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Conserved Ontogeny of Color Pattern Leads to the
Misdiagnosis of Scincid Lizards of the Plestiodon skiltonianus

Species Complex

Skinks of the Plestiodon skiltonianus species complex, which
includes the Western Skink (P skiltonianus), the San Lucan Skink
(P lagunensis), and Gilbert’s Skink (P gilberti), can be very diffi-
cult to distinguish unless geographic information accompanies
the specimen. This is due to similarity in the ontogeny of color
pattern among the different recognized taxa, regional poly-
morphism in scale and color pattern characters, and a lack of
fixed character differences that reliably distinguish each species
across the range of the complex (Rodgers and Fitch 1947; Taylor
1935). Some authors have suggested that P skiltonianus and P
gilberti be treated as conspecific (e.g., Camp 1916; Cope 1900;
Grinnell and Camp 1917; Van Denburgh 1896), and certain state-
ments in the literature (e.g., “...young [P, g. gilberti] specimens
are marked just like the young and most adults of skilfonianus”
[Smith 1946, p. 385]) have only added to the confusion. Phyloge-
netic analyses have also done little to resolve these taxonomic is-
sues, as separate P, gilbertilineages have evolved multiple times
within a paraphyletic P, skiltonianus (Brandley et al. 2012; Rich-
mond and Reeder 2002), and species delimitation varies widely
depending on the concept of species (Richmond and Jockusch
2007; Richmond et al. 2011). For the remainder of the paper, we
place the name “gilberti” in quotation marks to reflect the non-
monophyly of these lineages except where P, gilberti is specifi-
cally referred to in earlier studies.

The main characters used to distinguish members of the P
skiltonianus complex in the field include body size, dorsal col-
or pattern, tail color (pink vs. blue), and to a lesser degree limb
length, supralabial count, nuchal scale count, and a few others
related to scalation (Grismer 1996; Rodgers 1944; Rodgers and
Fitch 1947). Size (SVL) can be effective for differentiating adult
individuals in most areas, but is of little use for young specimens.
Color pattern is useful to a degree, but dorsal stripes are retained

longer into adulthood in certain “gilberti” populations than in
others, especially in females, and in some areas the stripes are
often never completely lost. Aberrantly large P, skiltonianus also
have very degraded, or in some cases, no stripes at all (JQR, pers.
obs.). Juvenile tail color is useful in regions where pink-tailed
“gilberti” approach or are syntopic with P, skiltonianus; however,
“gilberti” populations in the northern and central Sierra Nevada,
as well as in scattered populations in the east Mojave Desert and
the Panamint Mountains, are blue-tailed. Allopatry and different
juvenile tail colors distinguish juvenile P lagunensis in southern
Baja California from P, skiltonianus in northern Baja California,
but the adult phenotypes of the two species are similar enough
that some authors have regarded them as conspecific (Linsdale
1932; Schmidt 1922; Stejneger and Barbour 1933; Tanner 1988).
One of the most widely used characters for distinguishing
juveniles of P skiltonianus and “gilberti,” aside from tail color
when the differences are obvious, is the distance that the dark
lateral stripes extend onto the tail (Fig. 1). In various field guides
and species descriptions, it is commonly stated that this stripe
extends much further in P skiltonianus (ca. 1/3 to 1/2 way down
the tail) than it does in “gilberti”; in the latter, this stripe pur-
portedly ends at the base of the tail just posterior to the hind
limbs (Behler and King 1979; Jones and Lovich 2009; Lemm 2006;
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Fic. 1. Example of the lateral tail stripe character in a juvenile Plesti-
odon skiltonianus from Tehama County, California (ca. 520 m elev.).
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Fic. 2. Map of the Yuba River study region indicating DNA sampling
locations for P, skiltonianus (blue dots) and P, “gilberti” (gray dots).
The outlier P skiltonianus locality south of the Yuba River repre-
sents a high elevation population at Red Point, Placer Co. (~1430 m),
first published in Rodgers and Fitch (1947) and revisited during this
study. Several additional high elevation populations from this region
referred to as either P, skiltonianus or P “gilberti” in museum collec-
tions have not yet been sequenced and require taxonomic attention.
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Fic. 3. Maximum clade credibility tree for ND4 mitochondrial haplo-
types within the P, skiltonianus group; the tree was estimated using a
model partitioned Bayesian analysis in BEAST v1.7 (Drummond et al.
2012; 20 x 10°iterations with a 10% burn-in). Gray branches denote
separate “gilberti” lineages; black branches denote P, skiltonianus/P
lagunensis. Bullets indicate posterior probabilities = 0.95. Shaded
blue-gray boxes highlight haplotypes recovered on the north (P
skiltonianus) and south sides (Sierra Nevada “gilberti”) of the Yuba
River, California.

Macey and Papenfuss 1991; Rodgers and Fitch 1947; Smith 1946;
Smith and Brodie 1982; Stebbins 2003; Stebbins and McGinnis
2012; Storer et al. 2004; Tanner 1957, 1988). However, like the oth-
er characters used to differentiate P, skiltonianus and “gilberti,”
we have detected notable variation in the extension of the lateral
tail stripe in populations of both species, and below we present
data that describe how the character fails to differentiate the two
in certain parts of the range.

During recent survey work on Plestiodon populations in the
western foothills of the northern Sierra Nevada in Yuba County,
California, we discovered what appeared to be juvenile P, skilto-
nianus just south of the Yuba River in an area that is reported
to be exclusive to “gilberti,” based on the bright blue tail color
and the continuation of the dark lateral stripe well past the

hindlimbs (Rodgers and Fitch 1947). A longstanding notion ex-
ists that P, skiltonianus is essentially restricted to the north side
of the river, which runs perpendicular to the Sierra Nevada, and
that the range of “gilberti” extends north to the Yuba River from
the south but does not cross it (Rodgers 1944; Rodgers and Fitch
1947; Stebbins 2003; Fig. 2). Only four isolated P skiltonianus
populations have been formally documented from the immedi-
ate south side of the Yuba River (Rodgers and Fitch 1947; speci-
mens MVZ 190472,190479; this study), occurring mainly in the
conifer zone at approximately 900-1450 m, whereas “gilberti”
occurs at lower elevation in blue oak woodland and grassland
only on the south side of the river. This purported distribution is
perplexing, as there are no salient habitat differences on either
side of Yuba River, and none of the other major river drainages
south of Yuba County have presented barriers that limit the dis-
tribution of “gilberti” along the western slope of the Sierra Ne-
vada (although they may have intermittently in the past). Thus,
we were not surprised to find P skiltonianus south of the Yuba
River. Because both species were expected to have blue-tailed
juveniles and scale counts were ambiguous, our identification
of juvenile specimens relied mainly on the degree to which the
dark, lateral stripe extended onto the tail.

To confirm our identifications, we extracted DNA from small
tail clips (~ 10.0 mm) preserved in 95% ethanol from 28 individu-
als and sequenced 16 for their ND4 mitochondrial haplotypes
(~1500 bp: Dryad repository: doi:10.5061/dryad.2873b). We then
compared these sequences to a large ND4 dataset representing
the entire range of the P skiltonianus complex (Fig. 3). Plestiodon
skiltonianus and “gilberti” in Yuba County (the latter regarded
as P g. placerensis; de Quieroz and Reeder 2012) have high mi-
tochondrial sequence divergence and are easily distinguishable
based on their haplotypes (Richmond and Jockusch 2007; Rich-
mond and Reeder 2002). Surprisingly, we found that all skinks
sampled on the south side of the Yuba River below 1430 m had
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Fic. 4. A) Adult female “gilberti” found just south of the Yuba River,
California (ca. 100 m elev.). B) Closer, lateral view of the tail (female
A), illustrating retention of the lateral stripe and its extension past
the hind limb. C) Young adult female “gilberti” from this same local-
ity showing the light dorsolateral striping and the dark, lateral tail
striping extending well past the hindlimbs, similar to P skiltonianus.
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Fic. 5. A) Juvenile Plestiodon skiltonianus from just north of the Yuba
River, California (ca. 265 m elev.); B) Juvenile “gilberti” from just south
of Yuba River (ca. 100 m elev.); C) Juvenile “gilberti” from Tuolumne
County, California (ca. 785 m elev.) showing lateral tail stripe stopping
closer to the hind limbs, but still extending notably past them.

Sierran “gilberti” haplotypes, and all those sampled on the north
side of the river regardless of elevation had pure P, skiltonianus
haplotypes, consistent with the supposition of Rodgers (1944)
and Rodgers and Fitch (1947). We also noted that while adult male
“gilberti” in this area completely lose the striped color pattern, as
is generally the case for “gilberti,” adult females retain dark later-
al stripes on the flanks and well onto the tail, immediately below
the area where the light dorsolateral stripe runs along the body
axis in juveniles (Fig. 4; also noted in Rodgers 1944). This same
pattern has been noted in other parts of the species’ distribution
(e.g., creeks along the eastern slopes of California’s inner Coast
Ranges; JQR, pers. obs.), where lateral stripes extend well beyond
the hindlimbs even in some of the largest adult females. Thus, a
character that is typically lost early in ontogeny in some parts of

the “gilberti” range, or is absent altogether, is retained in adult
females in other areas, particularly the northern Sierra Nevada.
In his description of P g. placerensis, Rodgers (1944) did not
address the lateral tail stripe character, and later accounts iden-
tifying this and other P, gilberti subspecies provide information
about tail color (pink or blue), supralabial count, but little else
(e.g., Jones and Lovich 2009; Stebbins 2003). Rodgers and Fitch
(1947) provided qualitative descriptions of the ontogeny of P
skiltonianus and the different forms of “gilberti,” illustrating
varying degrees in the loss of the dorsolateral stripes and the
bright tail color. However, variation in the extension of the dark,
lateral tail stripe for “gilberti” was not discussed. Consistent with
the descriptions of Rodgers and Fitch (1947), we have found that
hatchling, juvenile, and younger adult female “gilberti” (Fig. 4c)
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in Yuba County appear to be P skiltonianus upon initial inspec-
tion; in both forms, the tail color is bright blue and the lateral tail
stripe extends well beyond the hind limbs (although the stripe
may continue further on the tail in P skiltonianus north of the
Yuba River than it does in “gilberti” south of the Yuba River [Fig.
5a, b]). The similarity in this character between species fades fur-
ther south in the Sierra Nevada foothills (Fig. 5¢), where the dark
lateral stripe ends closer to the base of the tail in young “gilberti.”

Because of the variability of this character across the range
of the species complex, we consider it unreliable for distinguish-
ing P, skiltonianus and “gilberti” over large portions of the range
of the P, skiltonianus complex. Despite years of field collecting
and DNA sequence data from hundreds of individuals (includ-
ing sequences obtained from museum specimens that were in-
correctly identified as P, skiltonianus), we have yet to recover a
P skiltonianus specimen from locations south of the Yuba River,
with the exception of a single site at approximately 1430 m and
14 km SSE of the Yuba River, until Tulare County in the southern
Sierra Nevada. We suspect that a number of museum specimens
collected from this same region at lower elevation are incorrectly
identified as P, skiltonianus and instead belong to the Sierran
“gilberti” lineage as identified in Richmond and Reeder (2002).
In fact, bright blue juvenile tail color and the continuation of the
dark, lateral stripe past the hindlimbs are the two characters that
appear largely responsible for these misidentifications.

Perhaps the most interesting finding of our survey work is that
P skiltonianus and “gilberti” are most similar in the ontogeny of
color pattern where their distributions meet but do not overlap at
the Yuba River. Yet in southern California where the two species
are syntopic, for example, they are easily distinguished by juvenile
and adult color pattern (P skiltonianus juveniles have blue tails
and light dorsal stripes throughout adulthood whereas juvenile
“gilberti” have pink tails and no stripes as adults), and adult body
size. In fact, adult body size is more divergent in southern Califor-
nia than anywhere else in the range of the species complex, and is
a predominant factor contributing to their reproductive isolation
(Richmond and Jockusch 2007; Richmond et al. 2011). This sug-
gests that sympatry in southern California may have influenced
phenotypic divergence of the two forms, whereas allopatry in the
northern Sierra Nevada may have contributed to retention of the
ancestral juvenile color pattern.

Acknowledgments—We thank Robert W. Hansen for his photo
of P gilberti from Tuolumne County, California. Dustin A. Wood and
two anonymous reviewers provided helpful comments on the manu-
script.

LiteraTure CITED

BEHLER, J. L., AND E W. KinG. 1979. The Audubon Society Field Guide to
North American Reptiles and Amphibians. Alfred A. Knopf, New
York, New York. 743 pp.

BranpLiy, M. C., H. OTa, T. Hixipa, A. N. MonTES DE Oca, M. Feria-ORrTiz,
X. Guo, aND Y. WanG. 2012. The phylogenetic systematics of blue-
tailed skinks (Plestiodon) and the family Scincidae. Zool. J. Linn.
Soc. 165:163-189.

Camp, C. L. 1916. The subspecies of Sceloporus occidentalis, with
description of a new form from the Sierra Nevada and system-
atic notes on other California lizards. Univ. California Publ. Zool.
17:63-74.

Corg, E. D. 1900. Crocodilians, lizards and snakes of North America.
Rept. U.S. Nat. Hist. Mus., 1898, pp. xi—xviii, 155-1270, pls. 1-36,
text figs. 1-347.

pE Quieroz, K., anp T. W. ReeDER. 2012. Squamata — Lizards. In B. 1.
Crother (ed.), Scientific and Standard English Names of Amphib-
ians and Reptiles of North America North of Mexico, with Com-
ments Regarding Confidence in our Understanding, pp. 32-51.
SSAR Herpetol. Circ. 39:1-92.

DruMmMOND, A. J., M. A. SucHArD, D. Xig, AND A. RamBaut. 2012. Bayes-
ian phylogenetics with BEAUti and the BEAST 1.7. Mol. Biol. Evol.
29:1969-1973.

GRINNELL, J., AND C. L. Camp. 1917. A distributional list of the amphib-
ians and reptiles of California. Univ. California Publ. Zool. 17:127—
208.

GRISMER, L. L. 1996. Geographic variation, taxonomy, and distribution
of Eumeces skiltonianus and E. lagunensis (Squamata: Scincidae)
in Baja California, México. Amphibia-Reptilia 17:361-375.

Jones, K. B. 1985. Eumeces gilberti. Cat. Am. Amphib. Rept. 372:1-3.

Jones, L. L. C., anp R. E. Lovicu (eps.). 2009. Lizards of the American
Southwest. Rio Nuevo Publ., Tucson, Arizona. 567 pp.

Lemy, J. M. 2006. Field Guide to Amphibians and Reptiles of the San
Diego Region. Univ. California Press, Berkeley, California. 326 pp.

Linspatg, J. M. 1932. Amphibians and reptiles from Lower California.
Univ. California Publ. Zool. 38:345-386.

Macky, J. R., anp T. J. Parenruss. 1991. Herpetology. In C. A. Hall (ed.),
The Natural History of the White-Inyo Range Eastern California,
pp- 291-360. Univ. California Press, Berkeley, California.

RicumonD, J. Q., anp E. L. JockuscH. 2007. Body size evolution simul-
taneously creates and collapses species boundaries in a clade of
scincid lizards. Proc. R. Soc. B 274:1701-1708.

. , AND A. M. Lativer. 2011. Mechanical reproductive

isolation facilitates parallel speciation in western North American

scincid lizards. Am. Nat. 178:320-332.

, AND T. W. ReepEr. 2002. Evidence for parallel ecological specia-
tion in scincid lizards of the Eumeces skiltonianus species group
(Squamata: Scincidae). Evolution 56:1498-1513.

Robaers, T. L. 1944. A new skink from the Sierra Nevada of California.
Copeia 1944:101-104.

, AND H. S. Fitch. 1947, Variation in the skinks (Reptilia: Lacer-
tilia) of the skiltonianus group. Univ. California Publ. Zool. 48:169—
219.

Scumipt, K. P 1922. The amphibians and reptiles of Lower California
and neighboring islands. Bull. Am. Mus. Nat. Hist. 46:607-707.

Smrth, H. M. 1946. Handbook of Lizards of the United States and Can-
ada. Comstock Publ. Co., Ithaca, New York. 557 pp.

, AND E. D. Brobig, Jr. 1982. Reptiles of North America: A Guide
to Field Identification. Golden Press, New York, New York. 240 pp.

SteBBiNS, R. C. 2003. A Field Guide to Western Reptiles and Amphib-
ians. 3" ed., Houghton-Mifflin Co., New York, New York. 560 pp.

, AND S. M. McGinnis. 2012. Field Guide to Amphibians and
Reptiles of California. 2" ed. Univ. California Press, Berkeley, Cali-
fornia. 538 pp.

STEJNEGER, L., AND T. BArRBOUR. 1933. Checklist of North American am-
phibians and reptiles. 3 ed. Harvard Univ. Press, Cambridge,
Massachusetts. 185 pp.

STORER, T. I., R. L. USINGER, AND D. Lukas. 2004. Sierra Nevada Natural
History. Univ. California Press, Berkeley, California. 439 pp.

TANNER, W. W. 1988. Eumeces skiltonianus. Cat. Am. Amphib. Reptiles
447.1-4.

. 1957. A taxonomic and ecological study of the western skink
(Eumeces skiltonianus). Great Basin Nat.17:59-94.

TavLor, E. H. 1935. A taxonomic study of the cosmopolitan scincoid
lizards of the genus Eumeces with an account of the distribution
and relationships of its species. Kansas Univ. Sci. Bull, vol. 23:1-
643.

Van DENBURGH, J. 1896. Description of a new lizard (Eumeces gilberti)
from the Sierra Nevada of California. Proc. California Acad. Sci.
6:350-352.

Herpetological Review 44(3), 2013



