo- 
graphics, emphasizing annual fecundity over 
clutch size and frequency will provide more 
useful data for development of demographic 
models for both life history analysis and con- 
servation. 
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