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An examination of 750 museum specimens of the Southern Leopard Frog (Lithobates sphenoceph-

alus) collected during 1938‐1989 from eastern Virginia (USA) provided comparative life‐history data 

from the northeastern portion of this species geographic range. Individuals were collected in all 

months except December. Testis size was largest and incidence of gravid females was highest dur‐

ing fall and spring. In both sexes, fat storage was lowest during late‐winter‐spring, which is indica‐

tive of increased activity and commencement of breeding. Incidence of food in stomachs was low‐

est in late winter and relatively high thereafter, especially in males. Geographic trends in five life‐

history traits were corroborated for the Southern Leopard Frog in this study, including breeding 

season, egg size, mean adult body size, sexual size dimorphism, and larval metamorphosis season. 

In response to hotter summers and milder winters, as predicted to occur with climate change, the 

reproductive characteristics for this species in Virginia will likely shift to resemble contemporary 

reproductive patterns of southern populations. 

Key words: anuran breeding; climate change; clutch size; geographic variation; life history; South‐

ern Leopard Frog. 

The Southern Leopard Frog, Lithobates 

sphenocephalus (Cope, 1886), is a geograph‐

ically widespread North American ranid 

that occurs throughout much of the south‐

eastern United States, extending as far 

west as eastern Kansas and eastern Texas 

(Conant  Collins, 1998). The extreme 

northeastern edge of its geographic range 

is found in southeastern Pennsylvania, 

New Jersey, and extreme southeastern 

New York (Butterfield et al., 2005). In Vir‐

ginia, this species is found along the east‐

ern portion of the Commonwealth and is 

largely absent from the higher elevations 

of the Appalachian Mountains in the West 

(Dodd, 2013). Although life‐history traits 

for this species are generally well‐studied 

(e.g. Trauth, 1989; Meshaka  Marshall, 
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2011; Mitchell  Pague, 2014), baseline 

data from populations in the northern 

parts of its distribution are lacking. 

The Southern Leopard Frog exhibits 

geographic trends in five life‐history traits, 

which are typical for a temperate‐latitude 

amphibian species. In general, breeding 

season of this species is longest in south‐

ern populations (Meshaka  Layne, 2015). 

Egg‐laying was found to be essentially 

continuous in Florida and Louisiana, with 

fall and spring peaks, especially during 

December to February, whereas breeding 

occurred during fall and / or spring and 

also in winter if temperatures were not too 

low elsewhere in its range (Meshaka  

Layne, 2015). In central Virginia, breeding 

was reported during late February or 

March‐April of a two‐year study and in 

September during one of the study years 

(Mitchell, 1986). Congeners of the South‐

ern Leopard Frog in the Lithobates pipiens 

complex were found to have produced 

larger eggs in populations occurring in the 

northern extent of their range (Moore, 

1949). Mean adult body size of the South‐

ern Leopard Frog was found to be smaller 

in northern populations and the degree of 

sexual size dimorphism (SSD) was also 

found to be greater at higher latitudes 

(Meshaka  Layne, 2015). Larval transfor‐

mation for the Southern Leopard Frog was 

found to have occurred within a similarly 

narrow season along the northern edges of 

its geographic range and longest in the 

South (Meshaka  Layne, 2015). In central 

Virginia, larval metamorphosis generally 

occurred during June‐early‐July, approxi‐

mately three months after breeding, or 

during 17 May‐23 June following Septem‐

ber breeding (Mitchell, 1986). Similarly, 

larval metamorphosis occurred during 

mid‐June‐July in Arkansas (Trauth et al., 

2004), mid‐June‐late July in Missouri, and 

June‐early‐July in Illinois (Smith, 1961). 

However, farther south in the Okefenokee 

Swamp of southeastern Georgia, larval 

metamorphosis was reported during April

‐October and was thought to have proba‐

bly been continuous (Wright, 1931). In 

southern Florida, larval metamorphosis 

occurred throughout the year (Meshaka  

Layne, 2015).  

For this study, we used a large series of 

museum specimens from eastern Virginia 

to test the geographic patterns associated 

with five life‐history traits, including 

breeding season, egg size, adult body size, 

sexual size dimorphism, and larval meta‐

morphosis season near the northeastern 

edge of the Southern Leopard Frog’s geo‐

graphic range. We also provide data on 

clutch characteristics, and age and body 

size at sexual maturity that we compare to 

those of other populations of the Southern 

Leopard Frog. Lastly, we speculate on fu‐

ture deviations in some life‐history charac‐

teristics as a biological response to project‐

ed global climate changes (e.g. Blaustein 

et al., 2001), particularly warming trends in 

northern latitudes and impacts of sea level 

changes on coastal regions in the eastern 

United States. 

Materials and Methods 

We examined 750 Virginia specimens 

of the Southern Leopard Frog, collected 

during 1938‐1989, from the holdings of the 

Carnegie Museum of Natural History in 

Pittsburgh, Pennsylvania. The specimens 

were collected during a 51‐year period 

from 22 counties along the eastern region 
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of Virginia (Fig. 1). Frog specimens repre‐

senting all major life‐history stages were 

examined, including adults, juveniles, 

newly metamorphosed juveniles, tadpoles, 

and egg masses. Of note was the regional 

emphasis of specimens originating from 

coastal areas, and in particular, Virginia’s 

portion of the Delmarva Peninsula, a bio‐

geographically and physiographically dis‐

tinct maritime province represented in our 

sample by Accomack and Northampton 

Counties (Fig. 1). 

Body lengths of all frog specimens 

were measured in snout‐vent length (SVL) 

to the nearest 0.1 mm using vernier cali‐

pers. To reduce some of the effect derived 

from preservation artifacts (Lee, 1982), all 

measurement data were recorded by the 

first author. Newly metamorphosed juve‐

niles were distinguished from tadpoles by 

the presence of forelimbs (Gosner stage 42) 

(Gosner, 1960) and distinguished from 

juveniles by the presence of a tail. Sexual 

maturity in males was determined by the 

presence of enlarged testes and thumbs 

(Meshaka, 2001). Length and width of the 

left testis as a percent of the body size 

(SVL) was used to provide a measure of 

male fertility (Meshaka, 2001). Incidence 

of males with enlarged thumbs also served 

Figure 1: Map of Virginia (USA) showing the counties of origin for the 750 museum specimens of 

the Southern Leopard Frog (Lithobates sphenocephalus) examined in this study, which are ar‐

chived at the Carnegie Museum of Natural History in Pittsburgh, Pennsylvania, USA.  
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as a measure of seasonal patterns of fertili‐

ty. Sexually mature females were associat‐

ed with one of four ovarian stages as per 

Meshaka (2001). In brief, for the first ovari‐

an stage, oviducts were thin and uncoiled, 

and the ovaries were somewhat opaque. In 

the second ovarian stage, the oviducts 

were larger and more coiled, and the ova‐

ries contained some pigmented oocytes. In 

the third ovarian stage, oviducts were 

thick and heavily coiled, and the ovaries 

were in various stages of clutch develop‐

ment. In the fourth ovarian stage, oviducts 

were thick and heavily coiled, and the ova‐

ries were full of polarized ova with few 

non‐polarized ova, signifying a fully de‐

veloped clutch and gravid female. 

A random subset of 11 gravid females 

was examined for clutch characteristics. 

Entire clutches were removed from the 

body cavity and gently patted with a pa‐

per towel to remove excess moisture. The 

entire clutch was massed on an electronic 

scale to the nearest 0.1 g. A counted subset 

of ova was massed and that mass was ex‐

trapolated to the weight of the entire 

clutch as an estimate of clutch size. From 

each of these 11 clutches, the diameters of 

10 randomly chosen ova were measured 

using an ocular micrometer; the largest 

ovum was used in comparative relation‐

ships with clutch size and female body 

size. The SSD was calculated by dividing 

the mean adult body size of males by that 

of females. 

Fat body development was scored as 

absent, intermediate in volume in the body 

cavity, to extensive development that ex‐

tended cranially within the body cavity. 

The latter amount was used as an estima‐

tion of the monthly incidence of extensive 

fat relative to all males and females exam‐

ined in each month. The presence of food 

in the stomach was used as an approxima‐

tion of the monthly frequency of individu‐

als that had been feeding for all males or 

females examined from each month. 

All quantitative graphics were pro‐

duced and statistical analyses conducted 

in Excel 2007 (Microsoft Inc., Redmond, 

Washington, USA). Means in our analyses 

are followed by ± 1 standard deviation. 

Figure 2: Monthly distri‐

bution of testis length and 

width as a percentage of 

body size, in mm of snout‐

vent length (SVL), in 100 

male Southern Leopard 

Frogs (Lithobates spheno-

cephalus) from eastern Virgin‐

ia (USA). 
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Sample means were compared using two‐

sample t‐tests (two‐tailed) with unequal 

variances; ANOVA F‐tests were used to 

compare variances between egg diameter 

samples; and Pearson Correlation for sta‐

tistical significance tests were used to ex‐

amine relationships between selected vari‐

ables. Statistical significance was recog‐

nized at a P‐value < 0.05. Data in our anal‐

yses met parametric assumptions and 

therefore did not require log‐

transformation or any other mathematical 

adjustment (Zar, 1996). The Virginia coun‐

ty map was produced using ArcGIS ver‐

sion 10.3 (ESRI, 2014). The map was then 

embedded within a digital art board using 

Adobe Illustrator (Version CS6; Adobe 

Systems Inc., San Jose, California, USA) 

and prepared into the final figure. 

Results 

Male reproduction 

The monthly distribution of testis 

length and width as a percentage of SVL 

was indicative of a steady decrease in tes‐

tis dimensions beginning in late winter 

and reaching minimal sizes by early sum‐

mer (Fig. 2). Testicular recrudescence was 

evident in September and October sam‐

ples. All males examined in this study pos‐

sessed enlarged thumbs. The monthly per‐

centage of males with extensive fat devel‐

opment during March‐October was lowest 

in March and April, and rapidly increased 

thereafter (Fig. 3). The monthly percentage 

of males containing food was lowest in 

March and increased steadily thereafter, 

peaking from July through October (Fig. 

3). 

Female reproduction 

Gravid females (ovarian stage 4) were 

present in each month during January‐

November except July (Fig. 4). Most grav‐

id females were found during September‐

March. The months having the lowest fre‐

quency of gravid females coincided with 

those having spent females (ovarian stage 

1) (Fig. 4), indicating an end to oviposition 

by early summer and a late‐summer‐fall 

commencement of egg production for re‐

production in the following late‐winter. To 

that end, egg masses were collected on 20 

February 1986, 14 March 1986, 8 March 

1987, and 14 March 1987. 

Figure 3: Monthly frequency of extensive fat 

in the body cavity and the presence of food (N 

= 99) in the stomach of (A) male (N = 107) and 

(B) female (N = 100) Southern Leopard Frogs 

(Lithobates sphenocephalus) from eastern Virginia 

(USA). 
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Clutch characteristics and fat cycles 

Eleven females (mean SVL = 68.6 ± 10.3 

mm; range = 46.9‐82.5) produced a mean 

estimated clutch size of 2100 ± 1050.5 eggs 

(range = 600‐3600). The relationship be‐

tween clutch size and female body size 

was positive and statistically significant 

(Pearson Correlation, R2 = 0.46, P = 0.02) 

(Fig. 5). The mean ovum diameter of 110 

ova from 11 gravid females measured 1.44 

± 0.173 mm (range = 1.1‐1.8). The relation‐

ships, however, between mean ovum size 

and female body size or between mean 

ovum diameter and clutch size were not 

statistically significant (Pearson Correla‐

tion, P > 0.05). 

Figure 4: Monthly ovarian 

cycle of 108 female South‐

ern Leopard Frogs 

(Lithobates sphenocephalus) 

from eastern Virginia 

(USA). Stage 1: thin un‐

coiled oviducts / ovaries 

opaque, Stage 2: large mod‐

erate coiled oviducts / ova‐

ries with oocytes, Stage 3: 

thick heavily coiled ovi‐

ducts / ovaries with multi 

stage oocytes, Stage 4: thick 

heavily coiled oviducts / 

most or all ova polarized. 

Figure 5: The relationship 

between clutch size and 

female body size, ex‐

pressed as snout‐vent 

length (SVL), in 11 female 

Southern Leopard Frogs 

(Lithobates sphenocephalus) 

from eastern Virginia 

(USA). 
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The highest incidence of extensive fat 

among sexually mature females was found 

in 67% of spent females (ovarian stage 1) 

(Fig. 6). No females beginning oogenesis 

(ovarian stage 2) contained extensive fat, 

and only 20% of nearly gravid (ovarian 

stage 3) and gravid (ovarian stage 4) fe‐

males contained extensive fat (Fig. 6), sug‐

gestive of fat depletion concomitant with 

clutch production. The frequency of fe‐

males containing food varied between 60 

and 78% among ovarian stages, the highest 

value occurring in spent females (Fig. 6), 

which represented the segment of the fe‐

male population having the maximum 

coelomic cavity space to hold food and the 

greatest immediate need for food. The 

monthly incidence of females containing 

extensive fat was lowest in March and 

May, overlapping with the egg‐laying sea‐

son, followed by an increase in June and a 

steady increase until a peak in the fall (Fig. 

3). With the exception of August, the low‐

est incidences of food occurred early and 

late in the active season (Fig. 3), when fe‐

males would be gravid, with little room for 

food, and cold, with little need for food. 

Growth and sexual maturity 

The smallest juveniles were captured 

on 27 September 1969 (20.5 mm SVL), 19 

July 1952 (21.5 mm SVL), and 26 July 1989 

(21.6, 21.9 mm SVL) (Fig. 7). The smallest 

juveniles collected before July, two meas‐

uring 27.7 mm SVL, were collected on 21 

June 1989. Three newly metamorphosed 

individuals, measuring 25.3, 28.3, and 28.7 

mm SVL, were collected on 26 July 1989.  

The monthly distribution of body sizes 

(Fig. 7) suggests that growth rate is ap‐

proximately 3 mm / month, and that males 

reached a minimum adult body size of 42.2 

mm SVL within three or four months of 

metamorphosis or early the following 

spring‐early‐summer at eight or nine 

months of post‐metamorphic age. Males 

reached their mean body size of 52.9 ± 5.8 

mm SVL (range = 42.2‐69.5; N = 109) as 

early as approximately 10‐11 months of 

post‐metamorphic age (Fig. 7). 

Figure 6: Frequency of ex‐

tensive fat and the presence 

of food in each of the four 

ovarian stages of 101 female 

Southern Leopard Frogs 

(Lithobates sphenocephalus) 

from eastern Virginia (USA). 

Stage 1: thin uncoiled ovi‐

ducts / ovaries opaque, 

Stage 2: large moderate 

coiled oviducts / ovaries 

with oocytes, Stage 3: thick 

heavily coiled oviducts / 

ovaries with multi stage 

oocytes, Stage 4: thick heavi‐

ly coiled oviducts / most or 

all ova polarized.  
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Mean adult body size of sexually ma‐

ture females was 63.8 ± 9.2 mm SVL (range 

= 45.6‐82.6; N = 108). The smallest females 

with yolking eggs measured 47.2 (ovarian 

stage 2) and 45.6 mm SVL (ovarian stage 

3). The smallest reproductively quiescent 

female (ovarian stage 1) measured 45.8 

mm SVL, and the smallest gravid female 

(ovarian stage 4) measured 46.9 mm SVL. 

Females would likely reach sexual maturi‐

ty no earlier than at eight months after 

metamorphosis and mean adult body size 

at 16 months. 

The mean body size, but not the vari‐

ance (F‐test, P > 0.05), of 66 gravid females 

(mean = 65.4 ± 8.8 mm SVL; range = 46.9‐

82.6) was significantly larger (t = 2.340, df = 

106, P = 0.02) than that of non‐gravid coun‐

terparts (mean = 61.2 ± 9.3 mm SVL; range 

= 45.6‐77.7; N = 42). Statistical significance 

was found in the differences in the vari‐

ance (F = 0.397, P < 0.001) and mean (t = ‐

10.465, df = 180, P < 0.001) between adult 

body sizes of males and females. 

Discussion 

The reproductive season of the South‐

ern Leopard Frog is known to vary geo‐

Figure 7: Monthly distribution of body sizes, expressed as snout‐vent length (SVL), of males (N = 

109), females (N = 108), juveniles (N = 530), and newly metamorphosed individuals (N = 3) of the 

Southern Leopard Frog (Lithobates sphenocephalus) from eastern Virginia (USA).  
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graphically, with northern populations 

breeding generally in the spring and 

southern populations breeding potentially 

at any time, especially in the fall and again 

in the spring (Butterfield et al., 2005). Cold 

winters in the North and hot summers in 

the South associated with thresholds of 

contemporary mean high and low monthly 

temperatures interrupt breeding in other‐

wise fertile individuals of the Southern 

Leopard Frog (Meshaka  Layne, 2015). 

The effects on present‐day anuran breed‐

ing activities imposed by climate change, 

some of which could lead to dramatic de‐

viations in future population structure 

(Blaustein et al., 2001) and increased extinc‐

tion risk (Urban, 2015), highlight the im‐

portance of long‐term life‐history data 

from populations across the whole distri‐

bution of a species for understanding the 

potential impacts. Data sets from regions 

representing the geographic edges of a 

species distribution are especially im‐

portant to more fully understand how to 

manage the anuran populations most vul‐

nerable to changes in climate (Blaustein et 

al., 2010). 

The geographic range of the Southern 

Leopard Frog extends from the Florida 

Keys and southeastern Texas north to Mis‐

souri and Long Island, New York, exclu‐

sive of much of the higher elevations in the 

Appalachian Mountains (Conant  Col‐

lins, 1998). In Virginia, the Southern Leop‐

ard Frog is restricted to the eastern portion 

of the Commonwealth (Dodd, 2013), there‐

by placing the region of our study near the 

northeastern edge of its distribution (see 

Fig. 1). Our data revealed that the South‐

ern Leopard Frog was gravid throughout 

much of the year in Virginia, especially in 

the colder months. The monthly distribu‐

tion of incidence for gravid females, newly 

metamorphosed individuals, and young‐of

‐the‐year was suggestive of primarily win‐

ter‐early‐summer breeding; however, fall 

breeding could not be ruled out. Corrobo‐

ratively, during a two‐year study at a sin‐

gle site in Chesterfield County, central Vir‐

ginia, the Southern Leopard Frog was re‐

ported to have bred during February‐April 

in each season and in September during 

one season (Mitchell, 1986). In Greens‐

ville County, southern Virginia, males of 

this species were reported to be calling as 

late as the end of May (Hoffman  Mitch‐

ell, 1996). To the north in Pennsylvania, 

breeding for this species was reported in 

April (Hulse et al., 2001). At similar lati‐

tudes westward, Missouri populations 

were reported to breed during March‐

early‐May and occasionally in autumn 

(Johnson, 1987). In Illinois, breeding was 

reported during early‐March‐April (Smith, 

1961). In Indiana, spring breeding was re‐

ported and occasional calling recorded in 

the fall (Minton, 2001). However, Stiles  

Lannoo (2015) confirmed fall breeding 

over a three‐year period, which they sug‐

gested to have been a possible climate 

change‐related shift from the typical 

breeding season along the northern edge 

of its geographic range. Farther south, the 

Southern Leopard Frog was reported to 

breed during February‐April in Maryland 

and the District of Columbia (Harris, 

1975). In Delmarva, breeding was reported 

during February‐April (White  White, 

2002). In Arkansas, the Southern Leopard 

Frog bred during late‐winter‐early‐spring 

and again briefly in the fall (McCallum et 

al., 2004; Trauth et al., 2004). 
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In the extreme southeastern United 

States, breeding for this species was found 

to be possible throughout the year, even if 

distinctly peaking in colder months (e.g. 

Meshaka  Layne, 2015). For example, ear‐

ly‐fall (September‐October) or fall‐late‐

winter (November‐February or March) 

breeding was considered typical in South 

Carolina (Caldwell, 1986). In southern 

Louisiana, breeding took place year‐round, 

but especially during December‐February 

(Dundee  Rossman, 1989). In Florida, call‐

ing was heard generally throughout the 

year but peak activity occurred during 

winter‐early‐spring (Ashton  Ashton, 

1988). In central Florida, eggs were found 

during September‐May (Bancroft et al., 

1983), and in central and southern Florida, 

breeding was more or less continuous with 

distinct fall‐spring peaks in calling (P.R. 

Delis, unpublished data; Meshaka  

Layne, 2015). 

Clutch size was proffered to vary geo‐

graphically (McCallum et al., 2004). A hy‐

pothesis most accurately tested by control‐

ling for which clutch of potentially multi‐

ple clutches (e.g. McCallum et al., 2004) 

would be used in comparisons as well as 

discerning between ovarian clutch size and 

oviposited clutch size (see below). Mean 

clutch size from our sample (2100) was 

within the range for this species of approx‐

imately 1500‐4000 eggs: mean = 1766.1 ovi‐

posited eggs in Virginia (Mitchell  

Pague, 2014), 2958.7 ovarian and 2106.5 

oviposited eggs (Trauth, 1989) and 1825 

oviposited eggs (McCallum et al., 2004) in 

Arkansas, 1585.4 ovarian eggs in northern 

Louisiana (Meshaka  Marshall, 2011), 

and 3795 ovarian eggs in southern Florida 

(Meshaka  Layne, 2015). 

Moore (1949) noted a geographic gra‐

dient in ovum size in the L. pipiens complex, 

the largest of which were from popula‐

tions in the north. Mean ovum size of our 

sample (1.44 mm) was similar to that of 

southern Florida (mean = 1.36 mm). Mean 

ovum size was larger in frogs from Louisi‐

ana (1.60 mm) (Moore, 1949), and was 

largest among conspecifics from Arkansas 

(1.76 mm) (Trauth, 1989), as well as in the 

Northern Leopard Frog, L. pipiens 

(Schreber, 1782), in Pennsylvania (1.77 

mm) (Meshaka et al., 2011), Wisconsin (1.76 

mm), and Vermont (1.77 mm) (Moore, 

1949). Among Southern Leopard Frogs in 

northeastern Arkansas, McCallum et al. 

(2004) noted larger egg size in fall clutches 

than in spring clutches, corroborating the 

notion that fall breeding was secondary to 

late‐winter‐spring breeding. Similar to 

populations of southern Florida (Meshaka 

 Layne, 2015), our Virginia sample exhib‐

ited a positive relationship between clutch 

size and body size, but not in ovum size. It 

remains to be seen the extent to which 

these values would be affected by the sea‐

sonal timing of the clutch. 

Two to three months of larval growth 

were estimated for our sample from Vir‐

ginia. The same was true in much of the 

South (Meshaka  Layne, 2015). Likewise, 

in central Virginia, Mitchell (1986) report‐

ed a larval period of approximately three 

months, unless breeding took place in Sep‐

tember, in which case the larval period 

extended to eight months (i.e. overwinter‐

ing). Nevertheless, the extent of time in 

which larval metamorphosis occurs in the 

Southern Leopard Frog follows a geo‐

graphic gradient (e.g. Meshaka  Layne, 

2015). Our data fit the pattern of a shorter 
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metamorphosis (May‐September) season 

in the North: May‐June in Virginia 

(Mitchell, 1986), April‐October in the 

Okefenokee Swamp of southeastern Geor‐

gia (Wright, 1931), mostly May‐October in 

central Florida (Bancroft et al., 1983), and 

year‐round in central and southern Florida 

(P.R. Delis, unpublished data; Meshaka  

Layne, 2015). Moreover, Hoffman  

Mitchell (1996) reported that a large 

number of recently metamorphosed South‐

ern Leopard Frogs were found in pitfall 

traps during 25 May‐30 June in 1994 from 

Clarksville, southern Virginia. 

We found that body size at metamor‐

phosis in Virginia, although variable, was 

within the range reported for this species 

(e.g. Meshaka  Layne, 2015). The monthly 

distribution of juvenile body sizes from 

our Virginia sample suggests that there 

should be a May juvenile body size that 

was lower than the 27.7‐33.8 mm SVL of 

June and the largest July newly metamor‐

phosed individuals. If this is so, then eggs 

having been laid in late February through 

early March could have produced May 

and June newly metamorphosed individu‐

als three months later. The smallest juve‐

nile collected at the end of September, in 

turn, would presumably have come from a 

clutch laid in June—the tail end of what 

was primarily, but not exclusively, a late‐

winter‐spring egg‐laying season.  

Small mean adult body sizes in our Vir‐

ginia sample corroborated findings of 

smaller mean adult body sizes of males 

and females of the Southern Leopard Frog 

in regions where it co‐occurred with po‐

tential competitors (Meshaka  Layne, 

2015): 61.1 and 76.0 mm, respectively, in 

Everglades National Park, Florida 

(Meshaka  Layne, 2015), 65.5 and 63.8 

mm, respectively, in Lake Placid, Florida 

(Meshaka  Layne, 2015), 55.8 and 63.7 

mm, respectively, in Pennsylvania (Hulse 

et al., 2001), and 57.1 and 63.2 mm, respec‐

tively, in Indiana (Minton, 2001). Like‐

wise, the maximum body size of each sex 

was larger in southern Florida (Meshaka  

Layne, 2015) than in the north, such as 

populations from Pennsylvania (Hulse et 

al., 2001), Indiana (Minton, 2001), and this 

study.  

Sexual maturity in male Southern 

Leopard Frogs from this study could be 

reached in three to six months after larval 

transformation, thereby resulting in breed‐

ing for the first time the following late‐

winter or spring at less than one year of 

age post‐transformation. The monthly dis‐

tribution of female body sizes from our 

Virginia sample indicated a minimum 

body size of sexual maturity of at least 46 

mm SVL at approximately nine to 10 

months of post‐metamorphic age, if unin‐

terrupted by winter. Consequently, fe‐

males would be able to breed in February 

at approximately 10 months of post‐

metamorphic age. Females that trans‐

formed late in the season (e.g. September) 

might not be sexually mature until nine 

months later around June, when they 

might or might not have bred in the fall. If 

interrupted by winter, mean adult body 

size of sexually mature females could have 

been reached at ca. 16 months of post‐

metamorphic age. In southern Florida, sex‐

ual maturity was reached in approximate‐

ly four to five months after transformation 

(Meshaka  Layne 2015), whereas first 

breeding occurred at one year in the Oke‐

fenokee Swamp of Georgia (Wright, 1931).  
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We found that the minimum body size 

at sexual maturity was smaller in males 

than females from Virginia and this was 

consistent with findings from elsewhere 

(e.g. Hulse et al., 2001; Minton, 2001; Me‐

shaka  Layne, 2015). Among these afore‐

mentioned studies, the smallest sexually 

mature adults were found in our study 

and ranged 42.2‐46 mm SVL and 45.6‐52.0 

mm SVL, for males and females, respec‐

tively. For southern Florida females, the 

minimum value for Everglades National 

Park was 52.0 mm, whereas a 57 mm SVL 

minimum body size was found from Lake 

Placid (Meshaka  Layne, 2015). The SSD 

value among Virginia adults (0.83) was 

more similar to values from two samples 

in southern Florida (0.80, 0.82) (Meshaka  

Layne, 2015) than it was to those of Penn‐

sylvania (0.88) (Hulse et al., 2001) and Indi‐

ana (0.90) (Minton, 2001), suggestive of a 

slightly greater SSD from more southern‐

latitude populations. 

Conclusions 

In summary, our findings corroborated 

geographic trends in five life‐history traits 

for the Southern Leopard Frog. For other 

traits, geography was interpreted to have 

played a diminished role, if any. The geo‐

graphic trends we found for this species 

conformed to the general patterns of am‐

phibian life‐history traits in temperate‐

latitudes (Morrison  Hero, 2003). The 

northerly pattern we observed in breeding 

season for this species provides predictive 

power relating to future population re‐

sponses, not only spatially, but also tem‐

porally. Consequently, and given current 

concerns with regard to amphibian de‐

clines linked to global warming (e.g. Stu‐

art et al., 2004), we wish to call attention to 

two, in our opinion, significant points. 

First, the Southern Leopard Frog has been 

historically reported from the two eastern 

shore counties of Virginia, which form the 

southern extent of the Delmarva Peninsula 

(Northampton and Accomack) (Conant, 

1945; Gibbons  Coker, 1978; Conant et al., 

1990; Roble et al., 2000; this study). The Del‐

marva Peninsula represents the northern 

portion of the Middle Atlantic Coastal 

Plains ecoregion, a highly threatened area 

that harbors a diverse biotic assemblage 

(Ray, 1991) that has been recently elevated 

to a Global Biodiversity Hotspot as the 

North American Coastal Plain (Noss et al., 

2015). The biodiversity of this coastal 

ecoregion is particularly vulnerable to 

threats imposed by global climate change, 

especially increases in the frequency and 

severity of coastal storms (Horton et al., 

2015), and rising sea levels (Nicholls  

Cazenave, 2010). These distinctly maritime 

threats have the potential to accelerate ex‐

tirpation rates of coastal populations com‐

pared to their mainland counterparts, 

compelling an urgency for investigations. 

Unfortunately, the amphibian fauna of the 

peninsula’s southern point has been only 

cursorily examined (e.g. Mitchell, 2002). 

Even though Virginia has a distinguished 

history of herpetological research (see 

Mitchell, 2013), our results represent one 

of the most extensive studies on Southern 

Leopard Frog populations from this 

coastal region. We maintain that this dis‐

junct peninsula possesses high biogeo‐

graphical value for amphibians and rec‐

ommend continued monitoring and collec‐

tion efforts that will greatly contribute to 

our understanding of how to manage 
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coastal anuran populations faced with ar‐

guably the most formidable threats associ‐

ated with climate change. Second, with 

regard to mainland Virginia, the contem‐

porary breeding season of these popula‐

tions—as beginning to be observed else‐

where (e.g. Stiles  Lannoo, 2015)—is un‐

likely to remain stable in the face of cli‐

mate change, the effects of which will 

trend towards hotter summers and milder 

winters (Garcia et al., 2014 and citations 

therein). Considering these putative cli‐

matic changes in relation to the thermal 

thresholds associated with anuran breed‐

ing seasons, a dramatic shift by this species 

to a reproductive season resembling that 

of current populations in the extreme 

southeastern United States is a reasonable 

expectation and testable hypothesis. Fur‐

thermore, anuran populations at the mar‐

gins of a species’ range represent, often, 

the extremes in geographic variation of life

‐history traits, and these data will be fun‐

damental to accurate modelling of anuran 

responses to environmental change (e.g. 

Orizaola  Laurila, 2016). To that end, 

now equipped with life‐history data from 

a large sample at this species northerly 

range limit, researchers can more reliably 

investigate the relative influence of climate 

change on the reproductive phenology and 

life history in the Southern Leopard Frog 

across its range. 
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