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Groupers (Epinephelidae) are a species-rich assemblage of marine reef fishes whose classification has undergone many
changes across various taxonomic levels. Over the past two decades, a number of molecular phylogenetic studies have
contributed significantly to clarifying the relationships among groupers; however, usage of the relationships recovered
by these studies in the classification of groupers has been inconsistent. In this paper, we build upon the most
comprehensive phylogeny for groupers and their allies and use it as a framework for a phylogenetic classification of the
group. We correct previous errors or omissions in earlier works and hope to lay to rest any doubts regarding previously
proposed classification schemes for groupers. The resulting classification scheme includes nine monophyletic genera
and the subsummation of all but one previously monotypic genus.

G
ROUPERS (Epinephelidae sensu Smith and Craig,
2007; Lautredou et al., 2013) are a species-rich
assemblage of marine reef fishes whose classifica-

tion has undergone many changes and remains inconsistent
across various levels of the taxonomic hierarchy from species
to the family. Over the past two decades, a number of
molecular phylogenetic studies, using a variety of markers
and covering many taxonomic levels, have contributed
significantly to clarifying the relationships among groupers
and providing the context for a classification scheme that
reflects these relationships (e.g., Maggio et al., 2005; Ding et
al., 2006; Craig and Hastings, 2007; Craig et al., 2011;
Zhuang et al., 2013; Schoelinck et al., 2014; Ma et al., 2016).
Unfortunately, usage of the relationships recovered by these
studies in the classification of groupers has been inconsis-
tent. This is due to a variety of reasons including a historical
reluctance to base nomenclatural changes on the results of
molecular studies, the absence of a purely phylogenetic
classification scheme in the publication of the most recent
guide to groupers of the world (Craig et al., 2011), and the
resolution of several inconveniently monophyletic clades
that include morphologically enigmatic taxa.

While the tide has nearly turned and molecular phyloge-
nies are given ever more attention and usage in nomencla-
tural changes, there remains an inconsistency in which of
these changes are ‘‘accepted’’ by practitioners. For example,
molecular data have consistently demonstrated that fusiliers
in the genera Caesio and Paracaesio are nested within the
genus Lutjanus (e.g., Miller and Cribb, 2007) and yet they are
not recognized as belonging to the family Lutjanidae in most
classification schemes, including one of the most authorita-
tive references available: The Catalog of Fishes (Eschmeyer et
al., 2018). In contrast, the morphologically enigmatic grunt
genus Inermia was shown to be nested within the genus
Haemulon (Rocha et al., 2008) and has since been classified in
that genus resulting in the elimination of the family
‘‘Inermiidae’’ in that same reference (Eschmeyer et al., 2018).

In many cases, this inconsistency in usage of name
changes based on molecular phylogenies stems from the
tradition of taxonomic authority as the determining factor in
classification changes (e.g., the person with the longest
record of study for a particular group determines by opinion
if the change to classification is valid). Additionally, this is

often associated with the long-standing debate between
those who specialize in morphological systematics and those
who specialize in molecular systematics (see de Carvalho and
Craig, 2011, and references therein). However, even the most
dedicated and talented morphologists of our era have also
used genetics as a tool for classification (e.g., Johnson et al.,
2009; Randall et al., 2014), and the results of molecular
phylogenies have provided novel insights into morpholog-
ical evolution (e.g., Dillman and Hilton, 2011).

With the lack of resistance towards using molecular
phylogenies as a basis for classification, we are now
approaching a broad range of coherent taxonomic schemes
based on the principles of phylogenetic systematics which
demand that classification be framed upon genealogical
relationships based on descent (Hennig, 1965). While there
still remains a minority opinion that phylogenetic principles
should not form the basis for taxonomic decisions, it is clear
that usage of these principles is now the accepted rule
(Betancur-R. et al., 2017).

Craig et al. (2001) were the first to demonstrate the non-
monophyly of the three largest grouper genera (Cephaloph-
olis, Epinephelus, and Mycteroperca) using DNA sequences
from the mitochondrial 16S rRNA gene. Later, Maggio et al.
(2005) analyzed the mitochondrial cytochrome b and 16S
rRNA sequences of East Atlantic grouper species and again
demonstrated the non-monophyly of Epinephelus and Myc-
teroperca. Ding et al. (2006) analyzed 16S rRNA of 30 species
of groupers in the China seas with similar results. However,
as Craig et al. (2001) pointed out, those studies under-
sampled the groupers by restricting their coverage to regional
species assemblages. Similar to Smith (1971), who provided a
morphological review of the American groupers, those
studies assumed regional monophyly, a hypothesis already
challenged by data in Craig et al. (2001).

A more comprehensive phylogenetic study of groupers was
presented by Craig and Hastings (2007), who analyzed two
nuclear (TMO4C4 and histone H3) and two mitochondrial
(16S and 12S) genes for 119 of the 163 (73%) grouper species
described at that time. Their phylogeny recovered several
polyphyletic genera including Cephalopholis, Epinephelus, and
Mycteroperca. Despite the high taxon coverage and ample
genetic data used in that study, more comprehensive
taxonomic sampling was deemed necessary to better resolve
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several phylogenetic ambiguities, including the placement of
Gonioplectrus (not sampled by Craig and Hastings, 2007), the
phylogenetic position of the genera Variola and Hyporthodus
(erected by Craig and Hastings, 2007 for the ‘‘deep bodied’’
groupers), and the fine-scale phylogeny within the species-
rich genus Epinephelus. For example, the ‘‘reticulated-grouper
complex’’ have hypothesized monophyly (Heemstra and
Randall, 1993) but were recovered as polyphyletic, albeit
with low statistical support in Craig and Hastings (2007).

Following Craig and Hastings (2007), two molecular
phylogenetic studies of groupers also questioned traditional
morphology-based classification schemes and examined the
relationships of several genera, including Zhuang et al.
(2013) using complete mitochondrial genomes, and Schoe-
linck et al. (2014) based on five genes, (COI, 16S, TMO-4C4,
Rhodopsin, and Pkd1). The recovered relationships were
similar to Craig and Hastings (2007); however, they sampled
very few taxa and the aforementioned phylogenetic ambi-
guities were not fully resolved. Ma et al. (2016) presented the
most comprehensive phylogeny for the groupers to date and
discussed the speciation and biogeography of the group.

In this paper, we build upon the study of Ma et al. (2016)
for groupers and their allies and use their recovered
phylogeny as a framework for a phylogenetic classification.
We correct previous errors or omissions in earlier works and
build upon previously proposed classification schemes for
groupers (Craig and Hastings, 2007). Our results corroborate
all earlier phylogenetic hypotheses and confirm the place-
ment of several species listed as incertae sedis in previous
publications (e.g., Craig and Hastings, 2007).

MATERIALS AND METHODS

Nomenclature.—Smith and Craig (2007) demonstrated the
non-monophyly of the traditional ‘‘Serranidae’’ which has
been confirmed by all molecular phylogenies with adequate
taxon sampling, a vastly underappreciated necessity for this
group as highlighted by Smith and Craig (2007; e.g.,
Lautredou et al., 2013; Smith et al., 2018). Smith and Craig
(2007) therefore elevated the subfamily ‘‘Epinephelinae’’
(sensu Johnson, 1983, 1988) to familial status. Smith and
Craig (2007), however, failed to explicitly address the tribal
groupings within the former ‘‘Epinephelinae’’ causing some
confusion. With the exception of Niphonini (the genus
Niphon having been confirmed to be unrelated to the
traditional ‘‘Serranidae’’; e.g., Smith and Craig, 2007; Betan-
cur-R. et al., 2017), the tribes within Johnson’s (1983, 1988)
‘‘Epinephelinae’’ (Diploprionini, Epinephelini, Grammistini,
and Liopropomini) should be treated as subfamilies within
Epinephelidae (sensu Smith and Craig, 2007), and herein we
follow this scheme. Thus, the true groupers (species in the
genera Aethaloperca, Alphestes, Anyperodon, Cephalopholis,
Cromileptes, Dermatolepis, Epinephelus, Gonioplectrus, Gracila,
Hyporthodus, Mycteroperca, Paranthias, Plectropomus, Saloptia,
Triso, and Variola) are treated as belonging to the subfamily
Epinephelinae within the family Epinephelidae. It should be
noted that Ma et al. (2016) erroneously treated the
diploprionines, grammistines, and liopropomines as serra-
nids.

Taxon sampling.—Tissue from 147 of 167 (86%) known
grouper species (Epinephelinae) including representatives of
all genera and all epinephelid subfamilies were used in the
analysis. Six epinepheline species are known only from the
type series, and their validity is uncertain. It is unlikely that

they will ever be collected; thus, the realistic number of
grouper species that can be sampled is 161, bringing the
species coverage of the Epinephelinae to 91%. Sampling
included 22 of 24 species of Cephalopholis, 74 of 90 species of
Epinephelus, 12 of 14 species of Hyporthodus, 14 of 15 species
of Mycteroperca, all species of Alphestes (3), Dermatolepis (3),
Paranthias (2), Plectropomus (8), and Variola (2), and all seven
monotypic genera Aethaloperca, Anyperodon, Cromileptes,
Gonioplectrus, Gracila, Saloptia, and Triso. Epinephelid taxa
from the Diploprioninae, Grammistinae, Liopropominae,
and the serranid subfamilies Anthiadinae and Serraninae
were also included as outgroup taxa. It is important to note
that this selection of outgroup taxa does not imply a
monophyletic ‘‘Serranidae’’ in the traditional sense.

Specimens were collected in the field using pole spear,
hook-and-line, or anesthetic, purchased from fish markets at
or near collecting localities, or obtained from museum
collections and from the live aquarium trade. Fin clips, gill
clips, and/or muscle tissue were stored in either 5X Net
solution (Craig et al., 2001) or 70–90% ethanol. Specimens
were deposited at the Scripps Institution of Oceanography
Marine Vertebrates Collection (see Ma et al., 2016 for
museum numbers). One to three individuals per species were
obtained.

DNA isolation and sequencing.—Total DNA was isolated from
tissues using either the Chelex method (Walsh et al., 1991) or
the DNeasy nucleic acids isolation kit (Qiagen) following
manufacturer’s instructions. Fragments of three mitochon-
drial (COI, 16S, and 12S) and one nuclear (TMO4C4) gene
were amplified using the polymerase chain reaction (PCR).
Primers used can be found in Ma et al. (2016). Polymerase
chain reactions of 25 ll volume were prepared following
manufacturer’s instructions included with the RedTaq Ready-
mix (Sigma-Aldrich) with the addition of 10 pmol of each
primer and 5–50 ng of template DNA. PCR reactions
consisted of 35 rounds of 948C for 30 sec, 468C for 30 sec,
728C for 1 min. Sequences in both directions were generated
on a MegaBace 500 (GE Healthcare, Buckinghamshire, UK)
and an ABI 3730xl DNA analyzer (Applied Biosystems, Foster
City, CA, USA) following manufacturer’s instructions. Miss-
ing data were coded as ‘‘N’’ in the concatenated sequence file.
The sequences were edited for miscalls and/or polymorphism
using Sequencher (v.4.2, Gene Codes Corporation).

Phylogenetic analyses.—Phylogenetic analyses were based on
sequences listed in Ma et al. (2016). Sequences were aligned
using MUSCLE (Edgar, 2004) as implemented in MEGA v. 5.0
(Tamura et al., 2011) with default settings and inspected by
eye for obvious misalignments. Gene partitions and corre-
sponding best-fit nucleotide substitution models were deter-
mined using PartitionFinder (Lanfear et al., 2012) based on
the Bayesian information criterion (BIC) under the greedy
search algorithm on individual genes. Protein-coding genes
(COI and TMO4C4) were further partitioned according to
codon position.

Phylogenetic hypotheses were generated using maximum
likelihood (ML) and Bayesian Inference (BI) methods. The
ML analysis was performed with RAxML v. 7.0.3 (Stamatakis,
2006) with 1000 bootstrap replicates. The BI analysis was
performed in MrBayes v.3.2 (Ronquist and Huelsenbeck,
2003) with two independent runs carried out with four
differentially heated Metropolis coupled Monte Carlo Mar-
kov chains for 40,000,000 generations, sampled every 4000
generations, starting from a random tree. Model parameters
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were estimated during analyses. Convergence was confirmed
by effective sample sizes over 200 for all parameters
(examined by using Tracer v1.5; Rambaut and Drummond,
2004) and trees before convergence (2500 trees) were
discarded as burn-in to ensure that analyses had stabilized.
A consensus tree was constructed from post burn-in trees to
estimate the posterior probabilities (PP).

RESULTS

The aligned COI, 12S, 16S, and TMO4C4 sequences con-
tained 654 bp, 424 bp, 594 bp, and 507 bp, respectively, for a
total of 2179 bp. PartitionFinder suggested a concatenated-
sequence dataset without partitioning for phylogenetic
reconstruction and GTRþIþG as the best fitting substitution
model. The likelihood and Bayesian trees are shown in
Figures 1 and 2, respectively. The trees were generally well
resolved with high support at most nodes (ML bootstrap [BS]
. 0.75, BI posterior probabilities [PP] . 0.9). Overall, trees
generated by the two methods were highly congruent, with
conflicting nodes poorly supported by either BS or PP. Only
Clade A lacked robust support (BS , 50, PP , 0.90).

Both methods recovered several polyphyletic epinepheline
genera including Cephalopholis, Epinephelus, and Mycteroperca,
corroborating results from previous studies. The earliest
diverging clade (clade A, Figs. 1, 2) comprised Gonioplectrus,
Plectropomus, Saloptia, and Variola. Moving up the trees, clade
B contained Aethaloperca, Cephalopholis, Gracila, and Paran-
thias, clade C comprised Alphestes, Dermatolepis, Epinephelus
chabaudi, E. cifuentesi, E. drummondhayi, Hyporthodus, and
Triso, clade D comprised Mycteroperca and 12 species of
Epinephelus, clade E contained the monotypic Anyperodon and
Cromileptes, and 17 species of Epinephelus, and the most
speciose clade, clade F, contained exclusively species of
Epinephelus.

DISCUSSION

The phylogenetic reconstruction of the groupers of Ma et al.
(2016) supports all previous molecular studies. It is now clear
that, as currently defined, the genera Cephalopholis, Epine-
phelus, and Mycteroperca are not monophyletic. Additionally,
the continued recognition of the monotypic Aethaloperca,
Anyperodon, Cromileptes, Gracila, and Saloptia should be
abandoned. It is also clear that the genera Paranthias and
Triso apparently represent remarkable evolutionary transi-
tions from a sedentary to semi-pelagic lifestyle and have
evolved unique morphologies in relation to their closest
relatives (see discussion below).

Cephalopholis.—As with all previous molecular phylogenies
where they have been sampled, Aethaloperca, Cephalopholis,
Gracila, and Paranthias form a clade and morphological data
suggest that they are close allies (e.g., Randall, 1964; Smith-
Vaniz et al., 1988). The basis for the exclusion of Aethaloperca,
Gracila, and Paranthias from Cephalopholis in past treatments
(e.g., Heemstra and Randall, 1993) was solely based on
apomorphic characters. However, given that they are deeply
nested within Cephalopholis, these characters become auta-
pomorphic, and their usefulness to exclude them from
Cephalopholis is rendered null.

Smith (1954) elevated the sub-genus Aethaloperca for the
species Cephalopholis albomarginatus and Perca rogaa. Randall
(1964) removed C. albomarginatus from Aethaloperca and
placed it into the new genus Gracila (discussed below).

Aethaloperca rogaa was considered to be appropriately placed
in a monotypic genus based on the shape of its cranial crests,
its deeper body, the steeper profile of its head, the shape of its
dorsal fin, and the presence of asymmetrical pectoral fins
(Randall, 1964; Smith-Vaniz et al., 1988; Heemstra and
Randall, 1993). While these characters may seem to indicate
a generic difference, they are not all unique and some are
shared with other species of Cephalopholis. For example, the
presence of a steep head profile is present in C. igarashiensis
and C. sonnerati (Fig. 3). Its body depth (2.1–2.4 times in
standard length [SL]; Heemstra and Randall, 1993) is well
within the range of other species of Cephalopholis (2.0–3.2
times in SL; Heemstra and Randall, 1993; Craig et al., 2011).
The remaining external characters (shape of dorsal and
pectoral fins) are the only obvious morphological differences
between this monotypic genus and Cephalopholis. As will be
discussed below, there are several synapomorphic characters
that unite Aethaloperca with Cephalopholis and there is thus
little reason to exclude Aethaloperca from Cephalopholis given
its nested position within the latter based on these
autapomorphic specializations.

Following Smith’s (1954) inclusion of Cephalopholis albo-
marginatus in Aethaloperca, Randall (1964) removed the
species and erected the new genus Gracila. While noting
that the species showed affinities to Cephalopholis, Randall
(1964) highlighted differences in external morphology
including a shorter head and an emarginate caudal fin. He
also noted that Gracila displayed a different mode of life
(semi-pelagic) from other species of Cephalopholis (Fig. 4).
Katayama (1974) described and placed a second species
within Gracila, G. okinawae (¼ C. polleni), based on the
presence of a truncate tail.

The head length of Gracila (2.9–3.2 in SL; Heemstra and
Randall, 1993; Craig et al., 2011) is well within the range of
other species of Cephalopholis (2.2–3.1 in SL; Heemstra and
Randall, 1993; Craig et al., 2011). The emarginated caudal fin
of G. albomarginata is emarginate only in juveniles, while in
adults it is only weakly emarginated and is closer to truncate.
A nearly emarginate caudal fin is also present in C.
igarashiensis, and a truncate caudal fin is present in C. polleni
(although in some specimens the caudal is rounded; Fig. 4).
These three species also form a clade (Figs. 1, 2). The semi-
pelagic behavior of this species is more-or-less restricted to
juveniles; adults display a roving behavior but are still closely
associated with the substrate. Given the sum-total of the
synapomorphies which are present in this clade, both
morphological (see below) and molecular, excluding Gracila
from Cephalopholis is unwarranted.

The most surprising of the species included in the
monophyletic Cephalopholis are those of the genus Paran-
thias. While rare among groupers, their semi-pelagic behavior
is shared with Triso and juveniles of Gracila, and their distinct
morphological features such as a deeply forked tail, high gill
raker counts, and small teeth, appear to be associated with a
transition to the water column (Fig. 5). Species of Paranthias,
while clearly semi-pelagic, behave very much like other
groupers in that when provided with a negative stimulus,
they retreat into reef crevices rather than swim away, clearly
reflecting their preference for the reef. It should also be noted
that Cephalopholis fulva and Paranthias furcifer are well known
to hybridize in the wild (the hybrid being originally
described as the monotypic Menephorus punctiferus; Smith,
1966; Bostrom et al., 2002), and the two species of Paranthias
form the sister group to C. fulva (Figs. 1, 2).
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Fig. 1. Majority rule consensus cladogram of maximum likelihood analysis, reconstructed using RAxML with 1000 bootstrap replicates following Ma
et al. (2016). Numbers at nodes represent bootstrap support values (%).
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Fig. 2. Bayesian inference phylogram reconstructed using MrBayes following Ma et al. (2016). Numbers on branches represent posterior
probabilities.
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Evolutionary transitions involving radical changes to

morphology within a clade are not unique to groupers. For

example, the fusiliers (Caesioninae) are deeply nested within

the larger snapper family (Lutjanidae) despite having clearly

different external adaptations to mid-water habitat (Miller

and Cribb, 2007). The semi-pelagic boga (Haemulon vittatum)

was long regarded as belonging to the monotypic genus

Inermia; however, molecular evidence clearly indicates its

placement within Haemulon (Rocha et al., 2008). While

certainly unexpected, the placement of the two species of

Paranthias nested within Cephalopholis is clearly warranted

given the morphological and molecular synapomorphies

that unite this clade.

Despite their seemingly different morphologies, these four

genera share a number of characters, including the presence

of nine dorsal fin spines (shared only with Hyporthodus

acanthistius), the ninth of which is formed indirectly from a

soft ray (Kendall, 1979; Leis, 1986), and the presence of

trisegmental pterygiophores in the dorsal fin (bisegmental in

remaining epinephelines; Heemstra and Randall, 1993).

Cephalopholis, Gracila, and Paranthias also share epineural

ribs on vertebrae 1–9 (Aethaloperca, Epinephelus, and Mycter-

operca have epineurals on vertebrae 1–10; Baldwin and

Johnson, 1993; Heemstra and Randall, 1993).

Epinephelus.—The inclusion of the monotypic Anyperodon

and Cromileptes within Epinephelus is somewhat surprising

although consistent with all previous molecular studies.

Anyperodon shares 11 dorsal-fin spines and the absence of

trisegmental pterygiophores with Epinephelus. However, it

has been retained in a monotypic genus due to the absence of

palatine teeth and its ‘‘. . .elongate and markedly compressed

head and body. . .’’ (Heemstra and Randall, 1993). Heemstra

and Randall (1993) noted that ‘‘. . .there are some other

elongate groupers, but none of these are as compressed

Anyperodon.’’ (Fig. 6). This is a curious statement as the body

width for Anyperodon is 2.3–2.8 times in its depth, while the

range of body width for species of Epinephelus is 1.8–2.8 in

their depth (Heemstra and Randall, 1993; Craig et al., 2011).

Additionally, the body depth in Anyperodon is contained 3.1–

3.7 times in SL, while that for species of Epinephelus ranges

from 2.3–3.7 in SL (Heemstra and Randall, 1993; Craig et al.,

2011). Finally, the head length of Anyperodon is contained

2.3–2.5 in SL, while in species of Epinephelus the head length

Fig. 3. Cephalopholis sonnerati
(top) and C. rogaa (bottom). Photo-
graphs � Robert Myers.
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is contained 2.1–2.8 times in SL (Heemstra and Randall,
1993; Craig et al., 2011). Thus it appears that Anyperodon is
no more elongated or compressed than any other species of
Epinephelus. The absence of palatine teeth is thus a curious
autapomorphic specialization in the species that is worthy of
future investigation; however, it is insufficient to exclude it
from Epinephelus.

Cromileptes has a head shape (severely depressed anteriorly
and elevated posteriorly) that is unique among groupers (Fig.
7). It shares epineural ribs on vertebrae 1–10, two supraneural
bones, and no trisegmental pterygiophores with Epinephelus.
Despite its curious cranial morphology, there is no indication
that this species is anything other than a highly specialized
member of the genus Epinephelus. Similar cases of extreme
morphological specializations emerging within a clade are
not uncommon in fishes. For example, species of the genus
Gomphosus possess a remarkably elongated snout and are
nested deeply within the genus Thalassoma (Bernardi et al.,
2002). Similar to Paranthias x Cephalopholis, Gomphosus varius
is known to hybridize with Thalassoma lunare (Randall and
Allen, 2004). In captivity, C. altivelis has successfully been
hybridized with Epinephelus lanceolatus; however, it is
unknown if this would ever happen in the wild.

The large majority of species of Epinephelus are recovered in
two sister clades and form the crown of the grouper tree
(clades E and F, Figs. 1, 2). Morphological differentiation
among these two sister clades is lacking; however, they do
exhibit subtle differences in ecology. In clade E, the majority
of the species are relatively large (maximum total length 75
to 250 cm), and most are restricted to coral reefs. On the
other hand, Clade F contains species that are relatively small,
having maximum total length ,75 cm (Heemstra and
Randall, 1993; Craig et al., 2011), and most are widely

distributed, inhabiting both coral and non-coral reef envi-
ronments. Ecological factors have likely played a major role
in driving the divergence and radiation of these two species-
rich clades of groupers as 88% of cladogenic events have been
shown to be non-allopatric (Ma et al., 2016). It is also
important to note that the ‘‘reticulated-grouper complex’’
(Heemstra and Randall, 1993) is polyphyletic. The nine
reticulated-grouper species are scattered across three distinct
clades along with ‘‘non-reticulated’’ groupers.

Hyporthodus.—The genus Hyporthodus was resurrected for 14
species (H. darwinensis, H. haifensis, and H. perplexus included
incertae sedis) of deep-bodied groupers that were recovered as
monophyletic in Craig and Hastings (2007). It is character-
ized by having a deeper body, drab brown or olive coloration
with or without dark bars on body, pelvic fins that insert
immediately below or in front of the pectoral insertion, and
an elongate, triangular foramen formed by the articulation
between the cleithrum and the coracoids (circular foramen in
Epinephelus; Craig, 2005). Our analysis included all species of
Hyporthodus with the exception of H. darwinensis and H.
perplexus, two species which are only known from the type
series, and was monophyletic with the inclusion of E.
chabaudi, E. cifuentesi, E. drummondhayi, and the monotypic
Triso dermopterus. Epinephelus chabaudi and E. cifuentesi share
the characteristic deep body, pelvic fin insertion, and drab
coloration of species of Hyporthodus and are clearly members
of Hyporthodus. Epinephelus drummondhayi, however, does not
share these characteristics and its placement within Hypor-
thodus is uncertain. We provisionally place E. drummondhayi
as incertae sedis within Hyporthodus.

The inclusion of the monotypic Triso dermopterus in this
clade was somewhat surprising as it has some particularly

Fig. 4. Cephalopholis argus (top left), C. albomarginata (bottom left), C. polleni (top right photo � Luiz Rocha; bottom right photo � Bob Fenner,
www.wetwebmedia.com).
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distinct morphological features that distinguish it from

Hyporthodus. Randall et al. (1989) suggested that Triso is

most closely related to species in the genus Paranthias, a

logical conclusion as both Paranthias and Triso share a semi-

pelagic lifestyle and are similar in shape. However, as with

Paranthias, it appears that Triso is a second example within

the groupers of an evolutionary transition from a bottom-

dwelling lifestyle to a more pelagic one and reflects

Fig. 5. Cephalopholis fulva (top), C.
furcifer (middle), and hybrid C. fulva
x C. furcifer (bottom). Top and
middle photographs � Robert Myers,
bottom photograph � Luiz Rocha.
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remarkable convergent evolution. Our analysis also resolved

a problematic relationship shown in Craig and Hastings

(2007) and confirms the sister species relationship between

the trans-isthmian H. niphobles and H. niveatus.

Mycteroperca.—Morphologically, the genus Mycteroperca ap-

pears to be closely related to Epinephelus, as they both have

10 or 11 dorsal-fin spines and lack trisegmental pterygio-

phores in the dorsal and anal fins, as well as the knob at the

lower corner of maxilla (Heemstra and Randall, 1993). In past

treatments, Mycteroperca has primarily been distinguished

from Epinephelus by its greater number of anal-fin rays (10–13

in Mycteroperca and 7–10 in Epinephelus), its body depth at

dorsal-fin origin not more than depth at anus, and in its

caudal-fin shape (truncate, emarginate, or distinctly concave

in Mycteroperca versus generally round and rarely truncate in

Epinephelus). Consistent with previous studies (Craig and

Hastings, 2007; Zhuang et al., 2013; Ma et al., 2016), several

species of Epinephelus were nested within the clade contain-

ing Mycteroperca, including E. albomarginatus, E. andersoni, E.

caninus, E. costae, E. epistictus, E. goreensis, E. heniochus, E.

marginatus, E. morrhua, E. poecilonotus, E. posteli, and E.

radiatus (Clade D, Figs. 1, 2). With the exception of M. rubra,

all other species of Mycteroperca form the monophyletic

crown group to the entire clade (Clade D, Figs. 1, 2).

Although the species of Epinephelus within this clade have

8–9 anal-fin rays and a rounded caudal fin, several (E.

andersoni, E. goreensis, E. posteli) share the characteristic

evenness of body depth typical of Mycteroperca. Although

morphological synapomorphies have yet to be found, all

molecular data provide strong support for the monophyly of

this clade of groupers, and hence it seems most prudent to

include the 11 species of Epinephelus in Mycteroperca (the type

species for Epinephelus being recovered within clade F, thus

the monophyletic clade EþF retains the generic name).

Plectropomus and Its Allies.—The genus Plectropomus was

recovered as monophyletic; however, both the monotypic

Gonioplectrus and Saloptia are included in a larger monophy-

letic clade. All three genera share a relatively low dorsal-fin

spine count (7–8 vs. 9–11 in the remaining grouper genera).

Smith (1964), Leis (1986), and Heemstra and Randall (1993)

Fig. 6. Epinephelus goreensis (top;
photograph by Klaus Fiedler) and E.
leucogrammicus (bottom; photo-
graph � Robert Myers).
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hypothesized a close relationship between Saloptia and
Plectropomus. Species in these genera are the only groupers
with a single supraneural bone, low dorsal-fin spine count,
three large antrorse spines on the lower edge of the
preopercle, and only 13 branched caudal-fin rays. Saloptia
has been treated as a monotypic genus on the basis of the
relative strength of the median fin spines (‘‘strong’’ in
Saloptia and ‘‘weak’’ in Plectropomus; Heemstra and Randall,
1993) and an absence of enlarged canine teeth on the lower
jaw. Given the numerous synapomorphies shared by these
genera, the argument for retaining S. powelli in a monotypic
genus is relatively weak. The loss of canine teeth appears to
be an autapomorphic character and is insufficient to exclude
the species from Plectropomus.

The monotypic genus Gonioplectrus is also present in this
clade (clade A, Figs. 1, 2). This is not entirely surprising as it
shares the low number of dorsal-fin spines (8) with species of

Plectropomus. Gonioplectrus has two well-developed supra-

neurals (versus only one in Plectropomus and Saloptia), 15

branched caudal-fin rays (versus 13 in Plectropomus and

Saloptia), a prominent knob on the lower corner of the

maxilla (absent in Cephalopholis, Plectropomus, and Saloptia)

and unique cranial morphology (Heemstra and Randall,

1993). Given these differences, Gonioplectrus appears to be a

related, but distinct genus and is retained for the single

species G. hispanus.

Also included in the monophyletic clade A (Fig. 1) are

members of the genus Variola. With nine dorsal-fin spines,

this genus would seem to be closely related to Cephalopholis;

however, it is clear from the analyses that this is not the case.

Species of Variola are the only grouper species with a

pronounced, lunate tail. While closely allied with Plectropo-

mus and Gonioplectrus, the genus Variola appears to be a

Fig. 7. Epinephelus altivelis juvenile
(top) and adult (bottom). Photo-
graphs � Robert Myers.
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distinct group among the groupers with low dorsal-fin spine
counts and is therefore retained.

A revised taxonomy of grouper genera.—The results of Ma et al.

(2016) corroborate all previous studies with extensive taxon
sampling of groupers. Craig and Hastings (2007) provided a
classification based on their phylogeny, and we largely follow
their scheme. Our revised classification of groupers comprises
nine genera: Alphestes, Cephalopholis (subsuming Aethaloper-
ca, Gracila, and Paranthias), Dermatolepis, Epinephelus (sensu
stricto), Gonioplectrus, Hyporthodus (subsuming Triso dermopte-
rus, with the addition of three species previously placed in
Epinephelus), Mycteroperca (with the addition of 11 species

previously placed in Epinephelus), Plectropomus (subsuming
Saloptia), and Variola. Our revised classification is appended
(Appendix 1). The adoption of a phylogenetic classification
for the groupers will allow for a more thorough analysis of
the remarkable evolutionary transitions observed in this
group.
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Appendix 1. Classification of groupers. *Known only from
type series.

Family Epinephelidae
Subfamily Epinephelinae (169 species)

Genus Alphestes Bloch and Schneider (3 species)
Type species: Epinephelus afer Bloch (by subsequent designa-

tion of Jordan and Swain).
Type locality: Gulf of Guinea (Craig et al., 2006).
Included species:

A. afer (Bloch, 1793)
A. immaculatus Breder, 1936
A. multiguttatus (Günther, 1867)

Genus Cephalopholis Bloch and Schneider (28 species)
Type species: Cephalopholis argus Bloch and Schneider.
Type locality: East Indies.
Included species:

C. aitha Randall & Heemstra, 1991
C. albomarginatus (Fowler & Bean, 1930) (formerly Gracila)
C. argus Schneider, 1801
C. aurantia (Valenciennes, 1828)
C. boenak (Bloch, 1790)
C. colonus (Valenciennes, 1846) (formerly Paranthias)
C. cruentata (Lacepède, 1802)
C. cyanostigma (Valenciennes, 1828)
C. formosa (Shaw, 1812)
C. fulva (Linnaeus, 1758)
C. furcifer (Valenciennes, 1828) (formerly Paranthias)
C. hemistiktos (Rüppell, 1830)
C. igarashiensis Katayama, 1957
C. leopardus (Lacepède, 1801)
C. microprion (Bleeker, 1852)
C. miniata (Forsskål, 1775)
C. nigri (Günther, 1859)
C. nigripinnis (Valenciennes, 1828)
C. oligosticta Randall & Ben-Tuvia, 1983
C. panamensis (Steindachner, 1876)
C. polleni (Bleeker, 1868)
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C. polyspila Randall & Satapoomin, 2000
C. rogaa (Forsskål, 1775) (formerly Aethaloperca)
C. sexmaculata (Rüppell, 1830)
C. sonnerati (Valenciennes, 1828)
C. spiloparaea (Valenciennes, 1828)
C. taeniops (Valenciennes, 1828)
C. urodeta (Forster, 1801)

Genus Dermatolepis Gill (3 species)
Type species: Dermatolepis punctatus Gill (¼Epinephelus derma-

tolepis Boulenger; replacement name for D. punctatus
preoccupied in Epinephelus by Holocentrus punctatus Bloch).

Type locality: Cabo San Lucas, Baja California, Mexico.
Included species:

D. dermatolepis (Boulenger, 1895)
D. inermis (Valenciennes, 1833)
D. striolata (Playfair, 1867)

Genus Epinephelus Bloch (76 species)
Type species: Epinephelus marginalis Bloch (¼E. fasciatus

[Forsskål] designated under the plenary powers of the
ICZN Opinion 93).

Type locality: Red Sea.
Included species:

E. adscensionis (Osbeck, 1765)
E. aeneus (Geoffroy Saint-Hilaire, 1817)
E. akaara (Temminck & Schlegel, 1842)
E. altivelis (Valenciennes, 1828) (formerly Cromileptes)
E. amblycephalus (Bleeker, 1857)
E. analogus Gill, 1863
E. areolatus (Forsskål, 1775)
E. awoara (Temminck & Schlegel, 1842)
E. bilobatus Randall & Allen, 1987
E. bleekeri (Vaillant, 1878)
E. bontoides (Bleeker, 1855)
E. bruneus Bloch, 1793
E. chlorostigma (Valenciennes, 1828)
E. clippertonensis Allen & Robertson, 1999
E. coeruleopunctatus (Bloch, 1790)
E. coioides (Hamilton, 1822)
E. corallicola (Valenciennes, 1828)
E. cyanopodus (Richardson, 1846)
E. daemelii (Günther, 1876)
E. diacanthus (Valenciennes, 1828)
E. erythrurus (Valenciennes, 1828)
E. fasciatomaculosus (Peters, 1865)
E. fasciatus (Forsskål, 1775)
E. faveatus (Valenciennes, 1828)
E. flavocaeruleus (Lacepède, 1802)
E. fuscoguttatus (Forsskål, 1775)
E. gabriellae Randall & Heemstra, 1991
E. geoffroyi (Klunzinger, 1870)
E. guttatus (Linnaeus, 1758)
E. hexagonatus (Forster, 1801)
E. howlandi (Günther, 1873)
E. kupangensis Tucker, Kurniasih and Craig, 2016
E. irroratus (Forster, 1801)
E. itajara (Lichtenstein, 1822)
E. labriformis (Jenyns, 1840)
E. lanceolatus (Bloch, 1790)
E. latifasciatus (Temminck & Schlegel, 1842)
E. leucogrammicus (Valenciennes, 1828) (formerly Anyper-

odon)
E. longispinis (Kner, 1864)

E. macrospilos (Bleeker, 1855)
E. maculatus (Bloch, 1790)
E. magniscuttis Postel, Fourmanoir & Gueze, 1963
E. malabaricus (Bloch & Schneider, 1801)
E. melanostigma Schultz, 1953
E. merra Bloch, 1793
E. miliaris (Valenciennes, 1830)
E. moara (Temminck & Schlegel, 1842)
E. morio (Valenciennes, 1828)
E. multinotatus (Peters, 1876)
E. ongus (Bloch, 1790)
E. polylepis Randall & Heemstra, 1991
E. polyphekadion (Bleeker, 1849)
E. polystigma (Bleeker, 1853)
E. quinquefasciatus (Bocourt, 1868)
E. quoyanus (Valenciennes, 1830)
E. retouti Bleeker, 1868
E. rivulatus (Valenciennes, 1830)
E. sexfasciatus (Valenciennes, 1828)
E. socialis (Günther, 1873)
E. spilotoceps Schultz, 1953
E. stictus Randall & Allen, 1987
E. stoliczkae (Day, 1875)
E. striatus (Bloch, 1792)
E. summana (Forsskål, 1775)
E. tauvina (Forsskal, 1775)
E. trimaculatus (Valenciennes, 1828)
E. tuamotuensis Fourmanoir, 1971
E. tukula Morgans, 1959
E. undulatostriatus (Peters, 1866)
E. undulosus (Quoy & Gaimard, 1824)

Species incertae sedis:
E. chlorocephalus* (Valenciennes, 1830)
E. indistinctus* Randall & Heemstra, 1991
E. lebretonianus* (Hombron & Jacquinot, 1853)
E. suborbitalis* Amaoka & Randall, 1990
E. timorensis Randall & Allen, 1987
E. trophis* Randall & Allen, 1987

Genus Gonioplectrus Gill (1 species)
Type species: Plectropoma hispanum Cuvier.
Type locality: Martinique.
Included species:

G. hispanus (Cuvier, 1828)

Genus Hyporthodus Gill (18 species)
Type species: Hyporthodus flavicauda [¼Epinephelus niveatus

(Valenciennes in Cuvier and Valenciennes)]
Type locality: Newport, Rhode Island.
Included species:

H. acanthistius (Gilbert, 1892)
H. chabaudi (Castelnau, 1861) (formerly Epinephelus)
H. cifuentesi Lavenberg & Grove, 1993 (formerly Epinephe-

lus)
H. dermopterus (Temminck & Schlegel, 1842) (formerly

Triso)
H. ergastularius (Whitley, 1930)
H. exsul (Fowler, 1944)
H. flavolimbatus (Poey, 1865)
H. haifensis (Ben-Tuvia, 1953)
H. mystacinus (Poey, 1852)
H. nigritus (Holbrook, 1855)
H. niphobles (Gilbert & Starks, 1897)
H. niveatus (Valenciennes, 1828)
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H. octofasciatus (Griffin, 1926)
H. quernus (Seale, 1901)
H. septemfasciatus (Thunberg, 1793)

Species incertae sedis:
H. darwinensis* Randall & Heemstra, 1991
H. perplexus* (Randall, Hoese & Last, 1991)
H. drummondhayi Goode & Bean, 1878 (formerly Epinephe-

lus)

Genus Mycteroperca Gill (27 species)
Type species: Serranus olfax Jenyns (by subsequent designa-

tion of Gill 1866).
Type locality: Galapagos Islands.
Included species:

M. acutirostris (Valenciennes, 1828)
M. albomarginatus (Boulenger, 1903) (formerly Epinephelus)
M. andersoni (Boulenger, 1903) (formerly Epinephelus)
M. bonaci (Poey, 1860)
M. cidi Cervigón, 1966
M. caninus (Valenciennes, 1843) (formerly Epinephelus)
M. costae (Steindachner, 1878) (formerly Epinephelus)
M. epistictus (Temminck & Schlegel, 1842) (formerly

Epinephelus)
M. fusca (Lowe, 1838)
M. goreensis (Valenciennes, 1830) (formerly Epinephelus)
M. heniochus Fowler, 1904 (formerly Epinephelus)
M. interstitialis (Poey, 1860)
M. jordani (Jenkins & Evermann, 1889)
M. marginatus (Lowe, 1834) (formerly Epinephelus)
M. microlepis (Goode & Bean, 1879)
M. morrhua (Valenciennes, 1833) (formerly Epinephelus)
M. olfax (Jenyns, 1840)
M. phenax Jordan & Swain, 1884
M. poecilonotus (Temminck & Schlegel, 1842) (formerly

Epinephelus)
M. posteli (Fourmanoir & Crosnier, 1964) (formerly Epi-

nephelus)
M. prionura Rosenblatt & Zahuranec, 1967
M. radiatus (Day, 1868) (formerly Epinephelus)
M. rosacea (Streets, 1877)
M. rubra (Bloch, 1793)
M. tigris (Valenciennes, 1833)
M. venenosa (Linnaeus, 1758)
M. xenarcha Jordan, 1888

Genus Plectropomus Oken (9 species)
Type species: Bodianus maculatus Bloch (by subsequent

designation of Jordan, Tanaka, and Snyder).
Type locality: Reported as Japan but probably an error for

Java (Heemstra and Randall, 1993).
Included species:

P. areolatus (Rüppell, 1830)
P. laevis (Lacepède, 1801)
P. leopardus (Lacepéde, 1802)
P. maculatus (Bloch, 1790)
P. marisrubri Randall & Hoese 1986
P. oligacanthus (Bleeker, 1855)
P. pessuliferus (Fowler, 1904)
P. powelli (Smith, 1964) (formerly Saloptia)
P. punctatus (Quoy & Gaimard, 1824)

Genus Variola Swainson (2 species)
Type species: Variola longipinna Swainson (¼Perca louti

Forsskål by monotypy).
Type locality: Indian Ocean.
Included species:

V. albimarginata Baissac, 1953
V. louti (Forsskål, 1775)
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