
Herpetological Conservation and Biology 9(3):495−501. 
Submitted: 18 February 2014; Accepted: 10 June 2014; Published: 31 December 2014. 

495 
 

 

FILLING GAPS IN LIFE-HISTORY DATA: CLUTCH SIZES FOR 21 

SPECIES OF NORTH AMERICAN ANURANS 
 

JOSEPH C. MITCHELL1,3 AND CHRISTOPHER A. PAGUE2 

 
1Florida Museum of Natural History, University of Florida, Florida, 32611, USA 

2The Nature Conservancy, 2424 Spruce St., Boulder, Colorado 80302, USA 
3Corresponding author, e-mail: dr.joe.mitchell@gmail.com 

 
Abstract.—Lack of demographic information on North American anurans weakens the ability of amphibian biologists to 
ask basic ecological and evolutionary questions about this declining group of vertebrates.  Accurate data on clutch sizes 
are required for assessments of geographic variation in this life-history trait and an understanding of environmental (e.g., 
climate change) and genetic impacts on demography among populations.  We quantified the number of eggs in 469 
clutches for 21 of the 27 species of anurans that occur in Virginia.  Clutch sizes ranged from 116 in Pseudacris ocularis to 
16,536 in Anaxyrus terrestris.  Maximum clutch sizes for 11 species exceeded the maximum number reported in the 
literature.  Relationships of clutch size to maternal body size were not significant for seven species (Gastrophryne 
carolinensis, Hyla cinerea, Hyla femoralis, Hyla squirella, Pseudacris brimleyi, Pseudacris crucifer, Pseudacris feriarum), 
possibly because of small sample sizes, but correlations for Anaxyrus americanus, A. terrestris, and Lithobates sylvaticus 
were significantly positive.  Maternal body size explained 41% to 73% of the variation in clutch size in these latter three 
species with positive correlations.  Demographic data from several locations within the ranges of widespread North 
American anurans would allow assessment of sources of environmentally and genetically induced geographic variation in 
life-history traits, including clutch size.  Studies of anuran natural life histories are urgently needed despite the fact that 
such studies are not in vogue or supported by most academic institutions and funding agencies. 
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INTRODUCTION 

 
Elucidation of life-history patterns requires 

information on traits such as clutch and egg size, annual 
clutch frequency, fecundity, age and size at maturity, 
age-specific reproductive effort, neonate size, and 
survivorship (Stearns 1976, 1977; Roff 1992).  Variation 
in these traits for ectotherms is influenced strongly by 
geographic variation in environmental conditions.  
Amphibian populations at higher elevations and latitudes 
generally have shorter breeding seasons, longer larval 
periods, larger size at metamorphosis, relatively larger 
adults that reach reproductive maturity at older ages, 
produce smaller clutches relative to body size, and have 
larger eggs compared to populations at lower elevations 
and latitudes (Atkinson 1994; Berrigan and Charnov 
1994; Morrison and Hero 2003).  Life-history 
information on North American anurans is often 
inadequate or missing altogether, even for species 
considered common, to determine if such patterns can be 
considered generalizations (Dodd and Franz 1993; 
Lannoo 1998; Wells 2007).  A review by Morrison and 
Hero (2003) included only 13 published studies 
comparing life-history traits in high and low elevation 
populations among amphibians worldwide.  Only three 
species of anurans and two species of salamanders were 

included from North America despite relatively high 
levels of diversity within these groups.  

Dodd (2013:pp. xxv) noted that “the basis for many 
reported life-history traits rested on little empirical data.”  
Life-history traits have been documented in several 
locations for some widespread species such as 
Lithobates catesbeianus, Lithobates sylvaticus, and 
Pseudacris crucifer.  However, little to no data are 
available for other widespread species such as Acris 
crepitans (Bayne 2004), Spea multiplicata (Woodward 
1987), and Lithobates blairi (Dodd 2013).  Clutch data 
for most species are included in fewer than five 
references.  There is only one reference for each of 34 
species and none for 15 species, representing almost half 
of the North American frog fauna (Crother 2012).  
Moreover, clutch data for some species may not be 
accurate due to geographic bias (Dodd 2013).  Because 
geographic variation in anuran life-history attributes and 
varying techniques used to assess clutch size may 
introduce additional variation, amphibian ecologists are 
left with a limited understanding of the basic ecology 
and life-history evolution of these amphibians.  

During our fieldwork on amphibians in Virginia in the 
1970s and 1980s, we accumulated counts of the number 
of eggs in clutches oviposited by females of 21 species 
of anurans.  The preliminary report of clutch sizes in 
nine Virginia anurans in Mitchell (1986) used 
approximated numbers based on some of the data in this 
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paper.  We re-examined our field notes, and those of 
others available to us, for clutch data and where possible 
the sizes of the females that produced them.  This paper 
summarizes our results on clutch size and relationships 
of clutch size to female body size for species with 
sample sizes greater than or equal to eight that include 
measurements of female body size.  We briefly review 
the difficulties of obtaining clutch size data for some 
species and show that different techniques may yield 
different results that affect accurate assessments of 
geographic variation in this life-history trait. 

 
METHODS 

 
We obtained clutch sizes for 21 of the 27 species of 

anurans that occur in Virginia (Mitchell and Reay 1999; 
Beane et al. 2010) from a variety of locations east of the 
Blue Ridge Mountains between 1979 and 1986.  We 
obtained clutch data for most species from locations in 
the Richmond area southeastward to the Atlantic Coast 
in the Coastal Plain Physiographic Province.  Data for 
Hyla versicolor were obtained in Amherst County, 
Virginia, at the western edge of the Piedmont 
Physiographic Province, and for Lithobates sylvaticus in 
Prince William County in the northern part of the state at 
the eastern edge of the Piedmont.  Except for the two 
species of Acris that were captured along lake margins, 
we obtained all clutches from anurans inhabiting 
ephemeral wetlands (e.g., vernal pools, road rut pools, 
road-side ditches).  We captured pairs of males and 
females in amplexus or separately prior to oviposition 
and placed them in buckets or large (25 × 45 cm) 
individual plastic bags (when buckets were unavailable 
in the field) with a small amount of water from the 
original breeding pond following the technique 
pioneered by Collins (1975).  We added twigs to buckets 
and bags for clutch attachment sites.  Bags were left 
overnight while floating on the water or adjacent to the 
site on land during which time most of the pairs 
oviposited eggs.  We used this technique for all but one 
species.  We collected single clutches of Lithobates 
sphenocephalus eggs within one to two days of 
oviposition from temporary ponds and pools.  Egg 
counts in these egg masses should be accurate estimates 
of clutch size because female L. sphenocephalus in 
Virginia lay their eggs in single, clear gelatinous masses 
often unattached to vegetation (pers. obs.).  We never 
found smaller egg masses adjacent to the larger masses 
as was noted by Dodd (2013) for this species in some 
locations.  We, therefore, assumed a single egg mass of 
this species represented the female’s entire clutch in 
Virginia. 

We counted the number of eggs in several of the 
clutches immediately following oviposition (Anaxyrus 
terrestris, Pseudacris kalmi, Pseudacris ocularis).  
However, we preserved clutches for 15 species (Acris 

crepitans, Acris gryllus, Anaxyrus fowleri, Gastrophryne 
carolinensis, Hyla chrysoscelis, Hyla cinerea, Hyla 
femoralis, Hyla gratiosa, Hyla squirella, Hyla 
versicolor, Lithobates palustris, Pseudacris brimleyi, 
Pseudacris crucifer, Pseudacris feriarum, and 
Scaphiopus holbrookii) in 10% formalin and stored them 
for examination in the laboratory.  We used both 
techniques to process clutches for three species 
(Anaxyrus americanus, Lithobates sphenocephalus, 
Lithobates sylvaticus).   We counted the total number of 
eggs in all clutches except for A. terrestris.  We obtained 
the number of eggs for A. terrestris clutches by counting 
oviposited eggs in 10–15 ml of egg mass after straining 
to remove water and volumetrically estimating the 
number of remaining eggs.  We measured snout-vent 
(SVL) lengths of some of the females of most species to 
the nearest mm.  Measurements of the female parent 
were not available for seven species.  Regression 
statistics follow Zar (2009) and we calculated them 
using SigmaPlot 12.3® (Systat Software, Inc., San Jose, 
California, USA).  Significance-level was set at α = 0.05. 

 
RESULTS 

 
Clutch size of 469 clutches for the 21 species studied 

ranged from 116 in Pseudacris ocularis to 16,537 in 
Anaxyrus terrestris (Table 1).  Twelve of the 21 species 
of anurans for which we had data on clutch size also had 
corresponding measurements of maternal body size for 
at least a portion of the sample.  We used samples of ≥ 8 
were available for nine species in the analyses, whereas 
we considered samples of ≤ 6 for three species too small.  
The relationship of clutch size to maternal SVL was not 
significant for Gastrophryne carolinensis (F2,7 = 3.773, 
P = 0.093, n = 9), Hyla cinerea (F2,7 = 2.71, P = 0.131, n 
= 12), Hyla femoralis (F2,17 = 0.770, P = 0.394, n = 19),  
Hyla squirella (F2,4 = 0.640, P = 0.468, n = 9), 
Pseudacris brimleyi (F2,2 = 2.98, P = 0.481, n = 4),  
Pseudacris crucifer (F2,21 = 3.09, P = 0.093, n = 24), and 
Pseudacris feriarum (F2,6 = 1.29, P = 0.299, n = 8).  
Relationships for three species were positive and 
significant (Fig. 1): Anaxyrus americanus (F2,5 = 13.68, 
P = 0.014, n = 8), A. terrestris (F2,16 =39.86, P < 0.001, n 
= 25), and Lithobates sylvaticus (F2,50 = 34.77, P < 
0.001, n = 52).  Regression equations for A. americanus 
were clutch size = 249.8 SVL–15463.6, r2 = 0.73, n = 8, 
for A. terrestris clutch size = 349.0 SVL–19579.9, r2 = 
0.63, n = 25, and for L. sylvaticus clutch size = 19.6 SVL 
– 469.2, r2 = 0.41, n = 52. 

  
DISCUSSION 

 
The 21 species with clutch data that we analyzed 

represent 78% of the entire Virginia frog fauna and 21% 
of the North American frog fauna (Mitchell and Reay 
1999; Dodd 2013).  We were unable to acquire clutch  
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data for six species that occur in the state:  Anaxyrus 
quercicus, Lithobates clamitans, L. catesbeianus, L. 
virgatipes, Pseudacris brachyphona, and P. nigrita 
(Mitchell and Reay 1999; Beane et al. 2010).  Maximum 
clutch sizes we report for 11 species from Virginia 
(Acris gryllus, Anaxyrus terrestris, Gastrophryne 
carolinensis, Hyla cinerea, H. femoralis, H. squirella, 
Pseudacris brimleyi, P. crucifer, P. feriarum, P. kalmi, 
Scaphiopus holbrookii) exceed the maximum number 
reported in the literature (Mitchell 1986; Dodd 2013 and 
references therein).  We report the first known clutch 
size for P. ocularis.  The only clutch size reported in the 
literature for A. terrestris (2,888; Wright 1932) is 
slightly higher than the minimum reported here.  The 
maximum clutch size for A. terrestris in Virginia 
(16,537) is comparable to reported maximum counts for 
two other similar-sized bufonids that occur in the state: 
A. americanus (15,835; Miller 1909) and A. fowleri 
(15,618; Trauth et al. 1990).  Maximum clutch sizes 
known for A. americanus and A. fowleri in Virginia are 
half of the reported maxima in Arkansas and 
Massachusetts (Miller 1909, Trauth et al. 1990).  
Maximum number of eggs in post-oviposition egg 
masses for L. sphenocephalus is larger than the 

maximum number for egg masses in Arkansas (Trauth et 
al. 1990).  The range of clutch sizes for L. sylvaticus in 
Virginia are within published ranges for Alaska, 
Arkansas, and Colorado, but the maximum is larger than 
those reported for Alabama, Georgia, Illinois, and 
Tennessee (Dodd 2013 and references therein).  Clutch 
sizes for Virginia A. crepitans, H. chrysoscelis, H. 
gratiosa, H. versicolor, and L. palustris are within 
published data (Dodd 2013). 

The relationship of clutch size to female body size was 
significantly positive for A. americanus, A. terrestris, 
and L. sylvaticus.  Of the species included in this paper, 
positive correlations of clutch size to maternal body size 
has been reported for A. americanus, A. fowleri, H. 
chrysoscelis, L. palustris, L. sphenocephalus, P. crucifer, 
and P. feriarum (Oplinger 1966, Clarke 1974, Howard 
1988, Ritke et al. 1990, Trauth et al. 1990).  Lack of 
positive correlations have been documented for H. 
femoralis in Florida (Delis 2001), and G. carolinensis, 
H. femoralis and P. crucifer in Arkansas (Trauth et al. 
1990).  We found no positive correlations for these 
species in Virginia.  Detection of a positive relationship 
between clutch size and female body size is influenced 
by female size and age, health, genetics, environmental 

 
TABLE 1. Female snout-vent length (SVL) and descriptive statistics of clutch size for 21 species of frogs in Virginia.  Sample sizes (n) are 
followed by x̅ ± SE and range.  Clutch data for L. sphenocephalus represent egg mass counts. 
 

Species  n Female SVL n Clutch Size 
     

Acris crepitans    2 188–196 

Acris gryllus  6 24.40 ± 0.60, 22–26 9 170.33 ± 25.65, 109–340 

Anaxyrus americanus  8 77.13 ± 1.70, 71–85 17 3,920.35 ± 319.16, 2,273–6,140 

Anaxyrus fowleri —  8 4,578 ± 614.50, 2,662–7,742 

Anaxyrus terrestris 25 72.76 ± 1.68, 58–94 51 5,513.13 ± 484.30, 1,704–16,537 

Gastrophryne carolinensis 9 28.83 ± 0.52, 27−31  35 820.74 ± 68.59, 208–1,614 

Hyla chrysoscelis  —  30 1,916.07 ± 79.84, 832–2,667 

Hyla cinerea 13 41.85 ± 1.45, 35–49 41 1,271.71 ± 55.07, 689–2,228 

Hyla femoralis 19 34.88 ± 0.33, 32–37  65 1,289.66 ± 43.83, 701–2,086 

Hyla gratiosa 3 62.33 ± 1.86, 60–66 4 2,728 ± 65.62, 2,646–2,923 

Hyla squirella  9 32.12 ± 0.52, 29–34 8 1,076.38 ± 230.15, 392–2,081 

Hyla versicolor  —  4 2,200.00 ± 22.75, 2,159–2,257 

Lithobates palustris   1 1,413 

Lithobates sphenocephalus —  35 1,766.07 ± 148.68, 898–3,509 

Lithobates sylvaticus  52 57.66 ± 0.65, 44–67 56 658.04 ± 18.80, 333–929 

Pseudacris brimleyi 5 27.92 ± 26.34, 25–31 5 245.20 ± 27.75, 170–324 

Pseudacris crucifer 24 30.66 ± 0.57, 25–34 72 889.34 ± 38.23, 242–1,648 

Pseudacris feriarum 8 31.80 ± 0.82, 28–34 12 441.314 ± 50.26, 197–835 

Pseudacris kalmi —  3 923.67 ± 182.60, 573–1,187 

Pseudacris ocularis  —  1 116 

Scaphiopus holbrookii —  10 2,518.70 ± 374.00, 1,177–5,395 
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factors, and sample size (Perrill and Daniel 1983; Wells 
2007).  Our sample sizes for three species with 
corresponding female body sizes (A. gryllus, H. gratiosa, 
P. brimleyi) may have been too small to detect positive 
relationships (but see Wood et al. 2014). 

Accurate clutch sizes may be difficult to obtain in the 
field for some species because of sensitive behavioral 

and physiological characteristics (e.g., Lithobates 
catesbeianus, Lithobates clamitans) or the technique 
used (Collins 1975; Dodd 2013).  Because counting 
hundreds or thousands of eggs in a single clutch is 
tedious and time consuming, some researchers have 
counted a sample of enlarged ovarian eggs in museum 
specimens or eggs in ovulated clutches and then 
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FIGURE 1. Relationship of clutch size and maternal body size for Anaxyrus americanus, Anaxyrus terrestris, and Lithobates sylvaticus from 
Virginia, USA. See results for statistical analysis. 
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extrapolated the number for the entire clutch by mass or 
volumetric displacement (e.g., Barbour and Walters 
1941; Gosner and Rossman 1959; Brugger 1984; 
Woodward 1987; Trauth 1989).  Others have caught 
amplectant pairs in the field and allowed them to 
oviposit in a bucket (Gunzberger 2006) or mated field-
caught individuals in the laboratory and counted the eggs 
(Collins 1975; Berven 1982, 2009).  Clutches obtained 
from pairs already in amplexus when captured may not 
represent the entire compliment because some eggs may 
have already been deposited.  This is especially true of 
hylids and the one microhylid that lay eggs singly or in 
small clusters (e.g., H. femoralis, Altig 1972; P. 
brachyphona, Barbour and Walters 1941; Mitchell and 
Pauley 2005; P. crucifer, Minton 2001; Klemens 1993).  
The lowest counts for G. carolinensis and H. squirella 
reported in this paper may be inaccurate for this reason.   

Complete counts of eggs in oviposited clutches, rather 
than counts based on extrapolations or the number of 
enlarged ovarian eggs in preserved specimens, increases 
the accuracy of clutch size data.  Counts of enlarged 
follicles in specimens may overestimate clutch size if 
some of the eggs are retained or ovulated in a second 
clutch (Wells 1976; Perrill and Daniel 1983).  The 
ecologically relevant clutch size is the number actually 
oviposited.  Accurate clutch size data provide a crucial 
element for calculation of age-specific reproductive 
effort, correlations with maternal age and size, and 
elucidation of geographic patterns in life histories.  
Because of the questionable accuracy of the counts in 
some anuran clutches, the conclusions by Wells (2007) 
about relationships of clutch size with body size among 
species in different reproductive modes would have been 
more robust if accurate counts based on adequate sample 
sizes in multiple populations had been available.  

Analyses of geographic variation in life-history traits 
provide important information relevant to questions 
about such topics as environmental or genetic 
adaptations to local environments, effect of shorter 
growth seasons in northern populations compared to 
southern populations, energetic allocation to clutch and 
egg size, fecundity versus growth, and how climate 
change may affect anuran demography.  Lack of 
demographic information on most North American 
anurans, as revealed by the paucity of accurate clutch 
size data (Dodd 2013), weakens our ability to ask basic 
evolutionary, adaptation, and conservation questions 
about this declining group of vertebrates.  Lizard 
ecologists are far ahead of amphibian ecologists on this 
topic.  For example, demographic studies of 14 
populations of the Eastern Fence Lizard (Sceloporus 
undulatus) throughout its range (e.g., Gillis and 
Ballenger 1992; Niewiarowski 1994) revealed 
environmental and genetic sources of variation in growth 
rates, age at maturity, body size, fecundity, and other 
life-history traits.  Northern populations are 

characterized by delayed maturity, large adult body size, 
larger clutches, and higher longevity, whereas early 
maturity, small adult body size, smaller clutches, and 
short longevity characterized southern populations 
(Niewiarowski 1994).  The contrasting characteristics 
described by Atkinson (1994), Berrigan and Charnov 
(1994), and Morrison and Hero (2003) for anurans at 
high and low elevations based on small numbers of 
studies appear to follow the same pattern.  Very few 
studies exist, however, on the influence of latitude on 
clutch size in North American anurans.  Morrison and 
Hero (2003) included one study of one Australian anuran 
(Geocrinia victoriana) that reported a decrease in clutch 
size with increasing latitude (Gollman and Gollman 
1996).  Larger clutches in high elevation populations of 
Pseudacris triseriata have been reported by Pettus and 
Angleton (1967) and for L. sylvaticus by Berven (1982) 
and Berven and Gill (1983).  In contrast, clutch sizes 
were the same for R. pretiosa populations at high and 
low elevations (Licht 1975).  The results for studies of 
clutch size and other life-history characters at different 
elevations in North America are mixed and require 
further study.  

Demographic data from several locations at different 
elevations and latitudes in the ranges of widespread 
North American anurans would allow assessments of 
sources of environmentally and genetically induced 
geographic variation in life-history traits, including 
clutch size.  Basic life-history data are essential for 
documentation and elucidation of the effects of climate 
change on anurans, especially at northern latitudes.  
Reproductive data may be particularly strong indicators 
of climate change for some widespread species (e.g., 
Hyla versicolor, Lithobates sylvaticus, Pseudacris 
crucifer), as is calling phenology for these species 
(Gibbs and Breisch 2001).  Studies of anuran natural 
histories from many geographic locations are urgently 
needed despite the fact that such studies are not in vogue 
or supported by most academic institutions and 
government agencies (Greene 1994, 2005; Pauley 2005; 
Dodd 2013).  Most publications containing clutch size 
data on the 21 species we studied were conducted before 
2000, suggesting this negative view of natural history 
research remains prevalent among many amphibian 
biologists. 
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