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Positive Relationship between Abdominal Coloration and Dermal 
Melanin Density in Phrynosomatid Lizards 

Phrynosomatid buds show considerable variation among species in the occur- 
rence of a secondary sexual trait, blue a b d o d d  coloration. The production of 
blue skin may be conbroffed by at least two cellular components, me 
nophores, and guanine in iridophores. To examine the hypothesis: that a mechaninn 
producing variation in abdominal coloration is variation in the presence of melanin 
in the melanophores within the dermal layer of skin, we used light microscopy to 
compare melanin density of five species of phrynosomatid lizards with ancestral and 
derived a b d o d d  coloration. Our d t s  show that the skin of adults with blue 
abdominal coloration has more dermal mehin than white skin regardless of species 
or sex. We experimentally tested this relationship by exadnhg the demd melanin 
in skin from female Sa?- undulatus m m  with exogenously elevated levels 
of testosterone or k-dihydn,testosterone. These females displayed malelike abdom- 
inal coloration and malelike melanin density. Our d t s  suggest that melanin den- 
sity plays a role in the presence of blue abdominal coloration in these pbrynoso- 
matid lizards. 

S TUDIES of sexual selection have focused on 
understanding the origin and maintenance 

of conspicuous secondary sex characteristics of 
males and female responses to male signals (An- 
dersson, 1994), and fewer have focused on loss- 
es of these traits (Quinn and Hews, 2000; Wiens, 
2001). We are engaged in a comprehensive re- 
search program applying an integrative a p  
proach to the study of sexual selection in the 
context of communication systems (Hews and 
Quinn, 2003). This approach involves investi- 
gating signal production, physiological control 
of both production (Quinn, 2001) and recep 
tion of signals, and transmission constraints im- 
posed by the environment, in addition to more 
typical approaches of studying behavioral re- 
sponses to signals (Quinn and Hews, 2000; 
Quinn, 2001). It is our intent to integrate these 
aspects of the communication system within a 
phylogenetic context to provide a more com- 
plete picture of the pattern of evolution of sex- 
ually selected traits and communication systems. 
As part of an integrative study of visual signals 
in SceQm lizards, we report here an exami- 
nation of the relationship of dermal melanin 
density and blue abdominal coloration in five 
phrynosomatid lizards, Stew undulatus con- 
sobnnw; Scewmus virgatus, ScerOporus j a ~ ~ m ~ i  jar- 
rmOVti, Urosaurus matus, and Uta stanshriana. 

Blue abdominal coloration is an aggressive vi- 
sual signal in the sexually dimorphic S. u. con- 
sobnnus (Cooper and Burns, 1987; Quinn, 2001) 
and the sexually monomorphic-white S. virgatus 
(Quinn and Hews, 2000). However, female S. u. 
cmobrinus and S. virgatus do not respond to 

blue abdominal coloration (Quinn, 2001). 
Thus, male-male competition may be a more 
important factor in the sexual selection of these 
species (Quinn, 2001). 

A well-corroborated phylogeny, based on mo- 
lecular and morphological traits, exists for phry- 
nosomatid lizards (Reeder and Wiens, 1996; 
Wiens and Reeder, 1997) and Wiens (1999) 
studied the phylogenetic distribution of abdom- 
inal coloration in this family. This work suggests 
that the ancestral character state of the family 
is sexual monomorphism, in which both males 
and females have entirely white abdomens. Two 
genera (Urosaurus and Scelopm) within this 
family have evolved blue abdominal coloration. 
Parsimony analysis of the phylogenetic distri- 
bution of abdominal coloration in these two 
genera supports the hypothesis that the ances- 
tral character state is sexual dimorphism, in 
which males have blue abdominal coloration 
(Wiens, 1999). Two derived character states also 
exist: the loss of abdominal coloration in males 
(e.g., S. virgatus), which has occurred indepen- 
dently in at least nine different species or 
clades, and gain of coloration in females (e.g., 
5'. j. jawoui$, which has occurred independently 
in at least 11 daerent species (Wiens, 1999). 

The production of color in ectothermic ver- 
tebrates is the result of a combination of pig- 
mentary colors (i-e., carotenoids, pteridines, and 
melanin) and structural colors located in spe- 
cialized dermal chrornatophores (Fox, 1976). 
The chromatophore type in the most superficial 
layer of reptilian skin is the xanthophore (Bag- 
nara et al., 1968). Xanthophores can contain 
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pterinosomes (which contain pteridines) and ca- 
rotenoid vesicles (which contain carotenoids) . 
The next layer contains iridophores that reflect 
and scatter short wavelengths of light These cells 
typically contain guanine platelets, which are re- 
sponsible for the scattering of light, The deepest 
layer contains the melanophores, which contain 
melanin (e.g., Morrison et al., 1995 and refer- 
ences therein). Pigments (pteridines, caroten- 
oids, and melanin) selectivelEy absorb Merent 
wavelengths of light to produce different colors, 
whereas iridophores contribute to skin colora- 
tion through the production of structural colors 
(Alexander and Falnrenbach, 1969). 

Variation in abdominal coloration among 
species and between sexes of phyronosomatid 
lizards may result from variation in the position, 
abundance, and density of these chromato- 
phore types. The current model describing the 
production of blue abdominal coloration is that 
blue color is produced by the reflectance of 
short wavelengths of light by the iridophore lay- 
er and the absorption of all other wavelengths 
of light by the melanin layer in the underl$ng 
layer of melanophores (reviewed in Morrison et 
al., 1995). White skin is produced when there is 
little or no melanin (or potentially melano- 
phores) and reflectance of all the remaining 
wavelengths (that were not scattered by the iri- 
dophore layer) by an underlying layer of highly 
reflective collagen fibers. A prediction of this 
model is that blue patches of skin will have 
higher concentrations of melanin, either by in- 
creasing the density of melanophores or by in- 
creasing the number of melanophores. 

We performed five sets of comparisons to test 
predictions of this model using both observa- 
tional and experimental analyses that quantified 
dermal melanin density in five species of phry- 
nosomatid lizards. First, we compared dermal 
melanin density of abdominal skin of males and 
females of the sexually dimorphic species (S. u. 
cmobn'nw and Urosaums matus) to examine 
the relationship between sex differences in ab- 
dominal coloration and sex differences in mel- 
anin density. Second, we compared melanin 
density in two monomorphic-white species (S. 
virgatw and U. stanshriana) and a monomor- 
phic-blue species (S. j. jan&z] to examine the 
relationship between melanin density and ab- 
dominal coloration in monomorphic blue and 
monomorphic white species. Next, we com- 
pared the melanin density of lizards with blue 
abdominal coloration (regardless of species or 
sex) to examine the relationship between blue 
abdominal coloration and melanin density of 
these species. Finally, we compared the melanin 
density of the skin of lizards with white abdom- 

inal coloration (regardless of species or sex) to 
examine the relationship between white abdorn- 
inal coloration and the lack of melanin density 
within this family. 

We further tested predictions of this model 
by experimentally manipulating abdominal col- 
oration and subsequently measuring melanin. 
To this end, we manipulated the phenotype of 
female S. u. consobPinus with malelike abdominal 
coloration by elevating hatchling levels of an- 
drogens (Quinn, 2001); skin samples from these 
females were compared to skin samples from 
unmanipulated male conspecifics. Sex steroid 
hormones have pleiotriopic effects, including 
behavioral, morphological, physiological, and 
life-history traits (Sinervo et al., 2000a,b). In 
particular, sex steroid hormones play a role in 
controlling the expression of sexual dimor- 
phism (e.g., Becker et al., 1992) and the ex- 
pression of secondary sexual characteristics in 
vertebrates (Ketterson et al., 1992; Hews and 
Moore, 1995). 

Data collection.-Adult male and female U. stans- 
buriana (monomorphic-white) , Urosaurus ma- 
tus (dimorphic), S. u. comotm'nus (dimorphic), 
S. uirgatus (monomorphic-white), and S. j. jar- 
nnrii (monomorphic-blue) were sacrificed with- 
in one week of capture in 1997. Uta stamhriana 
were collected on Hwy. 80, between Rodeo and 
Road Forks, New Mexico, approximately nine 
miles south of Road Forks in 1997. Urosaurus 
urnatus were collected along U.S. Hwy. 80 be- 
tween Rodeo, New Mexico, and intersection of 
80 with New Mexico State Road 9 in 1997. See- 
loporus undulatus consohinus were collected 
along New Mexico State Road 533 in 1997. The 
collection locations of S. u. mobn'nw were 
made within the generalized range for this sub- 
species in the United States (Smith et al., 1999; 
Lemos-Espinal et al., 1999; Leache and Reeder, 
2002) in 1997. SceaOporus virgatus and S. j, j a r d i  
.(Wens et al., 1999) were collected in Cochise 
County, Arizona, near the Southwestern Re- 
search Station of the American Museum of Nat- 
ural History in 1997. 

Buffered 10% formalin was injected into a 1 
cm incision in the abdomen and the whole 
body was immersed in buffered 10% formalin 
for fixation. After 1-3 months, specimens were 
soaked for 24 h in distilled water and were then 
stored in 40% isopropyl alcohol. A small (ap- 
proximately 1 cm2) patch of skin was removed 
from the center of the blue patch (or from the 
same location if the lizard had white abdominal 
coloration) and stored in 40% isopropyl alco- 
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hol. The skin sample was removed from male 
(n = 4) and female (n = 4) S. j. ja-ib, male A. 
S. U. mobpz'nw (n = 9) and rnde7U. matus (n 
= 3) and from the same location in male (n = 
3) and female (n = 3) U. stumbiuriana, male (n 
= 6) and female (n = 5) S. virgatw, female S. 
u. mobrinw (n = 8) and female U. mnaCus (n 
= 3). To facilitate sectioning through scales, 
skin samples were soaked in Fisher decalcifica- 
tion fluid for 24 h and rinsed for 3-4 h in run- 
ning reverse-osmosis water. Samples were pro- 
cessed routinely for paraffin embedding (Pres- 
nell and Schreibman, 199'7) and cross-sections 
were cut at 7 pm. Sections were mounted on 
microscope slides, dried at 65 C for 1-3 h, de- 
paraMinized in xylenes, rehydrated in a graded 
series of ethanol solutions, and stained with 
Harris modified hematoxylin and eosin (Pres- 
nell and Schreibman, 1997). 

For each lizard, the amount of melanin was 
auantified in one randomlv chosen histolo~cal R 

implants (0.058"i.d., 0.077" 0.d.) were packed 
with 0.5 mm crystalline testosterone or 5adi- 
hydrotestosterone, and sealed with silicon. 
Blank implants were filled with silicon and cut 
to the same total length. Implants were placed 
intrapentonally into hypothermically anesthe- 
tized animals through a small ventral incision. 
Implants remained in the animal for 180 days. 
Similar-sized implants are known to deliver an- 
drogens within the range of adult male levels 
(DKH, unpubl. data; Lovern et al., 2001). 

Statistical analysis.-4ata were arcsine trans- 
formed to meet assumptions for parametric 
analysis. Differences between sexes and among 
species were compared using Univariate Analy- 
sis of Variance (SPSS Statistical Software, vers. 
10.0). To maintain. an overall a = 0.05, reported 
P-values were adjusted using the sequential b n -  
ferroni correction (Rice, 1989). 

Celtular structure of melanaphma.4ermal mela- 

Fig. 1. A melanophore Erom a female Scelopm 
jawovii jamovii. (A) In this orientation, the classic stel- 
late nature of the cell is readily apparent. (B) Pro- 
cesses of the melanophore can be seen extending up 
from the more basal dermal layer into more superfi- 
cial layers. 

Figure 1 shows two cross-sectional views of a der- 
mal melanophore from adult female S. j. jamooii 
(monomorphic-blue) . These melanophores 
conform to description of melanophores of oth- 
er lizard species (von Geldern, 1921). In gen- 
eral, all lizards had at least some melanin in the 
dermal layer of skin (Fig. 1) but differed con- 
siderably in melanin density. 

Melanin Density 

CMnpansm 1. Are t h e  sex dqferenm in melanin 
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W e  Female Female Female 
+DHT +T +Blank 

Fig. 4. &parisson 5. Do masn'nuw h e  the 
same praelanin dem& as males? Female S- ~ndu- 

I .  Are tha srx dg&rm in tnel- ktus mobn'nm implanted with either testosterone or 

anin dmsi9 in diqhic species ? Males with blue DHT have similar levels of melanin compared to non- 

abdominal coloration have a higher density of rnela- mani~ulated male S. u. and differ 

nin than female lizards with white abdominal colors- female S. u. mobn'nw implanted with a blank. 

tion. 

melanin density of the blue abdominal skin 
from males of S. u. mobn'nus (dimorphic) and 
males of U matus (dimorphic) did not differ 
significantly (Fig. 2; F,,,, = 2.600, P = 0.126). 
Because we did not detect a difference in mel- 
anin density, we combined these data. Similarly, 
the melanin density of white abdominal skin 
from females of S. u. consobrinus and females of 
U matus did not differ (Fig. 2; FIvg = 0.031; P 
= 0.863), and we combined these data. Using 
these combined datasets, we compared the mel- 
anin density of blue abdominal skin from males 
to the melanin density of white abdominal skin 
hom females. The blue abdominal skin from 
male lizards had a higher density of melanin 
than the white abdominal skin from female liz- 
ards (Fig. 2; Fls, = 38.68'7; P < 0.001). 

Female 
Fig. 3. Cornpa& 3 and 4. Are there wit&% specks 

defer- in metanirr density? No difference in melanin 
density was detected when males and females were 
compared in the monomorphic-blue species (SC&~@- 
rus jammii jammiz] or the monomorphic-white spe- 
cies (Scelopm virgatm or Uta stambolnana) . 

Compakon 2. Are there within-spe& differences in 
melanin dens$?-Blue abdominal skin from 
male and female S. j. jawovii (monomorphic- 
blue) did not differ in melanin density (Fig. 3; 
F,,, = 1.236; P = 0.309). There was no differ- 
ence in white abdominal skin from male and 
female U. stansbun'ana (monomorphic-white; 
Fig. 3; F,,, = 2.502; P = 0.189) or male and 
female S. virgatus (monomorphic-white; Fig. 3; 
F , ,  = 0.972; P = 0.972). 

Comparisons 3 and 4. Are there between-species dif 
ferenm in melanin density ?--Blue abdominal skin 
from male and female S. j. jawovii, male S. u. 
consobrinus, and male U. matus had similar den- 
sities of melanin (I;,,,, = 1.40; P = 0.269; filled 
circles in Figs. 2-3). We compared the percent 
melanin density of white abdominal skin from 
male and female S. virgatus, U stansburiana, fe- 
male U. matus, and female S. u. mobrinus. All 
of the patches of white skin examined had sim- 
ilar densities of melanin (I;,,,, = 0.695; P = 
0.633; open circles in Figs. 2-3). 

Comparison 5. Are there differences in melanin den- 
sity h e e n  males and masculinized females?-Fe- 
male S. u. mobrinus expressed blue abdominal 
coloration when implanted with either testos- 
terone or 5adihydrotestosterone. The expres- 
sion of blue abdominal coloration is almost 
identical to that of male abdominal coloration 
(Quinn, 2001)- Lizards with blue abdominal col- 
oration (females with a testosterone or 5adi- 
hydrotestosterone implant and males) have 
higher levels of melanin compared to unmanip 
ulated female S. u. utnsofm'nus given a blank 
(empty) implant (F3,,, = 1.574; P = 0.238; Figs. 
4-5). 
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Fig. 5. Cmnparism 5. Do mculinized f& have the same malQnin density as nwlles?Images were photographed 
at 40X. The arrow is pointing to the melanin layer in male S-arus undulatus mobn'nus (A) and female S. 
u. mobrinus implanted with testosterone (B) or 5cc-dihydrotestosterone (C), and to the lack of melanin in 
female S. u. consobn'szus ( D ) .  The scale bar is 50 pm. 

This study and work by Macedonia et al. 
(2000) describe histological correlates of color 
differences between sexes and among closely re- 
lated species, and both report that, within close- 
ly related species, the production of coloration 
may involve similar cellular components. The 
current model of skin color production suggests 
that blue abdominal coloration is produced by 
the reflectance of short wavelengths of light by 
the iridophore layer and the absorption of oth- 
er wavelengths by an underlying melanin layer. 
This model predicts that blue abdominal skin 
will have more melanin then white skin and ob- 
servational and experimental data reported 
herein support this model. Lizards with blue ab- 
dominal coloration have a higher density of 
melanin than lizards with white abdominal col- 
oration. This relationship between melanin 
density and blue abdominal coloration is similar 
within these representatives of phrynosomatid 
lizards and should be examined in other lizard 
species. Our work provides the first experimen- 

tal test of this model, and results from andro- 
gen-manipulated and control females strongly 
support this hypothesis. 

Descriptive studies suggest that small changes 
in the cellular architecture can dramatically 
change the coloration of ectothermic verte- 
brates, including differences between the red- 
backed and lead-backed morph of Plethodon &- 
nmew salamanders (Bagnara and Taylor, 1970), 
between albino and normally colored Ambystoma 
mxicanum salamanders (DuShane, 1935), and 
coloration differences between two species of 
Bothriechis vipers (Gosner, 1989). There are 
three dewlap color morphs of Stew undu- 
Zutus erythrocheilus lizards (orange, blue, and 
melanized) and qualitative and quantitative dif- 
ferences in the cellular mechanisms of color 
production have been shown, including differ- 
ences in the presence of xanthophores, irido- 
phores, and melanophores (Morrison et al., 
1995). Shifts in the availability of metabolic pre- 
cursors or in enzymes important in the biosyn- 
thetic pathways may account for the different 
pigments present (Morrison et al., 1995). 
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Variation in melanin production is only one 
,f several possible mechanisms that could con- 
ribute to sex and species variation in abdomi- 
ral coloration of S e w .  The importance of 
he iridophore layer in the production of ab- 
fominal coloration was not addressed in this 
xudy. Lizards lacking blue abdominal color-a- 
ion could lack iridophores or some element of 
he iridophore. Horned Lizards (Ph~msosna mo- 
lasturn) have entirely white abdomind surfaces 
md possess guanine platelets located in the ir- 
dophore, but the intracellular arrangement of 
he  guanine platelefs is not highly organized 
1Sherbrooke and Frost, 1989). One hypothesis 
.o explain the loss of blue in S. virgatus is that 
here could be an altered organization 'of gua- 
line platelets. Tentative rejection of this hy- 
mthesis is suggested by transmission electron 
nicroscopy, which revealed that male S. vt'rptus 
:monomorphic-whi te) have iridophores and 
>latelets (which presumably are guanine plate- 
ets) within the iridophores (Hews and Quinn, 
2003). Furthermore, the platelet spacing ap- 
xars  comparable to that seen in blue skin of 
nale S. undulatus (dimorphic; Morrison et al,, 
1995). Quantifying features of this layer will be 
required to more vigorously assess this hypoth- 
~sis. 

Another unresolved question is, how do hor- 
mones control coloration within SceEqPorus? The 
seasonal production of orange facial coloration 
tn S. u. erythrocha'lus may be caused by the hor- 
monal activation of xanthophores and initiation 
of the synthesis of pteridines in facial tissue by 
testosterone (Morrison et al., 1995). The sub- 
sequent decline of testosterone is consistent 
with a decline in colored pteridines and the or- 
ange facial coloration. The pattern of testoster- 
one fluctuation in S. u. erythrocIza'Zus is consis- 
tent with observed patterns of pteridine biosyn- 
thesis (Rand, 1992). In contrast to the facial col- 
oration, abdominal coloration in S c e I O p w  is a 
permanent trait and is, at least in part, orga- 
nized by the presence of elevated levels of tes- 
tosterone or 5a-dihydrotestosterone in S. u, 
cmwobra'nus (dimorphic; Quinn, 2001). What 
specific action these androgens have on poten- 
tial target chromatophores (melanophores, ir- 
idophores) in the S ~ e I S p m s  blue abdominal 
coloration awaits further study. 

Results reported here show a strong relation- 
ship between abdominal coloration and mela- 
nin density and represent a first step in under- 
standing the mechanisms responsible for color 
variation within and between phrynosomatid 
species. Future work will focus on understand- 
ing the molecular mechanisms responsible for 
color differences, the importance of the irido- 

phore layer, and the role of hormones in the 
production of coloration in lizards, 
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