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The availability of a large morphometric data set from over 2,000 specimens of Virginia 
presented the opportunity to examine gape dimorphism within V. striatula and its 
potential adaptive significance in greater detail within this specialist species. 

In V. striatula, females attain a larger SVL. Gape was strongly associated with increasing 
SVL in both males and females. Males have significantly larger gapes at all but the 
shortest SVLs and the dimorphism becomes significant ca 145mm SVL which correlates 
with sexual maturity. 

The observed dimorphism is hypothesized to allow males to utilize a wider range of 
prey (earthworm) sizes at any SVL in order to successfully compete with females for the 
resource. This would be of particular importance to male fitness during years in which 
significant drought limits availability of prey.
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inTroducTion

The occurrence and hypotheses regarding the 
adaptive significance of sexually dimorphic 
head size in snakes has received increasing 
attention since Shine’s (1991) extensive review 
of its occurrence. Prior to that review, most 
information incorporated data on sexually 
dimorphic head size as subsets of taxonomic 
studies, such as Myers’s (1982) study of 
Imantodes. Despite examination of >7,000 
specimens, Shine’s (1991) review of necessity 
utilized a relatively small number of specimens 
per species to examine the broad-scale 
occurrence of this relationship. For Virginia 
striatula, he included data from 45 (21male: 
24female) specimens. Shine (1991) used head 
length, which he defined using mandibular 
length (following the conventions of Klauber 
1938 and Dullemeijer 1969), to explore the 
dimorphism; in evaluating its significance he 
argued against selection involving intraspecific 
agonistic behavior and concluded that “larger 
head sizes in one sex have evolved to allow 
ingestion of larger prey.”

More recently, investigations (e.g. Hampton 
2011; Grudzien, et al. 1992; King 2002; Miller 
and Mushinsky 1990) of sexually dimorphic 
head size in snakes have focused on Shine’s 
conclusion that “… ecological causation 
[of the dimorphism] relies on the existence 
of ecological differences between males 
and females” and in particular that “habitat 
differences clearly correlate with dietary 
divergence between the sexes in some taxa.”

Sexual dimorphism in snake head size (and 
hence gape) has generally been attributed 
to—and thus correlated with—the attainment 
of larger size by one sex, frequently, but not 
always males (see discussion in Shine 1991). 
This difference generally is strongly related to 
dietary differences [i.e., prey choices] between 
sexes, facilitating greater energy intake by 
mature females of many genera (Shine 1991; 
King 2002; Elgee and Blouin-Demers 2011). 

Gape has been defined in markedly different 
ways by various authors (Shine 1991; Hampton 
2011; Grudzien, et al. 1992; King 2002; Miller 
and Mushinsky 1990). Irrespective of these 
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differences, the methods validly approximate 
gape, as definitions generally examine head 
dimensions and are standardized by SVL. 
The resulting trends and conclusions are 
comparable.

A key conclusion of Shine (1991) regarding 
evolution of this dimorphism was that his 
“data tend to support the hypothesis of 
independent adaptation rather than competitive 
displacement between the sexes.”

Snakes of the colubrid genus Virginia feed 
solely upon earthworms, with no indication 
that the sexes represent different trophic niches 
(Bradford 1973; Busby and Pisani 2011; Clark 
and Fleet 1976; Pisani 2009). The availability 
of a large morphometric data set from over 
2,000 specimens of Virginia presented the 
opportunity to examine gape dimorphism and 
its potential adaptive significance in greater 
detail within one specialist species. 

maTerials and meThods

Data for 639 (310 male: 329 female) Virginia 
striatula (Appendix 1) were used from a 
morphometric data set accumulated by 
examination of museum preserved holdings. 
Head metrics (Fig. 1) and Snout-to-vent 
lengths (SVL) were measured in standard 
fashion (e.g. Grudzien, et al. 1992). My 
sample included data from juveniles through 
adult snakes (71-256 mm SVL). My larger 
(than Shine’s 1991) data set allowed a more 
nuanced examination of the observed sexual 
dimorphism in this poorly-known species.

In this study I defined gape as the distance 
from the posterior apex of the frontal scale 
to the anterior-most part of the rostral scale, 
multiplied by head width as indicated in Fig. 1. 
The fairly short head of Virginia, coupled with 
the fact that some specimens examined were 
preserved such that mandibular length was 
difficult to measure accurately, indicated that 
this was the most repeatable measure of overall 
head length and width. The considerable 

cross-correlation of morphometric characters 
in snakes (Savitzky 1983; Manier 2004) means 
that little if any accuracy is sacrificed by this 
method. Snakes with damaged or seemingly 
distorted (presumably during preservation) 
heads were not used in analysis.

Data were natural-log transformed, plotted 
by sex and evaluated for homoscedasticity 
and other regression assumptions, and then 
examined by linear regression using SPSS21 
(PC) and Statview (Mac). Standardized 

Figure 1. Head dimensions (Adapted from 
Grudzien et al 1992). Abbreviations: Head 
Width (HW); Head Length (HL); Interocular (IO); 
Internarial (IN); Naris-Rostrum (NR); Eye-Naris 
(EN); Eye Diameter (ED); Eye-Jaw (EJ); Frontal 
Width (FW); Frontal Length (FL); Parietal Width 
(PW); Parietal Length (PL); Cross Left (XL); 
Cross Right (XR):
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residuals were tested against fitted values for 
normal distribution. Six slight outliers were 
evenly distributed across sexes; these did not 
significantly affect random distribution of 
residuals and were not deleted from regression 
computations.

resulTs

In V. striatula, females attain a larger SVL (and 
mass - Todd et al. 2008; Clark and Fleet 1976) 
(Table 1). Gape was strongly associated with 
increasing SVL in both males and females (Fig. 
2). Males have significantly larger gapes at 
all but the shortest SVLs and the dimorphism 
becomes significant ca 145mm SVL (Fig. 2). 

My results were similar to those of Shine 
(1991; which was based solely upon 
mandibular length), although the regression 
from my study showed a higher r2 value for V. 
striatula. 

discussion 

Sexes of V. striatula utilize the same habitat 
and both prey exclusively upon earthworms 
(Bradford 1973; Clark and Fleet 1976) as do 
other species in the genus (Pisani 2009; Busby 
and Pisani 2011). 

King (2002) used an index of gape along 
with body size allometry (SVL and head 
dimensions) to generate predicted maximum 
prey sizes for water snakes (Nerodia sipedon 
insularum), garter snakes (Thamnophis 

sirtalis), and brown snakes (Storeria dekayi). 
King acknowledged the difficulty of applying 
the method across these species, as Storeria 
in particular consumed mainly earthworms - a 
soft and compressible prey. This difficulty is 
apparent in King’s study (2002, fig.3), and is 
compounded by the use of Snake Mass for 
the x-axis. Even an extremely large Storeria 
would hardly exceed 12 g mass; thus King’s 
axis scale would effectively conceal potentially 
meaningful information.

In a study of feeding and body condition 
of Thamnophis sirtalis, Elgee and Blouin-
Demers (2011) observed that females were 
larger than males and had proportionally 
larger heads which they referred to as “trophic 
morphology dimorphism (TMD)”. They also 
noted that “[I]ndividuals of both sexes with 
proportionally larger heads were in better 
condition.” Bulté, et al. (2008) reviewed TMD 
in Graptemys geographica and reviewed 
scenarios potentially driving selection. 
Here, I suggest that the dimorphism I have 
described for V. striatula fits the Competitive 
Displacement and Intersexual Competition 
models for TMD that they review.

Thamnophis sirtalis is a trophic generalist and 
at larger SVLs broadens its prey choices to 
include small mammals and relatively large 
anurans (Fitch 1965). Combined with other 
studies (Hampton 2011; Grudzien, et al. 1992; 
King 2002; Miller and Mushinsky 1990), 
Shine’s (1991) conclusion that relatively larger 
gape facilitates consumption of relatively 

Table 1. Descriptive statistics, untransformed SVL, V. striatula.
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larger prey is inarguable. Increased relative (at 
any SVL) gape plainly has a potential fitness 
advantage across snake taxa by facilitating use 
of a broader prey-size resource.

Earthworms, while frequently abundant, can 
in times of drought be a limited resource 
that impacts survival and reproduction of 
trophic specialists like V. striatula (Pisani, 
unpublished). Though female V. striatula attain 
a larger average SVL, there is considerable 
overlap in the lower SVL values as the snakes 
grow to maturity (Fig. 3). Significant TMD 
begins at ca 145mm SVL (Fig. 2); notably, 

this is the SVL at which males attain sexual 
maturity (Clark and Fleet 1976). Thus, an 
adaptation that potentially enhances mature 
male survival would have potential adaptive 
value for the species.

Based upon the above, I suggest that the 
observed TMD in V. striatula gape represents 
sexual selection that allows males to utilize a 
wider range of prey (earthworm) sizes at any 
SVL in order to successfully [i.e., equally] 
compete with females for the resource. This 
would be of particular importance to male 
fitness during years in which significant 

Figure 2. Regression of natural logs, Gape on SVL. Lines bracketing regression lines are 95% 
confidence bands of slopes of best fit lines.
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drought limits availability of prey. Nutritional 
resources are of course important to female 
vitellogenesis as a principal determinant of 
reproductive success, though Stewart (1989) 
demonstrated that female V. striatula employ a 
reproductive mode that supplements embryonic 
(vitellogenic) nutrition with a facultative 
post-vitellogenic placental contribution that 
enhances reproductive success.

Conclusive demonstration of the hypothesis 
advanced above requires data on size ranges 
of earthworms consumed in wild populations 
of V. striatula. For various reasons, this is 
impractical for study of V. striatula, though in 
his extensive review of foraging theory and 
snake size Arnold (1993) stated that “[I]n all of 
the studies we have reviewed, variance of prey 
size increases with snake size.” Implicit in that 
is increased prey-size variance with increasing 
gape. Arnold’s statement is corroborated for the 

several eastern Kansas snake species that have 
been studied in-depth by H.S. Fitch and GRP 
(Fitch and Pisani 2006 and references therein; 
Fitch 1999, 1965), as well as by examination 
of the details of diet records from the digitized 
collection of H.S. Fitch’s thousands of field 
notes from snake captures. 
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Figure 3. Untransformed SVL distributions of male and female V. striatula, present study.
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Appendix 1. Specimens examined. Collection acronyms follow Sabaj Pérez (2013) for major USA 
collections; other collections referenced with their preferred acronyms. Acronyms used are: AMNH 
(American Museum Natural History, ANSP (Academy Natural Sciences Philadelphia), AU (Auburn 
University Museum), CA (Chicago Academy Sciences), CM (Carnegie Museum), FHSM (Fort Hays 
State University, Sternberg Museum of Natural History), FMNH (Field Museum Natural History), 



Transactions of the Kansas Academy of Science 117(3-4), 2014                                               231

Appendix 1(cont.). KU (Univ. Kansas Museum Natural History), LSUMZ (Louisiana State University 
Museum Zoology), NELU (Northeast Louisiana University, Monroe), OSM (Ohio State University 
Museum Zoology), UAZ (Univ. of Arizona), UF (Univ. of Florida Museum of Natural History), USL 
(Univ. of Southwestern Louisiana), USNM (National Museum of Natural History), UTM (University 
of Tennessee, Martin).


