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Synopsis The study of sexual differences provides insights
into selective factors operating on males and females, es-
pecially for clades exhibiting varied levels of dimorphism.
Sexual differences in morphology and coloration (melano-
phores) were compiled for 66 of the 89 species of tube
blennies (Blenniiformes, Chaenopsidae) from the system-
atic literature and examination of preserved specimens.
Chaenopsids include essentially monomorphic species
and those in which males and females differ in as many
as 17 morphological and 14 coloration features. While the
sexes of most species differ in coloration (at least at the
time of breeding), they are morphologically similar in
Acanthemblemaria, Hemiemblemaria, and Lucayablennius.
While other genera exhibit an intermediate level of dimor-
phism, species of Coralliozetus, Cirriemblemaria, and
Emblemaria are dramatically dimorphic. Character maps
on a phylogenetic hypothesis indicate that this extreme
level of dimorphism evolved independently in these gen-
era. A complex history of evolution is implied by exami-
nation of jaw length with both increases and decreases in
one or both sexes leading to either dimorphism or mono-
morphism. Several features related to shelter defense are
monomorphic in species where both sexes inhabit shelters,
but dimorphic where only males occupy shelters. Other
dimorphic features increase the conspicuousness of male
courtship and aggressive displays.

Synopsis  Translations:  Evolution des  sexuellen
Dimorphismus  bei  Hechtschleimfischen  (Teleostei:
Chaenopsidae) (Evolution of sexual dimorphism in tube
blennies [Teleostei: Chaenopsidae])

Studien tber geschlechtsspezifische Unterschiede liefern
Einblicke in Selektionsfaktoren, die auf Mannchen und
Weibchen wirken, besonders innerhalb Taxa, die hohe
Level an Dimorphismus zeigen. Geschlechtsspezifische
Unterschiede in Morphologie und Farbung
(Melanophoren) fiir 66 der 89 Hechtschleimfischarten
(Blenniiformes, Chaenopsidae) wurden aus Systematik-
Literatur und durch Untersuchung von fixierten Proben
zusammengetragen. Chaenopside umfassen grundsatzlich
monomorphe Arten und solche, bei denen sich
Mannchen und Weibchen in bis zu 17 morphologischen
und 14 Farbungsmerkmalen unterscheiden. Wahrend sich
die Geschlechter der meisten Arten in der Firbung unter-
scheiden (zumindest zur Paarungszeit), sind sie bei
Acanthemblemaria, Hemiemblemaria, und Lucayablennius
morphologisch dhnlich. Wihrend andere Gattungen einen
moderaten Level an Dimorphismus aufweisen, sind die
Arten von Coralliozetus, Cirriemblemaria, und
Emblemaria auflerordentlich dimorph. Merkmalstabellen
in Kombination mit phylogenetischen Daten weisen darauf
hin, dass sich der extreme Dimorphismus in diesen
Gattungen unabhangig entwickelt hat. Eine komplexe
Evolutionsgeschichte wird durch die Untersuchung der
Kieferlange gestiitzt, wobei diese fiir ein oder beide
Geschlechter zu- oder abnimmt, was entweder zu
Dimorphismus oder Monomorphismus fithrt. Mehrere
Merkmale, die im Zusammenhang mit der Schutzraum-
Verteidigung stehen, sind in Arten, in denen beide
Geschlechter Schutzraume bewohnen, monomorph, aber
dimorph, wo nur Manner Schutzriume besetzen. Andere
dimorphe Merkmale erhéhen die Auffilligkeit mannlicher
Werbung und aggressiver Zurschaustellung.

Translated to German by S. Kruppert (skrupp@uw.edu)
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Introduction

Sexual dimorphism has held a special fascination for
evolutionary biologists since Darwin (1871) explored
its significance. Sexually dimorphic features are
among the most dramatic morphological attributes
known, many of which appear at odds with the sur-
vival of individuals expressing them. The focus on
sexual dimorphism has been particularly important
in deciphering the disparate selective pressures on
males and females within species (Hedrick and
Temles 1989; Shine 1989; Berns 2013) and the liter-
ature on the evolution of sexual dimorphism is re-
plete with studies documenting an advantage for the
sex (usually males) bearing the unusual feature
(Andersson 1984) or the size advantage afforded
the larger of the two sexes (Badyaev 2002;
Blanckenhorn 2005). While many studies have fo-
cused on single characters and often lack of a phy-
logenetic perspective (Wiens 2001; Badyaev and Hill
2003), an increasing number of studies, especially on
birds, have interpreted the evolution of multiple di-
morphic features within in a strict phylogenetic con-
text (e.g., Berv and Prum 2014; Price and Eaton
2014; Gluckman and Munday 2016). These studies
often reveal a complex pattern of evolution including
divergence in females as well as in males, and the
loss of sexual dimorphism (Wiens 2001; Gluckman
2014; Kraaijeveld 2014; Price 2015).

The current study was undertaken to quantify the
degree of sexual dimorphism in the species of a fam-
ily of fishes and to explore the pattern of evolution
of these features within a phylogenetic framework.
Teleost fishes include some of the most dimorphic
of all species of vertebrates. Among these are the
chaenopsid blennies, a group of blenniiform fishes
that are particularly interesting for the range of sex-
ual dimorphism expressed in a relatively small clade
(Hastings and Springer 1994, 2009). This paper
documents the pattern of sexual dimorphism in spe-
cies of chaenopsids and explores its evolutionary his-
tory within this group.

The Chaenopsidae (sensu Lin and Hastings, 2011)
comprises 89 known species including essentially
monomorphic species (Fig. 1), a variety of somewhat
dimorphic species (Fig. 2), as well as several strik-
ingly dimorphic ones (Stephens 1963, 1970; Hastings
1991a, 2002). Three genera, Coralliozetus with 6 spe-
cies, Emblemaria with 16 species, and the monotypic
Cirriemblemaria are known to be especially dimor-
phic (Fig. 3). Chaenopsids are largely restricted to
coastal waters of the Neotropics including the trop-
ical eastern Pacific and tropical western Atlantic
(Hastings 2009). Their common name of tube
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blennies reflects their typical occurrence in and de-
pendency on vacant tests of invertebrates such as
barnacles, mollusk shells, and polychaete tubes.
Resident chaenopsids typically sit in a shelter with
some or all of the head exposed. From this vantage
point they forage on passing or nearby food items
(typically small crustaceans; Kotrschal and Thomson
1986) and display to conspecifics, but rapidly retreat
inside the shelter when startled. Thus, these shelters
serve as refuges from predation (Hastings 1991b)
and have been demonstrated to limit local popula-
tion density (Buchheim and Hixon 1992; Hastings
and Galland 2010), and are the focus of both intra-
specific and interspecific competition (Clarke 1996;
Clarke and Tyler 2003). In addition, shelters serve as
egg-deposition sites where eggs are deposited by
females and fertilized and guarded by resident males.
Females prefer to mate with large males and males
defending high quality (unfouled) shelters (Hastings
1988a, 1988b). Shelters of sufficiently high quality
are therefore a necessary resource for male reproduc-
tive success and as such are the focus of intense
male-male competition. Resident males court
females from the entrance of their shelter, most often
by partially extending from the shelter, erecting the
dorsal fin (Fig. 3A), and rapidly retreating backward
into the shelter. Occasionally courting males extend
completely out of the shelter and some individuals
periodically or regularly forage outside of shelters
(Hastings 2002).

Materials and methods
Dimorphic characters

The systematic literature on chaenopsids was sur-
veyed for descriptions of sexual dimorphism of all
currently recognized species. This task was facilitated
by the thorough and relatively consistent coverage of
many species of chaenopsids by Stephens (1963,
1970). Additional references consulted for each of
the 11 genera are as follows. Acanthemblemaria:
Stephens et al. (1966), Smith-Vaniz and Palacio
(1974), Acero (1984a), Rosenblatt and McCosker
(1988), Johnson and Brothers (1989), Hastings
(1990), Hastings and Robertson (1999); Chaenopsis:
Bohlke (1957a), Robins and Randall (1965), Hastings
and Shipp (1981); Cirriemblemaria: Hastings (1997);
Coralliozetus: Stephens et al. (1966), Acero (1987),
Hastings (1991a, 1997, 2002); Ekemblemaria: Acero
(1984a), Hastings (1992a); Emblemaria: Johnson and
Greenfield (1976), Acero (1984b), Williams (2002);
Emblemariopsis: Cervigon (1999), Greenfield (1975),
Greenfield and Johnson (1981), Tyler and Tyler
(1997, 1999); Hemiemblemaria: Longley and
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Sexual dimorphism in chaenopsid blennies

Fig. 1 Relatively monomorphic chaenopsids. A) Neoclinus blanchardi male (Dimorphism score: M, morphology=2; C, coloration=0); B)
Mccoskerichthys sandae (Dimorphism score: M=1, C=0); C) Acanthemblemaria exilispinus (Dimorphism score: M=0, C=0); D)

Protemblemaria bicirris (Dimorphism score: M=1, C=4); E) Hemiemblemaria simulus (Dimorphism score: M =0, C=0). Photo credits:
A) by K. Bondy; B) by C. Bryce; C) by G. R. Allen; D) by A. Hermosillo; E) by K. Bryant [B) and C) from Shorefishes of the Eastern

Pacific; D) and E) from Shorefishes of the Greater Caribbean].

Hildebrand (1941), Bohlke (1957a), Bohlke and
Chaplin  (1968); Lucayablennius: Bohlke (1957),
Bohlke and Chaplin (1968), Greenfield (1972);
Meccoskerichthys: Rosenblatt and Stephens (1978);
Neoclinus: Hubbs (1953); Protemblemaria: Bohlke
and Cervigon (1967) and Hastings (1997, 2001).
This literature compilation was revised and/or
augmented by examination of preserved specimens
in museum collections. All preserved specimens
had been fixed in formalin and transferred to either
70% ethanol or 50% isopropanol. Primary specimens
examined are listed in Supplementary Table S1, al-
though additional specimens were examined for
most species. These served to verify literature
descriptions, to provide data on characters not uni-
formly covered in the literature (e.g., osteology, col-
oration), and to provide data on poorly known and
incompletely described species. Adult males and

females were examined for 66 of the 89 currently
recognized species of chaenopsids (Supplementary
Table S1). Species not included in this survey are
listed in Supplementary Table S2.

Characters examined included morphological fea-
tures (osteology, shape differences, soft anatomy, and
fin shape and size) and coloration of the head, body,
and fins (Table 1). Osteological characters were ex-
amined on cleared-and-stained specimens
(Dingerkus and Uhler 1977) where available. Soft
anatomy and coloration characters were examined
on formalin-fixed and alcohol-preserved specimens
(Supplementary Table S1). Morphometric characters
included head shape, jaw length, lengths of the su-
praorbital and nasal cirri, and fin shapes and sizes.
Head shape was subjectively scored as rounded
(snout region steeply curving, snout length less
than orbital diameter), pointed (snout less steeply
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Fig. 2 Moderately dimorphic chaenopsids. A) Acanthemblemaria crockeri male, and B) female (Dimorphism score: M=0; C=7); C)
Emblemariopsis diaphana male, and D) female (Dimorphism score: M=1, C=10); E) Chaenopsis limbaughi male, and F) female
(Dimorphism score: M =3, C=10). Photo credits: A) and B) by G.R. Allen (from Shorefishes of the Eastern Pacific); C), D), and F) by
C. and E. Estape; E) by E. Muller (from Shorefishes of the Greater Caribbean).

curving, snout length approximately equal to orbital
diameter), or elongate (snout longer than orbital di-
ameter). Jaw length was scored as its posterior extent
relative to other features of the head including the
posterior margin of the orbit, the preopercle, or the
opercle. Several other morphometric characters
reported to be sexually dimorphic in some chaenop-
sids were not included in this survey because of lack
of data for most species. These included length of
the abdomen which is reportedly larger in females of
Neoclinus uninotatus, N. blanchardi, N. okazaki, and
Coralliozetus angelicus (Hubbs 1953; Fukao 1990;
Hastings 1991a), head length which is reportedly
greater in males of Cirriemblemaria lucasana
(Stephens 1963), interorbital width and pelvic-fin
length which are reportedly greater in male

Coralliozetus micropes (Stephens 1963), and length
of spines on the head which is reportedly greater
in males of Acanthemblemaria crockeri (Stephens
1963). Two meristic characters, number of palatine
teeth and number of precaudal vertebrae, reportedly
dimorphic in C. angelicus (Hastings 1991a) were also
not included. Finally, size dimorphism reported for
several species of chaenopsids (e.g., Hastings 1991a;
Hastings and Robertson 1999) will be considered in
a separate study.

Because life colors are unknown for most species,
this study focused on color features retained in
formalin-fixed and alcohol-preserved specimens,
i.e., the distribution and density of melanophores.
Melanophore distribution and density is often ex-
tremely variable in chaenopsids, both within and
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Sexual dimorphism in chaenopsid blennies

Fig. 3 Highly dimorphic chaenopsids: A) Emblemaria pandionis male, and B) female (Dimorphism score: M=5, C=12); C) Coralliozetus
cardonae male, and D) female (Dimorphism score: M =17, C=11); E) Coralliozetus boehlkei male (Dimorphism score: M =17, C=12);
F) Cirriemblemaria. lucasana male (Dimorphism score: M =13, C=7). Photo credits: A) and B) by K. Bryant; C) and D) by J. Van Tassel
and D. R. Robertson; E) by Kevin Lee; F) by A. Hermosillo (A-D from Shorefishes of the Greater Caribbean, E-F from Shorefishes of

the Eastern Pacific).

across the sexes of conspecifics. For most species,
maximum sexual color differences occur during the
breeding season when the density, expansion, and
thus prominence of melanophores (and bright colors
in many species) increases in males. An attempt was
made to examine collections that included males
with a well-developed genital papilla and females
with a highly fimbriate genital area (see Bohlke
1957b, Fig. 2), and collections in which the greatest
differences in coloration of the sexes were observed.
Consequently, color differences reported herein re-
flect the greatest difference between the sexes as far

as detectable given available specimens. Many chae-
nopsids (e.g., all species of Coralliozetus) exhibit dra-
matic dimorphism in bright colors during breeding
and also retain a significant level of color dimor-
phism in the non-breeding season. In others, sexual
differences in melanophore concentration are main-
tained throughout the breeding season, with the
sexes reverting to similar coloration in the non-
breeding season. In a few chaenopsids, males exhibit
unique color patterns (e.g., expanded melanophores)
only while courting, quickly reverting to a coloration
similar to that of females when not courting
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Table 1 Sexually dimorphic characters of chaenopsids, including general character condition in monomorphic species, observed sexual
differences, and sexually dimorphic taxa

Character

General condition in
monomorphic species

Observed sexual differences

Dimorphic taxa

M-I. Morphology: Osteology
M-la. Infraorbital size
M-Ib. Infraorbital number

M-lc. Infraorbital texture

M-Id. Nasal fusion

M-le. Nasal texture

M-Il. Morphology: Morphometrics
M-lla. Head shape

M-lIb. Jaw length

M-llc. Supraorbital cirrus length

M-IId. Nasal cirrus length

M-lIl. Morphology: Soft Anatomy
M-llla. Lip shape
M-IlIb. Dewlap on chin
M-lllc. Snout flaps
M-Illd. Nape papillae
M-llle. Nape folds
M-IIlf. Nape muscles

M-lllg. Dorsal sensory pores
M-IV. Morphology: Fins

M-IVa. Dorsal fin shape

M-IVb. Dorsal fin size

M-IVc. Dorsal fin flap

M-IVd. Dorsal fin notch
M-IVe. Pectoral fin shape
M-IVA. Pelvic fin rays

C-l. Coloration: Head
C-la. Head

C-Ib. Lower jaw

C-lc. Branchiostegals
C-ll. Coloration: Body
C-lla. Lateral body

C-llb. Abdomen

C-llc. Anterior of pelvic fins

Thick or slender
Two or four

Variable: smooth, pits, spines, or
ridges

Fused or separate

Variable: smooth, pits, spines,
ridges or knobs

Variable: rounded, pointed, or
elongate

Variable: from mid-orbit to past
operculum

Variable: absent, or < half orbital
diameter to > orbital diameter

Variable: absent, tiny, short, or
long

Flat

Absent or present
Absent

Absent

Absent

Present or absent

Few to many

Variable
Variable

Variable: absent, thin, moderate,
or flaglike

Absent, slight, or deep
Rounded or pointed

Incised or not (membrane to
ray tips)

Variable
Variable

Variable

Variable

Variable
Variable

More slender in females
Three in females

Smoother in females

Fused in males, separate in females

Smoother in females

More pointed in females

Shorter in females

Shorter in females

Shorter in females

Protruding in females
Larger in males
Present in males
Present in males
Present in males

Absent in females

Fewer in males

Variable

Larger in males

Present in males, absent in females

Deeper in females

More pointed in females

Not incised in males, incised in females

Darker in males

Uniform, darker in males; banded in

females

Darker in males

Darker in males
Darker in males

Clear areas in females

Various species
Coralliozetus spp.

Various species

Coralliozetus spp.

Various species

Various species

Various species

Various species

Various species

Coralliozetus spp.

Two Chaenopsis spp.
C. lucasana

C. lucasana
Emblemaria spp.
Coralliozetus spp.
Some Emblemaria spp.

Coralliozetus spp.

Various species
Various species

Emblemaria spp.

Emblemariopsis spp.
Various species
Various species

Some Emblemaria spp.

Most species

Various species

Most species

Various species

Various species

Ekemblemaria spp.

(continued)
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Sexual dimorphism in chaenopsid blennies

Table 1 Continued

General condition in

Character monomorphic species

Observed sexual differences Dimorphic taxa

C-lIl. Coloration: Fins

C-llla. Dorsal fin, anterior Variable
C-lllb. Dorsal fin, spot(s) Variable
C-lllc. Dorsal fin, posterior Variable
C-llld. Dorsal fin “windows” Absent
C-llle. Caudal fin Variable
C-llIf. Anal fin Variable
C-lllg. Posterior median fins Variable
C-lllh. Pectoral fin base Variable
C-llli. Pectoral fin Variable
C-lllj. Pectoral fin bands Absent
C-lllk. Pelvic fin Variable

Darker in males Most species

Present or absent in either sex Various species
Darker in males Various species
Clear spots present in females Ekemblemaria spp.
Darker in males Various species
Darker in males Most species
More clear area in females Ekemblemaria spp.
Darker in males Various species
Darker in males Various species
Present in females C. micropes

Darker in males Various species

(e.g., Acanthemblemaria exilispinus, personal observa-
tion). Such features could not be detected in this
study, and no attempt was made to quantify these
ephemeral color differences or to distinguish be-
tween  permanent and  temporary  sexual
dichromatism.

Degree of color dimorphism was assessed by scor-
ing the pattern and/or relative density of melano-
phores of males and females on the head, body,
and fins (Table 1). Three characters were scored on
the head (overall head coloration and that on the
lower jaw and branchiostegal membranes), 3 charac-
ters were scored on the body (lateral aspect, abdo-
men, and region anterior to the pectoral fin), and 11
were scored on the fins (Table 1). These included the
location of anterior dorsal-fin spots, other pigment
on the anterior (spinous) dorsal fin, posterior (seg-
mented-ray portion) dorsal fin, caudal fin, anal fin,
pectoral fin, and pelvic fin. In some cases these were
scored as both the pattern of melanophore distribu-
tion and the density of melanophores when one or
more of the study species exhibited a sex-related dif-
ference in that particular region.

These characters are not considered to be
completely independent (see Emerson and Hastings
1998) and many are not suitable as typical phyloge-
netic characters (and consequently are termed
“scores” instead of “states”). Resolution of phyloge-
netic relationships is not the intent of this survey,
and some character scores reflect an arbitrarily di-
vided, graded degree of divergence of the sexes. For
example, courting males of many species become in-
creasing dark via an increase in the density and ex-
pansion of melanophores. This is often expressed on

the branchiostegal membranes and head, but may
extend across the entire head, body, and fins in
some species.

Character scores for males and females of all 66
included species were recorded for all 39 characters
found to be sexually dimorphic in any species
(Supplementary Table S3). These data are summa-
rized in Table 2 that record the number of characters
within each category differing in males and females
for each species, as well as the total numbers of di-
morphic morphological, coloration, and all charac-
ters for each species. Summary statistics for the 11
currently recognized genera are given in Table 3.

Phylogenetic relationships and character mapping

The pattern of sexual dimorphism in chaenopsids
was analyzed on a composite phylogenetic hypothesis
assembled from several recent studies. The phyloge-
netic analysis of Lin and Hastings (2011) included 35
species and was based on both molecular data (829
parsimony informative characters) and morphologi-
cal data (145 parsimony informative morphological
characters that included 19 sexually dimorphic char-
acters). The most parsimonious tree reflected the
signal in the molecular data, thus the morphological
characters did not affect the final outcome. The
monophyly of all currently recognized genera was
supported by one or more morphological synapo-
morphies and confirmed with genetic data (Lin
and Hastings 2011). The relationships of Neoclinus
and its sister group, the monotypic Mccoskerichthys,
to the Chaenopsidae are unresolved. Although con-
sidered closely related to, or members of, the
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Table 2 Number of sexually dimorphic characters for morphology, coloration, and total for each species
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Morphology Coloration
M-l M-Il M-Il M-IV M-Total C-l C-ll C-lil C-Total Total
Number of characters in category 5 4 7 6 22 3 3 11 17 39
Acanthemblemaria
aspera 0 0 0 0 0 2 2 6 10 10
atrata 0 0 0 0 0 1 0 0 1 1
balanorum 0 0 0 0 0 1 0 0 1 1
betinensis 0 0 0 0 0 3 1 2 6 6
castroi 0 0 0 0 0 2 1 3 6 6
chaplini 0 0 0 0 0 3 2 5 10 10
crockeri 0 0 0 0 0 2 2 3 7 7
exilispinus 0 0 0 0 0 0 0 0 0 0
greenfieldi 0 0 0 0 0 1 1 0 2 2
hancocki 0 0 0 0 0 3 1 5 9 9
harpeza 0 0 0 0 0 1 1 1 3 3
hastingsi 0 0 0 0 0 3 2 5 10 10
macrospilus 0 0 0 0 0 3 2 5 10 10
mangognatha 0 0 0 0 0 2 0 1 3 3
maria 0 0 0 0 0 0 0 0 0 0
medusae 0 0 0 0 0 3 1 3 7 7
paula 0 2 0 0 2 1 1 0 2 4
rivasi 0 0 0 0 0 2 2 6 10 10
spinosa 0 0 0 0 0 2 1 3 6 6
stephensi 0 0 0 0 0 2 2 6 10 10
Chaenopsis
alepidota 0 0 0 2 2 3 2 5 10 12
coheni 0 0 0 2 2 3 2 6 11 13
deltarrhis 0 0 0 2 2 3 1 6 10 12
limbaughi 0 0 1 2 3 3 2 5 10 13
ocellata 0 0 0 2 2 3 2 3 8 10
resh 0 0 1 2 3 3 2 7 12 15
roseola 0 0 0 0 0 2 0 3 5 5
schmitti 0 0 0 2 2 3 0 6 9 11
new species 0 0 0 2 2 2 0 3 5 7
Cirriemblemaria
lucasana 3 3 3 4 13 1 0 6 7 20
Coralliozetus
angelicus 5 4 3 5 17 3 2 8 13 30
boehlkei 5 4 3 5 17 3 2 7 12 29
cardonae 5 4 3 5 17 3 2 6 11 28
micropes 5 4 3 5 17 3 2 9 14 31
rosenblatti 5 3 3 5 16 3 2 8 13 29
springeri 5 4 3 5 17 3 2 6 11 28
Ekemblemaria
myersi 0 1 1 1 2 3 6 7
nigra 0 1 1 1 1 3 5 6

(continued)
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Sexual dimorphism in chaenopsid blennies

Table 2 Continued

Morphology Coloration
M-l M-Il M-l M-IV M-Total C- C-i C-lil C-Total Total

Emblemaria

atlantica 3 4 1 4 12 3 2 6 1" 23

caldwelli 0 1 0 4 5 3 2 6 11 16

caycedoi 0 1 1 2 4 3 1 5 9 13

diphyodontis 3 3 1 5 12 3 2 7 12 24

hudsoni 3 4 1 5 13 3 2 7 12 25

hyltoni 0 2 0 1 3 3 2 6 11 14

hypacanthus 3 4 1 6 14 3 2 7 12 26

nivipes 0 0 0 4 4 3 2 8 13 17

pandionis 0 1 0 4 5 3 2 7 12 17

piratica 3 3 1 5 12 3 2 7 12 24

piratula 2 2 0 5 9 3 2 7 12 21

walkeri 3 3 1 5 12 3 0 4 7 19
Emblemariopsis

bahamensis 3 2 1 0 6 3 2 6 11 17

diaphana 1 1 0 0 2 3 2 5 10 12

leptocirris 1 2 0 0 3 3 2 5 10 13

occidentalis 2 2 1 0 5 3 2 5 10 15

pricei 0 0 0 0 0 3 1 5 9 9

randalli 1 1 1 0 3 1 1 5 7 10

signifera 2 1 1 1 5 3 2 7 12 17
Hemiemblemaria

simulus 0 0 0 0 0 0 0 0 0 0
Lucayablennius

zingaro 0 0 0 0 0 0 1 2 3 3
Mccoskerichthys

sandae 0 1 0 0 1 0 0 0 0 1
Neoclinus

blanchardi 0 1 0 1 2 0 0 0 0 2

stephensae 0 1 0 0 1 2 1 6 9 10

uninotatus 0 2 0 1 3 0 0 0 0 3
Protemblemaria

bicirris 0 0 0 0 0 2 0 0 2 2

perla 0 0 0 0 0 1 0 4 5 5

punctata 0 0 0 1 1 2 0 2 4 5

M-l=osteology; M-ll=morphometrics; M-lll=soft anatomy; M-IV=fins; M-Total=all morphological characters; C-I=head coloration; C-ll=body
coloration; C-lll=fin coloration; C-Total=all coloration characters; Total=combined morphology and coloration characters (Table 1).

Chaenopsidae  (Stephens 1963; Rosenblatt and
Stephens 1978; Hastings and Springer 1994; Lin
and Hastings 2011), the relationships of this clade
were not clearly resolved in a recent genetic analysis
of blenniiform fishes. It emerged along with

chaenopsids within a poorly resolved region of short
branch lengths in the blenniiform tree (Lin and
Hastings 2013). Both Neoclinus and Mccoskerichthys
are hole-dwelling as are other chaenopsids, and are
included in this study as the sister group of the
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Table 3 Summary of sexually dimorphic features for genera of chaenopsids

Morphology (22) Coloration (17) Total (39)
Acanthemblemaria (20/21) 0.1 (0.4) 02 5.6 (3.8) 0-10 5.7 (3.7) 0-10
Chaenopsis (9/11) 2.0 (0.9) 0-3 8.9 (2.5) 5-12 109 (3.1) 5-15
Cirriemblemaria (1/1) 13 (=) 13 7()7 20 (—) 20
Coralliozetus (6/6) 16.8 (0.4) 16-17 12.3 (1.2) 11-14 29.2 (1.2) 28-31
Ekemblemaria (2/3) 1.0 (0) 1 5.5 (0.7) 5-6 6.5 (0.7) 6-7
Emblemaria (12/16) 8.7 (4.2) 3-14 11.1 (1.6) 7-13 19.9 (4.5) 13-26
Emblemariopsis (7/14) 34 (2.1) 0-6 9.9 (1.6) 7-12 13.3 3.2) 9-17
Hemiemblemaria (1/1) 0(-)0 0(-)0 0(-)0
Lucayablennius (1/1) 0(-)0 3(-)3 3(—)3
Mccoskerichthys (1/1) 1(—)1 0(—)0 1(=)1
Neoclinus (3/11) 2.0 (1.0) 1-3 3.0 (5.2) 0-9 5.0 (44) 2-10
Protemblemaria (3/3) 0.3 (0.6) 0-1 3.7 (1.5) 2-5 4.0 (1.7) 2-5
All genera (66/89) 4.1 (5.6) 0-17 7.7 (4.1) 0-14 11.9 (8.6) 0-31

Numbers in parentheses in heading are numbers of dimorphic characters in that category, those after genera are number of species included in
survey/total number of species in genus. Means (standard deviation) ranges are for characters listed in Table 1 and scored in Table 2.

Chaenopsinae (sensu Lin and Hastings 2011).
Genetic data indicate that the enigmatic genus
Stathmonotus, sometimes included in  the
Chaenopsidae (Hastings and Springer 1994), is
more closely related to the paraclinin labrisomids
(Lin and Hastings 2013) and is not included in
this study.

Within the Chaenopsinae (Fig. 4) the distinctive
genus Coralliozetus (Hastings 2002) with six species
is sister to all others, followed by a clade with
Protemblemaria (three species), Cirriemblemaria
(one species), and the western Atlantic endemic ge-
nus Emblemariopsis (14 species). This lineage is sister
to a large clade that includes Acanthemblemaria with
21 species, and a “reef-sand clade” (see Lin and
Hastings 2011) that includes Ekemblemaria (three
species; Hastings 1992a) and the monotypic
Hemiemblemaria, plus the “Chaenopsis clade”
(Hastings 1992b; Lin and Hastings 2011). The latter
clade includes the monotypic genera Lucayablennius,
and Tanyemblemaria, and two relatively speciose
genera, Chaenopsis with 11 species, and Emblemaria
with 16 species.

Species-level relationships of chaenopsids have
been hypothesized for some but not all genera.
Relationships of the six species of Coralliozetus are
incompletely resolved due to conflicts in characters,
however, the “total evidence” tree based on both
molecular and morphological data (Lin and
Hastings 2011) is followed here (Fig. 5). Species-
level  relationships ~ were  hypothesized  for
Protemblemaria by Hastings (2001) using morpho-
logical characters (none sexually dimorphic), and

for Acanthemblemaria most recently using genetic
data by Eytan et al. (2012) but also using morpho-
logical data (60 characters, one sexually dimorphic)
by Hastings (1990), Almany and Baldwin (1996),
and Hastings and Robertson (1999). Species-level
relationships  within  Emblemariopsis, Chaenopsis,
and Emblemaria have not been studied in detail
and consequently are for the most part represented
in this study as polytomies (Fig. 5). Stephens’ (1963)
hypothesis of relationships of species of Emblemaria
known at that time was largely based on similarity.
However, a four-species clade within Emblemaria,
the “caldwelli species group,” with a uniquely re-
duced third pelvic-fin ray (Johnson and Greenfield
1976; Williams 2002) is recognized here.

Using results from these separate studies, a com-
posite phylogenetic hypothesis (Fig. 5) was con-
structed and used to trace the evolution of sexual
dimorphism by plotting the number of sexual di-
morphic morphological, coloration, and total char-
acters in each species as follows. Morphological
characters were arbitrarily scored as: 0 =no dimor-
phic characters; 1=1-4 characters; 2=5-8; 3=9—
11; and 4 = 12-17. Coloration characters were scored
as: 0=none; 1 =1-4; 2=5-8; 3=9-11; and 4 = 12—
14. Total characters were scored as: 0 =none; 1 = 1—
6; 2=7-13; 3=14-19; and 4 =20-31. The presence
of unresolved polytomies in the phylogenetic hy-
pothesis for the genera Emblemariopsis, Emblemaria,
and Chaenopsis precluded stochastic character map-
ping. Consequently these characters were considered
unordered and the most parsimonious resolutions
were mapped on the phylogenetic hypothesis using
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Mccoskerichthys
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Chaenopsis
Lucayablennius
Tanyemblemaria
Emblemaria

Chaenopsis clade

Protemblemaria
clade

reef-sand clade

Chaenopsinae

Fig. 4 Phylogenetic relationships of chaenopsid genera with internal clades indicated.
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Total morphological characters

Fig. 5 Character map of number of sexually dimorphic morphological features on the composite phylogeny.

Mesquite 3.31 (Maddison and Maddison 2017). Results
Similarly, the posterior extend of the jaws relative
to the orbit and preopercular margin of males
and females, and presence/absence of sexual dimor-
phism in this feature were similarly mapped using
Mesquite 3.31.

This study revealed striking variation in the degree of
sexual dimorphism across the Chaenopsidae. The
lineage includes essentially monomorphic species as
well highly dimorphic species that exhibit differences
in a variety of phenotypic characters ranging from
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osteological features to both transient and perma-
nent color differences (Table 1). Among the 66 spe-
cies included in this survey, the total number of
sexually dimorphic characters ranged from 0 to 17
for morphological characters, 0 to 14 for coloration
characters, and 0 to 31 for all characters (Table 2).
These numbers represent a minimum number of
sexually dimorphic characters as additional dimor-
phic characters would be revealed through morpho-
metric analyses (e.g., abdomen length is reportedly
dimorphic in some species), examination of addi-
tional specimens collected near the time of breeding
(e.g., transient color differences), and if more speci-
mens of poorly known species were available.

Types of sexually dimorphic characters

Several chaenopsids are sexually dimorphic in oste-
ological features in the head area. In these, the gen-
eral pattern is for males to have more heavily ossified
bones than females (Table 1). For example, the
infraorbitals are thicker and larger in males of
Coralliozetus  (see Hastings 1991a, Fig. 3b),
Cirriemblemaria, and Emblemaria. In most relatively
monomorphic species, the infraorbitals are thick and
heavily ossified in both sexes (e.g., species of
Acanthemblemaria), while in a few they are slender
in both sexes (e.g., Lucayablennius zingaro).
Associated with a decrease in robustness of the
head, pedomorphic females of all species of
Coralliozetus have three infraorbital elements instead
of two as in male Coralliozetus and both sexes of
other chaenopsins (Hastings 1991a, Fig. 3a, 2002).
Both sexes of Neoclinus and Mccoskerichthys have
four relatively thick infraorbitals.

Relative jaw length differs greatly among chaenop-
sids and across the sexes of many species (Fig. 8). In
males of most species, the posterior tip of the max-
illa extends beyond the level of the posterior margin
of the orbit, and in some cases extends posteriorly
well past the posterior margin of the preopercle, and
well past the posterior margin of the opercle in
Neoclinus blanchardi. In females of many species,
the jaws are similarly long (not dimorphic), while
in others, the jaws are shorter than those of males.
The relative size of the jaws of both males and
females has evolved frequently among chaenopsids
(Fig. 8).

Several aspects of shape and soft anatomy, espe-
cially in the head region, differ between male and
female chaenopsids (Table 1). In most species, males
and females have similar head shapes, but in females
of all species of Coralliozetus, and some species of
Emblemaria and Emblemariopsis, females have more
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pointed heads than males. The relative lengths of the
supraorbital cirri and, less frequently, the nasal cirri
are dimorphic in several species and these cirri are
consistently longer in males. A number of other ex-
terior soft-tissues features, such as additional cirri or
fleshy ridges on the head, have evolved sporadically
in chaenopsids and in species in which such features
are sexually dimorphic, they are consistently larger in
males.

The fins of chaenopsids show an extraordinary
degree of variation within and across species
(Table 1), and it is here that some of the most strik-
ing sexually dimorphic features are evident. Chief
among these is the size and shape of the anterior
dorsal fin, which is typically low and more-or-less
even in profile in most species. In several dimorphic
species, the anterior dorsal fin is elevated in males,
being sail-like in several including species of
Emblemaria (Fig. 3A), C. micropes, and some species
of Chaenopsis (Fig. 2E), and spike-like in a few (e.g.,
Coralliozetus rosenblatti, Emblemariopsis signifera). In
these, the dorsal fin of females is lower than that of
males (Figs. 2F, 3B). Differences between males and
females in more posterior regions of the dorsal fin as
well as the other fins are seen in some chaenopsids.
The pectoral fins of most species are rounded in
both sexes, and pointed (with central rays consider-
ably longer than those above and below) in both
sexes of a few. In a number of species the fins of
males are rounded while those of females are
pointed. The pelvic fins of both sexes of most chae-
nopsids, like those of most other blenniiforms, are
deeply incised and the free rays serve as props for
resting on the substrate. However in several species
of Emblemaria, the pelvic fins of males have enlarged
membranes between the segmented rays that extend
the full length of the rays, while females have typical
incised fins. In courting males these are often heavily
pigmented (Fig. 3A) and especially conspicuous dur-
ing displays (Smith et al. 1998).

Sex-based dichromatism is common and wide-
spread in chaenopsids. In most cases, males have
more dense melanophores than females, especially
during the breeding season (Table 1). This includes
the overall head region and the branchiostegal mem-
brane in most species, but also extends posteriorly to
the lateral body and fins in many (e.g., Fig. 3C,D). In
a number of species the lower jaw coloration is di-
morphic with a general pattern that females have
bands on the lower jaw, while males have darker,
more uniformly colored lower jaws (e.g.,
Fig. 3C,D). It is clear from Table 1 that sexual di-
chromatism is most prominent in features associated
with the head and anterior portions of the body and
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fins. The anterior dorsal fin is an especially variable
region in which the sexes of many chaenopsids differ
in the size and shape of this fin as well as in overall
coloration and the position of a spot or spots (e.g.,
Fig. 2E,F). Posteriorly, male and female chaenopsids
more closely resemble one another in coloration as
well as in morphology.

Patterns of dimorphism in chaenopsids

Not surprisingly, sexual dimorphism is not uni-
formly distributed among chaenopsids. Rather,
some lineages are relatively monomorphic while
others are highly dimorphic. Members of the
Neoclinus clade, sister to the Chaenopsinae, are rela-
tively monomorphic with the sexes differing most
prominently in the length of the jaw which is ex-
traordinarily long in males of the large-bodied spe-
cies (Hongjamrassilp et al. 2018) and in a few color
characters. Males and females of the monotypic
Meccoskerichthys differ in only one morphological
character, jaw length, and no coloration differences
are known, although breeding coloration for this
species has not been described.

Within the Chaenopsinae, the six species of the
genus Coralliozetus (Fig. 3C-E) exhibit the greatest
degree of sexual dimorphism, with males and
females differing in 17 morphological features and
11-14 coloration characters (Table 2). The
“Protemblemaria clade” includes the relatively mono-
morphic genus Protemblemaria, the highly dimorphic
monotypic genus Cirriemblemaria (Fig. 3F), and the
variably dimorphic genus Emblemariopsis (Table 2).
Most species in the genus Acanthemblemaria are rel-
atively monomorphic, especially with regard to mor-
phological features (Table 2). Their most striking
sexual differences center around coloration. A few
species, such as A. crockeri (Fig. 2A,B) and A. aspera,
exhibit permanent differences in coloration, espe-
cially along the sides of the body in the former
(Stephens 1963). More commonly, sexual differences
in coloration result from increased development of
melanophores in males at the time of breeding.
These differences in breeding coloration are most
conspicuous on the head, especially the branchioste-
gal region, and on the anterior dorsal fin, but are
expressed throughout the body in some species. At
least one species, A. exilispinus (Fig. 1C), exhibits no
apparent sexual differences in coloration (or other
features) although males take on a distinctive dark
head coloration with lighter eyes while courting
(personal observations). Within the “reef-sand
clade,” species of the genus Ekemblemaria are rela-
tively monomorphic with the exception of jaw
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length, supraorbital cirrus length, and coloration
(Hastings 1992a). The two included species exhibit
a number of unique sexual differences in coloration
(Table 2), most of which are permanent rather than
expressed at the time breeding. Sister to this genus is
the relatively monomorphic Wrasse Blenny,
Hemiemblemaria simulus (Fig. 1E). Members of the
“Chaenopsis clade” exhibit a wide range in degree of
sexual dimorphism, including relatively monomor-
phic species such as L. zingaro (Fig. 1D) and
Chaenopsis roseola, moderately dimorphic species of
Chaenopsis (Fig. 2D-F), and some highly dimorphic
species in the genus Emblemaria (Fig. 3A,B). The
latter genus exhibits the greatest range in number
of dimorphic characters of any chaenopsid genus
(Table 3). Members of the “caldwelli species group,”
as well as Emblemaria nivipes, are relatively mono-
morphic (Table 2), while others are conspicuously
dimorphic.

Evolution of dimorphism

Mapping the number of sexually dimorphic charac-
ters for species of chaenopsids on the composite
phylogeny for the family (Figs. 5-7) indicates a com-
plicated evolutionary history. For morphological
characters (Fig. 5), the plesiomorphic condition
within the family is relative monomorphism. In
Neoclinus and Mccoskerichthys, the sexes differ pri-
marily in jaw length with males having a longer
jaw. Monomorphism in morphology is characteristic
of many members of the Chaenopsinae, including
the genera Acanthemblemaria, Hemiemblemaria,
Lucayablennius, two species of Protemblemaria, and
at least one species of Chaenopsis. A relatively high
degree of morphological dimorphism (over 11 fea-
tures) has evolved independently in Coralliozetus,
Cirriemblemaria, and within Emblemaria. These in-
clude degree of ossification of selected bones of head,
development of soft tissues including most notably
the supraorbital cirri, as well as several differences in
the shape and size of fins.

The complexity of evolution of sexual differences
in chaenopsids is exemplified by the varied pattern
of changes in the relative length of the jaws (Fig. 8).
Although the lack of resolution of relationships
within several lineages limits the ability to fully re-
solve evolution of this character, it is clear that its
evolutionary history involves both increases and
decreases in relative jaw size, with evolution in males
alone, in females alone, and simultaneously in both
sexes. The ancestral condition appears to be sexual
dimorphism with the jaws of males extending past
the posterior margin of the orbit and those of
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Fig. 7 Character map of total number of sexually dimorphic features on the composite phylogeny.

females falling short of the posterior orbital margin.
Mapping presence/absence of dimorphism indicates
that the sexes diverged at least four times assuming a
minimum number of steps within polytomies
(Fig. 8A). However, mapping relative jaw length in
males and females separately indicates that this fea-
ture has changed at least seven times in males
(Fig. 8B) and at least 10 times in females
(Fig. 8C). Within the Neoclinus lineage, jaw

dimorphism is present in Mccoskerichthys, and
greatly exaggerated in two species of Neoclinus by
elongation of the jaws in males, while monomor-
phism apparently evolved in N. stephensae via elon-
gation of the jaws in females. Monomorphism
evolved via elongation of the jaws of females in
Protemblemaria and independently in
Acanthemblemaria and possibly in the
Ekemblemaria/Hemiemblemaria  clade  (character
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evolution are seen in other morphological characters
included in this survey.

Sexual differences in coloration (melanophore dis-
tribution) are more widespread in chaenopsids in-
cluding in most otherwise monomorphic species
(Fig. 6). In the genus Acanthemblemaria, the sexes
differ almost exclusively in coloration. In some
instances (e.g., A. exilispinous), these color differen-
ces are apparent only during the courtship, while in
others (e.g., A. crockeri, A. aspera) the sexes are per-
manently dichromatic in a number of features. The
genus Ekemblemaria generally exhibits several
uniquely evolved aspects of permanent coloration
(see Hastings 1992a). Species in the Chaenopsis clade
vary considerably in degree and pattern of sexual
dichromatism  within  both  Chaenopsis  and
Emblemaria.

All species exhibiting a high level of morphologi-
cal dimorphism also exhibit a high degree of color
dimorphism. Consequently, a pattern similar to that
of morphological characters is seen in the combined
data set in that the greatest degree of a dimorphism
is seen in Coralliozetus, Cirriemblemaria, and most
members of Emblemaria (Fig. 7).

Discussion

The degree of sexual dimorphism documented in
this survey represents minimum sexual differences
for species of chaenopsids. Many species remain
poorly known (Supplementary Table S2), only qual-
itative morphometric characters were included, and
the breeding coloration of many species is unknown.
In addition sex differences in bright colors were not
included as these are known for only a few species
and not retained in preserved museum specimens.
Even with these limitations, chaenopsids exhibit an
extraordinary range in degree of sexual dimorphism
and an extraordinary level of dimorphism in several
species. The group includes essentially monomorphic
species as well as highly dimorphic species in which
the sexes differ in over 30 phenotypic characters.
Members of the sister lineage to the remainder of
the chaenopsids, Neoclinus and Mccoskerichthys, are
relatively monomorphic with the sexes differing pri-
marily in jaw length, albeit dramatically so in N.
blanchardi (Hongjamrassilp et al. 2018). However
the breeding coloration of these fishes has not been
reported and the extent of dichromatism remains
unknown. Although Acanthemblemaria, the most
speciose genus in the family with 21 species, has
undergone considerable morphological evolution in
the pattern of spination on bones of the head
(Smith-Vaniz and Palacio 1974; Hastings 1990),
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this has generally not involved divergence of the
sexes. The common chaenopsid pattern of dimor-
phism in jaw length is reversed in this lineage, ap-
parently through evolution of longer jaws in females,
matching the jaw length of males (Fig. 8). Similar to
many other fishes (Kodric-Brown 1998), most spe-
cies of Acanthemblemaria exhibit distinct color dif-
ferences related to reproduction when courting males
increase in conspicuous coloration (e.g., Hastings
1988b). Also among the least dimorphic tube blen-
nies are two species that are hypothesized mimics of
other fishes. Hemiemblemaria simulus, the Wrasse
Blenny, reportedly mimics the Bluehead Wrasse
(Longley and Hildebrand 1940; but see Robertson
2003), while L. zingaro, the Arrow Blenny, resembles
and swims with hovering gobies in the genus
Coryphopterus (Greenfield 1972; Colin and Gomon
1973). The need to match the appearance of model
species may constrain the divergence of males and
females of these species. The Wrasse Blenny exhibits
some variation in color pattern with growth
(Longley and Hildebrand 1940; Stephens 1963;
Bohlke and Chaplin 1968), but this variation has
not been demonstrated to be associated with the
sexes. Although no dimorphic characters have been
identified for H. simulus, it is likely that males as-
sume a unique coloration during courtship, consis-
tent with that of other “monomorphic” chaenopsids
such as A. exilispinous in which males temporarily
darken during courtship, and L. zingaro in which
males develop melanophores around the vent. The
latter species is pedomorphic in several characters
including jaw length (Fig. 8) which is shortened in
both sexes compared with related chaenopsids
(Hastings 1992b).

A moderate degree of dimorphism is seen in the
speciose genera Chaenopsis and Emblemariopsis.
These genera include both dimorphic and relatively
monomorphic species implying considerable evolu-
tion within these apparently monophyletic lineages.
However, females of several species of both genera
are poorly known (Supplementary Table S2) and
these groups may include more highly dimorphic
species.

Three genera, Emblemaria, Cirriemblemaria, and
Coralliozetus, exhibit the greatest degree of sexual
dimorphism among chaenopsids (Table 3).
Available evidence indicates that this level of sexual
dimorphism evolved independently in each. First,
different suites of dimorphic characters are observed
in each genus. For example, several dimorphic fea-
tures of Coralliozetus are unique to this genus in-
cluding morphological features resulting from
pedomorphosis in females (Hastings 2002). The
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reduction in sensory pore number on the dorsal sur-
face of the head of males of this genus is caused by
the occlusion of pore openings with growth as a
consequence of the increased thickness of muscle in-
sertion and increased fleshiness on the dorsal surface
of the head (Hastings 1991a). Similarly, some species
of Emblemaria are unique within chaenopsids in that
the pelvic fin of males has a more elaborate and
heavily pigmented inter-ray membrane than that of
conspecific females and both sexes of other chaenop-
sids (see Smith et al. 1998, Fig. 4). Second, these
genera are nested within different clades that include
relatively monomorphic species (Fig. 7), thus inde-
pendent evolution of extreme dimorphism is sup-
ported by the pattern of character mapping. Several
of the dimorphic features of Coralliozetus are synap-
omorphies of this clade that apparently evolved in
concert (Emerson and Hastings 1998; Hastings
2002). Similarly, dimorphic features of the mono-
typic Cirriemblemaria are not present in the related
genera Protemblemaria and Emblemariopsis. The de-
gree of dimorphism within Emblemaria is more var-
iable, with most species being highly dimorphic, but
others (e.g., E. nivipes and members of the “caldwelli
species group”) being relatively monomorphic.
However, several species of Emblemaria are poorly
known (Supplementary Table S2) and the phyloge-
netic relationships of its included species have not
been hypothesized based on shared derived features.
Stephens (1963) considered E. nivipes to be the most
“primitive” member of the genus, based in part on
its relative lack of conspicuous dimorphism typical
of many other species in the genus. However, this
assertion has yet to be tested using cladistic methods.
If his hypothesis is confirmed, it implies a more
gradual evolution of the high degree of dimorphism
in Emblemaria compared with the rapid evolution
seen in Cirriemblemaria and Coralliozetus (Hastings
2002).

Why have some lineages of chaenopsids evolved
such a striking degree of sexual dimorphism while
others appear to have retained or reverted to mono-
morphism in morphological features? The answer
lies, in part, with the pattern of microhabitat use
by males and females as has been reported for sexual
dimorphism in other groups (Shine 1989). Use of
vacant tests of invertebrates is a hypothesized behav-
ioral synapomorphy of the Chaenopsidae (Stephens
1963; Hastings and Springer 1994), but the pattern
of shelter use varies within the family, and is an
important key to understanding the selective pres-
sures on chaenopsids. First, shelters serve as refuges
from predators, and their availability may limit local
populations densities (Buchheim and Hixon 1992;
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Hastings and Galland 2010). Second, shelters serve
as egg deposition sites where eggs are fertilized and
guarded by resident males. Successful defense of a
high quality shelter, sometimes in limited supply
(Hastings 1988a, 1992c¢), is necessary for male repro-
ductive success (Hastings 1986), putting a premium
on shelter defense. Shelter defense by males is facil-
itated by their generally robust features including
heavily ossified bones of the head, long jaws, robust
musculature, and large body size (Hastings 1991a).

Females of many chaenopsids also use shelters and
may spend virtually all of their time inside of shelters
(Hastings 2002). Evolution of sexual differences in
morphology in these species may be constrained by
the need for females to compete for shelters. In
these, females are similar to males in having large,
robust features. On the contrary, females of species
of the highly dimorphic genus Coralliozetus
(Hastings 2002) and the highly dimorphic
Emblemaria hypacanthus (Hastings 1991b) spend sig-
nificantly more time outside of shelters compared
with conspecific males. In these species, females
more closely resemble juveniles (i.e., are pedomor-
phic), differing from sexually mature males in having
short jaws, relatively thin bones on the head, less
well-developed musculature, and cryptic coloration.
The more pointed pectoral fins of these females may
also be related to their increased swimming behavior
while residing in the open (Hastings 2002). One ben-
efit for females abandoning shelter use is increased
feeding rates compared with conspecifics residing in
shelters; in some instances the number of bites taken
by non-resident females is an order of magnitude
greater than that of males residing in shelters
(Hastings 2002). Higher feeding rates are also seen
in juveniles and males residing outside of shelters as
a consequence of their ability to forage over a wider
area compared with individuals restricted to shelters
(Hastings 2002). It is likely that a similar divergence
in time spent inside versus outside of a shelter is
related to the increased dimorphism in C. lucasana
and some species of Emblemariopsis (see Tyler and
Tyler 1999).

Sexual differences in habitat use do not appear to
be the only factor involved in the evolution of sexual
dimorphism in chaenopsids. While competition for
shelters dictates robust morphology including long
jaws, many features of males of highly dimorphic
species are more characteristic of epigamic selection
(Anderson 1984; Prum 2017). This is especially true
of the elaborate morphology of males and the con-
spicuous coloration they assume when courting
females. In several species, dimorphic features of
males such as the elevated dorsal fin and elongate
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supraorbital cirri are accentuated by bright colora-
tion (features not included in this study). For exam-
ple, while female chaenopsids typically have drab
supraorbital cirri, courting males of species of
Emblemaria have cirri ranging from black to red to
blue, sometimes with bands of color, while courting
males of species of Coralliozetus have cirri ranging
from black (C. micropes and C. cardonae; Fig. 3C) to
white (C. rosenblatti and C. boehlkei; Fig. 3E) to blue
(C. springeri) to yellow (C. angelicus; personal observa-
tions). Also, males are more likely than females to ex-
hibit bright colors on the anterior dorsal fin, a region
prominently displayed during courtship (Fig. 2E,F).

The features of chaenopsids that exhibit the great-
est differences between the sexes are generally located
on the head and anterior dorsal fin (Table 1). These
areas are particularly important in aggressive and
courtship displays in chaenospids and other blennies
(Thresher 1984; Neat and Lengkeek 2009). In aggres-
sive interactions, resident tube blennies extend par-
tially outside of their shelter, flare the branchiostegal
membranes, erect the dorsal fin, and often gape the
mouth. Similarly, these same areas are especially ev-
ident in males during courtship which typically
involves a male lunging outward from the shelter,
erecting the dorsal fin and flaring the branchial re-
gion (personal observations). All of these are areas of
the head and body that show considerable variation
in morphology and in coloration, both across species
and across the sexes of many chaenopsids.

Simply mapping the presence/absence of sexual
dimorphism (Figs. 5-7) masks considerable evolu-
tion. This is illustrated by looking at the evolution
of relative jaw length in males and females. Mapping
the presence/absence of dimorphism in jaw length
indicates that the sexes diverged at least four times
assuming a minimum number of steps within polyt-
omies (Fig. 8A). However, mapping relative jaw
length in males and females separately indicates a
substantially higher rate of evolution in both sexes
(Fig. 8B,C). This included co-evolution of jaw length
in both sexes to maintain monomorphism (e.g.,
elongation  in Chaenopsis, reduction  in
Lucayablennius), evolution in a single sex to achieve
monomorphism (e.g., elongation in females of
Protemblemaria), and evolution in one sex to achieve
or magnify dimorphism (e.g., reduction in females of
Emblemaria, elongation in males of two species of
Neoclinus).

Sexual dimorphism in jaw length is seen in a va-
riety of non-hermaphroditic teleosts including sal-
monids (e.g., Beacham and Murray 1986),
rockfishes (Lenarz and Echeveria 1991), gymnoti-
forms (Hilton and Fernandez 2006), gobies (e.g.,
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Crabtree 1985; Pezold 2004), and other blenniiforms
(e.g., Kotrschal 1988; Brooks 1991). Longer jaws in
males is also common in oral brooding fishes such as
jawfishes  (Smith-Vaniz 1972), cardinal fishes
(Barnett and Bellwood 2005), and cichlids (Oliveira
and Almada 1995) that likely facilitate accommoda-
tion of increased numbers or improved development
of eggs (Hess 1993; Barnett and Bellwood 2005).
Some authors have suggested that jaw dimorphism
in fishes may be related to partitioning of food
resources by the sexes, but this rarely has been dem-
onstrated (but see McGee and Wainwright 2003),
and has not been examined in chaenopsids or other
blenniiforms (Kotrschal and Thomson 1986). In di-
morphic chaenopsids, the jaws of males are invari-
ably longer than those of females, a situation
common to most fishes exhibiting jaw dimorphism.
Available evidence supports the hypothesis that in-
creased jaw size of males in at least one blenny serves
to amplify apparent body size during aggressive gap-
ing displays (Hongjamrassilp et al. 2018).

Chaenopsids join a growing list of groups for
which a complex pattern of evolution of dimorphism
is emerging involving repeated trait reversals
(Omland 1997; Wiens 2001) and divergence in
females as well as in males (e.g., Gluckman 2014;
Price and Eaton 2014; Price 2015). It is clear that
simply coding characters as dimorphic or not dimor-
phic potentially obscures a more complex evolution-
ary history within lineages. A more complete
understanding of the evolution of sexual differences
in groups such as the Chaenopsidae will require
study of the evolution of single characters indepen-
dently in both males and females on fully resolved
phylogenetic hypotheses.

Summary

The strikingly different patterns of sexual dimor-
phism exhibited by chaenopsids have come about
via complex patterns of evolution including changes
solely in males, solely in females, and simultaneous
changes in both sexes. This represents an ideal group
to study selective factors leading to the divergence of
the sexes. This is especially true because the mating
system of chaenopsids, a resource defense polygyny
system with male care of eggs is common to both
relatively monomorphic and highly dimorphic spe-
cies (Hastings 1986; Hastings and Petersen 2010).
The underlying causes for the evolution of dimor-
phism identified to date include habitat segregation
(Hastings 2002), but also clearly involve both forms
of sexual selection.

202 Iudy Gz uo 1senb Aq 9Z/69€5/£002G0/1./1/I01HE/GOl/W00"dNO"0IWSPEdE//:SARY WOy POPEojuMod



Sexual dimorphism in chaenopsid blennies

Acknowledgments

Compilation of the data set used in this survey cov-
ered many years and the curators and staff of the
following institutions are thanked for facilitating ac-
cess to specimens: ANSP (J. Lundberg, M. Sabaj, W.
Saul, W. Smith-Vaniz), CAS (D. Catania, W.
Eschmeyer, T. Iwamoto, J. McCosker), GCRL (C.
Dawson, S. Poss), LACM (R. Feeney, R. Lavenberg,
J. Siegel, C. Thacker), SIO (C. Klepadlo, R.
Rosenblatt, H. Walker), UAZ (D. Thomson), UF
(G. Burgess, C. Gilbert, R. Robins), and USNM (S.
Jewett, V. Springer, J. Tyler, J. Williams). D.R.
Robertson, G. Allen, P. Humann, R. Fukao, ]J.
McCosker, and J. Stephens provided additional
specimens used in this study. K. Bondy, K. Brice,
K. Bryant, S. Dramstad, C. Estape, E. Estape, A.
Hermosillo, A. Humann, P. Humann, K. Lee, E.
Muller, J. Van Tassell, and especially G. Allen and
D.R. Robertson are thanked for providing photo-
graphs of chaenopsids.

Funding

This research was supported in part by the National
Science Foundation [BSR 9001173, IBN 9407993],
the Whiteley Center, Friday Harbor Laboratories,
and the University of California San Diego
Academic Senate.

Supplementary data
Supplementary data are available at IOB online.

References

Acero A. 1984a. The chaenopsine blennies of the southwest-
ern Caribbean (Pisces: Clinidae: Chaenopsinae). 1.
Systematic analysis and zoogeography. An Inst Invest Mar
Punta Betin 14:29-46.

Acero A. 1984b. A new species of Emblemaria (Pisces:
Clinidae: Chaenopsinae) from the southwestern Caribbean
with comments on two other species of the genus. Bull
Mar Sci 35:187-94.

Acero A. 1987. The chaenopsine blennies of the southwestern
Caribbean (Pisces, Clinidae, Chaenopsinae). III. The genera
Chaenopsis and Coralliozetus. Bol Ecotrop 16:1-21.

Almany GR, Baldwin CC. 1996. A new Atlantic species of
Acanthemblemaria (Teleostei: Blennioidei: Chaenopsidae):
morphology and relationships. Proc Biol Soc Wash
109:419-29.

Andersson M. 1984. Sexual selection. Princeton (NJ):
Princeton University Press.

Badyaev AV. 2003. Growing apart: an ontogenetic perspective
on the evolution of sexual size dimorphism. Trends Ecol
Evol 17:369-78.

19

Badyaev AV, Hill GE. 2002. Avian sexual dichromatism in
relation to phylogeny and ecology. Annu Rev Ecol Syst
34:27-49.

Barnett A, Bellwood DR. 2005. Sexual dimorphism in the
buccal cavity of paternal mouthbrooding cardinalfishes
(Pisces: Apogonidae). Mar Biol 148:205-12.

Beacham TD, Murray CB. 1986. Sexual dimorphism in length
of upper jaw and adipose fin of immature and maturing
Pacific salmon (Oncorhynchus). Aquaculture 58:269-76.

Berns CM. 2013. The evolution of sexual dimorphism:
Understanding mechanisms of sexual shape differences. In
Moriyama H (editor). Sexual dimorphism. London:
IntechOpen. p. 1-17. DOI: 10.5772/55154.

Berv JS, Prum RO. 2014. A comprehensive multilocus phy-
logeny of the Neotropical cotingas (Cotingidae, Aves) with
a comparative evolutionary analysis of breeding system and
plumage dimorphism and a revised phylogenetic classifica-
tion. Mol Phylogenet Evol 81:120-36.

Blanckenhorn WU. 2005. Behavioral causes and consequences
of sexual size dimorphism. Ethology 111:977-1016.

Bohlke JE. 1957a. A review of the blenny genus Chaenopsis,
and the description of a related new genus from the
Bahamas. Proc Acad Nat Sci Phila 109:81-103.

Bohlke JE. 1957b. The Bahaman species of emblemariid blen-
nies. Proc Acad Nat Sci Phila 109:25-57.

Bohlke JE, Cervigon F. 1967. Redescription, illustration, and
type selection for the Venezuelan chaenopsine blenny,
Protemblemaria punctata Cervigon. Notula Naturae 401:1-8.

Bohlke JE, Chaplin CCG. 1968. Fishes of the Bahamas and
adjacent tropical waters. Wynnewood (PA): Livingstone
Publishing Company.

Brooks MJ. 1991. The ontogeny of sexual dimorphism: quan-
titative models and a case study in labrisomid blennies
(Teleostei: Paraclinus). Syst Zool 40:271-83.

Buchheim JR, Hixon MA. 1992. Competition for shelter holes
in the coral-reef fish Acanthemblemaria spinosa Metzelaar. ]
Exp Mar Biol Ecol 164:45-54.

Cervigén F. 1999. Coralliozetus ramirezi, una nueva especie de
Coralliozetus de las costas de Venezuela (Pisces: Chaenopsidae).
Publ Ocasionales Dep Invest Mar Fund Museo del Mar 1:1-4.

Clarke RD. 1996. Population shifts in two competing fish
species on a degrading coral reef. Mar Ecol Progr Ser
137:51-58.

Clarke RD, Tyler JC. 2003. Differential space utilization by
male and female spinyhead blennies Acanthemblemaria spi-
nosa (Teleostei: Chaenopsidae). Copeia 2003:241-247.

Colin PL, Gomon MF. 1973. Notes on the behavior, ecology
and distribution of Lucayablennius zingaro (Pisces:
Clinidae). Caribbean ] Sci 13:1-2.

Crabtree CB. 1985. Sexual dimorphism of the upper jaw in
Gillichthys mirabilis. Bull South Calif Acad Sci 84:96-103.
Darwin C. 1871. The descent of man and selection in relation

to sex. London: John Murray.

Dingerkus G, Uhler LD. 1977. Enzyme clearing of alcian blue
stained whole small vertebrates for demonstrating cartilage.
Stain Technol 52:229-32.

Emerson SB, Hastings PA. 1998. Morphological correlations
in evolution: consequences for phylogenetic analysis. Q Rev
Biol 73:141-62.

Eytan RI, Hastings PA, Holland BR, Hellberg ME. 2012.
Reconciling molecules and morphology: molecular

¥20Z Iudy Gz uo 1senb Aq 92/69€G/€00290/ L/1/a[01E/q0l/Wwoo dno olwepeoe//:sd)y woly papeojumoq


/article-lookup/doi/10.1093/iob/obz003#supplementary-data

20

systematics and biogeography of Neotropical blennies
(Acanthemblemaria). Mol Phylogenet Evol 62:159-73.

Fukao R. 1990. Fishes of Neoclinus from Okinawa with notes
on the traits of their habits. Jpn J Ichthyol 37:116-26.

Gluckman T-L. 2014. Pathways to elaboration of sexual di-
morphism in bird plumage patterns. Biol J Linn Soc
111:262-73.

Gluckman T-L, Munday MI. 2016. Evolutionary pathways to
convergence in plumage patterns. BMC Evol Biol
16:172-86.

Greenfield DW. 1972. Notes on the biology of the arrow
blenny, Lucayablennius zingaro (Bohlke) from British
Honduras. Copeia 1972:590-2.

Greenfield DW. 1975. Emblemariopsis pricei, a new species of
chaenopsid blenny from Belize. Copeia 1975:713-5.

Greenfield DW, Johnson RK. 1981. The blennioid fishes of
Belize and Honduras, Central America, with comments on
their systematics, ecology, and distribution (Blenniidae,
Chaenopsidae, Labrisomidae, Tripterygiidae). Fieldiana
Zool 8:1-106.

Hastings PA. 1986. Habitat selection, sex ratio, and sexual
selection in  Coralliozetus  angelica  (Blennioidea:
Chaenopsidae). In: Uyeno T, Arai R, Taniuchi T,
Matsuura K, editors. Indo-pacific fish biology. Tokyo:
Ichthyological Society of Japan. p. 785-93.

Hastings PA. 1988a. Female choice and male reproductive
success in the angel blenny, Coralliozetus angelica
(Chaenopsidae). Anim Behav 36:115-24.

Hastings PA. 1988b. Correlates of male reproductive success
in the browncheek blenny, Acanthemblemaria crockeri
(Chaenopsidae). Behav Ecol Sociobiol 22:95-102.

Hastings PA. 1990. Phylogenetic relationships of tube blennies
of the genus Acanthemblemaria (Pisces: Blennioidei). Bull
Mar Sci 47:725-38.

Hastings PA. 1991a. The ontogeny of sexual dimorphism in
Coralliozetus angelica (Chaenopsidae). Copeia 1991:969-78.

Hastings PA. 1991b. Flexible responses to predators in a ma-
rine fish. Ethol Ecol Evol 3:177-84.

Hastings PA. 1992a. Ekemblemaria lira, a new blennioid fish
from Ecuador, with comments on sexual dimorphism and
relationships in Ekemblemaria (Teleostei: Chaenopsidae).
Copeia 1992:769-76.

Hastings PA. 1992b. Phylogenetic relationships of
Tanyemblemaria alleni, a new genus and species of chae-
nopsid (Pisces: Blennioidei) from the Gulf of Panama. Bull
Mar Sci 51:147-60.

Hastings PA. 1992c. Nest-site size as a short-term constraint
on the reproductive success of paternal fishes. Environ Biol
Fish 20:213-8.

Hastings PA. 1997. Phylogenetic relationships of the
Coralliozetus clade of chaenopsid blennies, with description
of a new genus (Teleostei, Blennioidei). Bull Mar Sci
61:743-61.

Hastings PA. 2001. Protemblemaria perla, a new species of
tube blenny (Perciformes: Chaenopsidae) from the tropical
eastern Pacific. Rev Biol Trop 49(Supplement 1):125-32.

Hastings PA. 2002. Evolution of morphological and behav-
ioral ontogenies in females of a highly dimorphic clade of
blennioid fishes. Evolution 56:1644-54.

Hastings PA. 2009. Biogeography of Neotropical blennies. In:
Patzner RA, Gonglaves EJ, Hastings PA, Kapoor BG,

P. A. Hastings

editors. The biology of blennies. Enfield (NH): Science
Publishers. p. 95-118.

Hastings PA, Galland GR. 2010. Ontogeny of microhabitat
use and two-step recruitment in a specialist reef fish, the
Browncheek  Blenny (Chaenopsidae). Coral Reefs
29:155-64.

Hastings PA, Petersen CW. 2010. Parental care, oviposition
sites and mating systems of blennioid fishes. In: Cole KS,
editor. Reproduction in marine fishes: evolutionary pat-
terns and innovations. Berkeley: University of California
Press. p. 91-116.

Hastings PA, Robertson DR. 1999. Acanthemblemaria atrata
and Acanthemblemaria mangognatha, new species of eastern
Pacific barnacle blennies (Chaenopsidae) from Isla del
Coco, Costa Rica, and Islas Revillagigedo, Mexico, and
their relationships with other barnacle blennies. Rev Fr
Aquariol 25:107-18.

Hastings PA, Shipp RL. 1981. A new species of pikeblenny
(Pisces, Chaenopsidae, Chaenopsis) from the western
Atlantic. Proc Biol Soc Wash 93:875-86.

Hastings PA, Springer VG. 1994. Review of Stathmonotus, with
redefinition and phylogenetic analysis of the Chaenopsidae
(Teleostei: Blennioidei). Smithson Contrib Zool 558:1-48.

Hastings PA, Springer VG. 2009. Systematics of the
Blennioidei and the included families Chaenopsidae,
Clinidae, Labrisomidae and Dactyloscopidae. In: Patzner
RA, Gonglaves EJ, Hastings PA, Kapoor BG, editors. The
biology of blennies. Enfield (NH): Science Publishers. p.
3-30.

Hedrick AV, Temles EJ. 1989. The evolution of sexual dimor-
phism in animals: hypotheses and tests. Trends Ecol Evol
4:136-8.

Hess HC. 1993. Male mouthbrooding in jawfishes
(Opistognathidae): constraints on polygyny. Bull Mar Sci
52:806-18.

Hilton EJ, Fernandez CC. 2006. Sexual dimorphism in
Apteronotus bonapartii (Gymnotiformes: Apteronotidae).
Copeia 2006:826-33.

Hongjamrassilp W, Summers AP, Hastings PA. 2018.
Heterochrony in fringeheads (Neoclinus) and amplification
of an extraordinary aggressive display in the Sarcastic
Fringehead  (Teleostei:  Blenniiformes). J Morphol
279:626-35.

Hubbs C. 1953. Revision and systematic position of the blen-
niid fishes of the genus Neoclinus. Copeia 1953:11-23.

Johnson GD, Brothers EB. 1989. Acanthemblemaria paula, a
new diminutive chaenopsid (Pisces: Blennioidei) from
Belize, with comments on life history. Proc Biol Soc
Wash 102:1018-30.

Johnson RK, Greenfield DW. 1976. A new chaenopsid fish,
Emblemaria hyltoni, from Isla Roatdn, Honduras. Fieldiana
Zool 70:13-28.

Kodric-Brown A. 1998. Sexual dichromatism and temporary
color changes in the reproduction of fishes. Am Zool
38:70-81.

Kotrschal K. 1988. A catalogue of skulls and jaws of eastern
tropical Pacific blennioid fishes (Blennioidei: Teleostei): a
proposed sequence of morphological change. Z Zool Syst
Evol 26:442-66.

Kotrschal K, Thomson DA. 1986. Feeding patterns in eastern
tropical Pacific blennioid fishes (Teleostei: Tripterygiidae,

¥20Z Iudy Gz uo 1senb Aq 92/69€G/€00290/ L/1/a[01E/q0l/Wwoo dno olwepeoe//:sd)y woly papeojumoq



Sexual dimorphism in chaenopsid blennies

Labrisomidae, Chaenopsidae, Blenniidae). Oecologia
70:367-78.

Kraaijeveld K. 2014. Reversible trait loss: the genetic architec-
ture of female ornaments. Annu Rev Ecol Evol Syst
45:159-77.

Lenarz WH, Echeveria TW. 1991. Sexual dimorphism in
Sebastes. Environ Biol Fish 30:71-80.

Lin HC, Hastings PA. 2011. Evolution of a Neotropical marine
fish lineage (subfamily Chaenopsinae, suborder Blennioidei)
based on phylogenetic analysis of combined molecular and
morphological data. Mol Phylogenet Evol 60: 236—48.

Lin HC, Hastings PA. 2013. Phylogeny and biogeography of a
shallow water fish clade (Teleostei: Blenniiformes). BMC
Evol Biol 13:210-28.

Longley WH, Hildebrand SF. 1940. New genera and species of
fishes from Tortugas, Florida. Pap Tortugas Lab Carnegie
Instn Wash 32:223-85.

Longley WH, Hildebrand SF. 1941. Systematic catalogue of
the fishes of Tortugas, Florida, with observations on color,
habits, and local distribution. Pap Tortugas Lab Carnegie
Instn Wash 34:1-331.

Maddison WP, Maddison DR. 2017. Mesquite: a modular
system for evolutionary analysis. Version 3.13. http://mes-
quiteproject.org.

McGee MD, Wainwright PC. 2003. Sexual dimorphism in the
feeding mechanism of threespine stickleback. J Exp Biol
216:835—40.

Neat F, Lengkeek W. 2009. Sexual selection in blennies. In:
Patzner RA, Gonglaves EJ, Hastings PA, Kapoor BG, edi-
tors. The biology of blennies. Enfield (NH): Science
Publishers. p. 249-78.

Oliveira RF, Almada VC. 1995. Sexual dimorphism and al-
lometry of external morphology in Oreochromis mossambi-
cus. ] Fish Biol 46:1055—-64.

Omland KE. 1997. Examining two standard assumptions of
ancestral reconstructions: repeated loss of dichromatism in
dabbling ducks (Anatini). Evolution 51:1636—46.

Pezold F. 2004. Phylogenetic analysis of the genus Gobionellus
(Teleostei: Gobiidae). Copeia 2004:260-80.

Price JJ. 2015. Rethinking our assumptions about the evolu-
tion of bird song and other sexually dimorphic signals.
Front Ecol Evol 3:40.

Price JJ, Eaton MD. 2014. Reconstructing the evolution of
sexual dichromatism: current color diversity does not re-
flect past rates of male and female change. Evolution
68:2026-37.

Prum, RO. 2017. The evolution of beauty. How Darwin’s
forgotten theory of mate choice shapes the animal
world—and us. New York: Doubleday.

Robertson DR. 2003. Who resembles whom? Mimetic and
coincidental look-alikes among tropical reef fishes. PLoS
One 8:¢54939.

21

Robins CR, Randall JE. 1965. Three new western Atlantic fishes
of the blennioid genus Chaenopsis, with notes on the related
Lucayablennius zingaro. Proc Acad Nat Sci Phila 117:213-34.

Rosenblatt RH, McCosker JE. 1988. A new species of
Acanthemblemaria from Malpelo Island, with a key to the
Pacific members of the genus (Pisces: Chaenopsidae). Proc
Calif Acad Sci 45:103-10.

Rosenblatt RH, Stephens JS Jr. 1978. Mccoskerichthys sandae, a
new and unusual chaenopsid blenny from the Pacific coast
of Panama and Costa Rica. Nat Hist Mus Los Angel Cty
Contrib Sci 293:1-22.

Sabaj MH. 2016. Standard symbolic codes for institutional
resource collections in herpetology and ichthyology: an on-
line reference. Version 6.5 (16 August 2016). Washington
(DC):  American  Society of Ichthyologists and
Herpetologists (http://www.asih.org/).

Shine R. 1989. Ecological causes for the evolution of sex size
dimorphism: a review of evidence. Q Rev Biol 64:419-61.

Smith CL, Tyler JC, Andreyko H, Tyler DM. 1998. Behavioral
ecology of the sailfin blenny, Emblemaria pandionis (Pisces:
Chaenopsidae), in the Caribbean off Belize. Am Mus Nov
3232:1-40.

Smith-Vaniz WF. 1972. Two new species of Caribbean deep-
dwelling jawfishes  (Opistognathus, —Opistognathidae).
Copeia 1972:48-53.

Smith-Vaniz WF, Palacio FJ. 1974. Atlantic fishes of the ge-
nus Acanthemblemaria, with description of three new spe-
cies and comments on Pacific species (Clinidae:
Chaenopsinae). Proc Acad Nat Sci Phila 125:197-224.

Stephens JS Jr. 1963. A revised classification of the blennioid
fishes of the American family Chaenopsidae. Univ Calif
Publ Zool 68:1-165.

Stephens JS Jr. 1970. Seven new chaenopsid blennies from the
western Atlantic. Copeia 1970:280-309.

Stephens, JS Jr, Hobson ES., Johnson RK. 1966. Notes on
distribution, behaviour, and morphological variation in
some chaenopsid fishes from the tropical eastern Pacific,
with descriptions of two new species, Acanthemblemaria
castroi and Coralliozetus springeri. Copeia 1966:424-38.

Thresher RE. 1984. Reproduction in reef fishes. Neptune City
(NJ): TFH Publications.

Tyler DM, Tyler JC. 1997. A new species of chaenopsid fish,
Emblemariopsis ruetzleri, from the western Caribbean off
Belize (Blennioidei), with notes on its life history. Proc
Biol Soc Wash 110:24-38.

Tyler JC, Tyler DM. 1999. Natural history of the sea fan
blenny, Emblemariopsis pricei (Teleostei: Chaenopsidae),
in the western Caribbean. Smithson Contrib Zool 601:1-24.

Wiens JJ. 2001. Widespread loss of sexually selected traits:
how the peacock lost its spots. Trends Ecol Evol 16:517-23.

Williams JT. 2002. Three new species of blennioid shore fishes
discovered at Navassa Island, Caribbean Sea. Aqua 6:11-5.

¥20Z Iudy Gz uo 1senb Aq 92/69€G/€00290/ L/1/a[01E/q0l/Wwoo dno olwepeoe//:sd)y woly papeojumoq


http://mesquiteproject.org
http://mesquiteproject.org
http://www.asih.org/

22

Synopsis Evolucién del dimorfismo sexual en trambollos
tubicolas (Teleostei: Chaenopsidae) (Evolution of sexual
dimorphism in tube blennies [Teleostei: Chaenopsidae])
El estudio de las diferencias sexuales proporciona
informacidén sobre los factores selectivos que operan en
hembras y machos especialmente para clados que mues-
tran niveles variados de dimorfismo. Este estudio se enfocd
en las diferencias sexuales en morfologia y coloracién de
66 especies de blenidos (Blenniiformes, Chaenopsidae).
Para lo anterior se analizaron datos provenientes de liter-
atura existente y el andlisis de especimenes conservados.
Los trambollos tubicolas incluyen especies esencialmente
monomorficas y aquellas en las que los machos y las hem-
bras difieren en 17 caracteristicas morfoldgicas y 14 de
coloracion. Si bien los sexos de la mayoria de las especies
difieren en la coloracién (al menos en el momento de la
reproduccién), son morfolégicamente similares en
Acanthemblemaria, Hemiemblemaria, y Lucayablennius.
Mientras que otros géneros exhiben un nivel intermedio
de dimorfismo, las especies de  Coralliozetus,
Cirriemblemaria, y Emblemaria poseen un elevado dimor-
fismo sexual. La hipdtesis filogenética indica que este nivel
extremo de dimorfismo evolucioné independientemente
en estos géneros. Al analizar la longitud de la mandibula
con aumentos y disminuciones en uno o ambos sexos que
conducen a dimorfismo o monomorfismo se infiere una
compleja historia evolutiva. Varias caracteristicas relacio-
nadas con la defensa del refugio son monomorfas en espe-
cies donde ambos sexos habitan en refugios, pero dimorfa
donde solo los machos ocupan refugios. Otras caracteris-
ticas dimoérficas aumentan la visibilidad del cortejo mas-
culino y las exhibiciones agresivas.

Translated to Spanish by S. Hinojosa (hinojosa.silvia@
gmail.com)

P. A. Hastings

Synopsis Evolucio do dimorfismo sexual em blennies
tubulares (Teleostei: Chaenopsidae) (Evolution of sexual
dimorphism in tube blennies [Teleostei: Chaenopsidae])
Estudo das diferencas sexuais provém novas idéias sobre
fatores seletivos operando em machos e fémeas, especial-
mente em clados que exibem niveis variados de dimor-
fismo. Diferengas sexuais na morfologia e coloragao (mel-
anoféros) foram compilados de 66 das 89 espécies de
blennies tubulares (Blenniiformes, Chaenopsidae), exami-
nando a literatura em sistemadtica e espécimes preservados.
Chaenopideos incluem espécies essencialmente mono-
morficas, além daquelas em que machos e fémeas diferem
em até 17 caracteristicas morfoldgicas e 14 de coloragao.
Embora os sexos da maioria das espécies diferem em col-
oracao (pelo menos no periodo de reprodugao), eles sao
morfologicamente  similares em  Acanthemblemaria,
Hemiemblemaria, e Lucayablennius. Enquanto outros
géneros exibem niveis intermedidrios de dimorfismo,
espécies de Coralliozetus, Cirriemblemaria, e Emblemaria
sao dramaticamente dimorficas. Mapeamento de caracteres
em uma hipdtese filogenética indica que esses niveis
extremos de dimorfismo surgiram independentemente nes-
ses géneros. Uma complexa histéria de evolugao implica o
envolvimento do comprimento das mandibulas, com
aumentos e reducoes em um ou ambos sexos, levando
ao dimorfismo ou monomorfismo. Diversas caracteristicas
relacionadas a defesa das tocas sao monomorficas nas
espécies em que ambos 0s sexos habitam tocas; mas nas
espécies dimorficas, somente machos ocupam tocas.
Outras caracteristicas dimorficas aumentam a conspicui-
dade do cortejo masculino e demonstracoes de agressivi-
dade.

Translated to Portuguese by D. Vaz (dbistonvaz@vims.
edu)
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