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Abstract

Poore, G.C.B., 1994. A phylogeny of the families of Thalassinidea (Crustacea: Decapo-
da) with keys to families and genera. Memoirs of the Museum of Victoria 54: 79-120.

The confused taxonomy of the Thalassinidea (73 genera recognised here) is briefly |
reviewed. States of 93 characters are discussed with reference to five outgroup genera of
reptant decapods. The linea thalassinica is concluded to be homelogous with the linea
anomurica of Anomura, Its loss in Axioidea is thought secondarily derived, Burrowing behav-
iour in callianassoids is coincident with loss of the interaction between the posterior margin
of the carapace and anterolateral lobes on abdominal somite 1, and with loss of abdominal
pleura. Characters from gills, mouthparts and pereopods are discussed. Pereopodal spiniform
setae are a unifying feature of some axioids. Auxiliary surfaces on the margins of pleopods
of Callianidea and Michelea are not homologous. Setal-rows, once thought to unite several
genera into the Callianideidae are shown to be more widespread and this family, as previ-
ously conceived, 1o be polyphyletic.

A computer-aided phylogenetic analysis of the families, represented by 22 genera, has
confirmed the monophyly of the infraorder, based largely on the unique possession of a
setose lower margin to pereopod 2, The Thalassinidea are divided into three superfamilies:
Thalassinoidea and Callianassoidea, more closely related to each other than to Axioidea.
The Thalassinoidea contains a single family and single genus, Thalassina. Callianassoidea
are divided into six families: Laomediidae, Upogebridae, Callianideidae, Thomassiniidae,
Ctenochelidae (paraphyletic), and Callianassidae. Axioidea contain four families: Calocari-
didae, Axiidae, Strahlaxiidae fam. nov. and Micheleidae,

The new classification differs from that of Borradaile (1903) only in the inclusion of many
more taxa. The affinities between families suggested by Gurney (1938), de Saint Laurent
(1973), Kensley and Heard (1991) and Sakai (1992a) are not supported.

Diagnoses and keys are presented for the families and all the currently accepted genera,
largely based on review of the literature and reference to museum collections,
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Introduction

The decapod infraorder Thalassinidea is a
group of families of reptant or “tailed decapods
which recall the hermit-crabs in some respects
and the lobsters and crawfishes in others” (Bor-
radaile, 1903). A satisfactory diagnosis of the
group has never been given in spite of the atten-
tion of numerous workers. While preparing a
contribution describing several new tha-
lassinidean taxa it became clear that the Tha-
lassinidea had never been unambiguously
defined and the relationships between all the fam-
ilies had not been thoroughly investigated.

Several families have been assigned to the Tha-
lassinidea but the number, and the genera con-
tained therein, are somewhat contentious. Sev-
enty-three genera are recognised here but the
number of available names 1s larger. Three fam-
ilies, each well defined but themselves not appar-
ently closely related, are:

Thalassinidae Dana, 1852 with two to four very
similar species in one genus (fig. la; Poore and
Griffin, 1979; Dworschak, 1992; Sakai, 1992a).

Laomediidae Borradaile, 1903 with 15 species
in five diverse genera (fig. 1b; Kensley and
Heard, 1990); and

Upogebiidae Borradaile, 1903 with over 100
species world-wide in seven quite similar genera
(fig. 1¢; Sakai, 1982; Ngoc-Ho, 1989; Williams
and Ngoc-Ho, 1990; Sakai, 1993);

The monophyly of each of these three families
is not disputed and each can be defined by numer-
ous autapomorphies.

The remaining genera have been assigned to
at least two and as many as 14 family-level taxa
and their classification has been more unstable.

The largest of these families are Axiidae Hux-
ey, 1879 (fig. 3a) and Callianassidae Dana, 1852
(fig. 2c). Both have from time to time included
some forms which could not be clearly assigned.
One genus, Calocaris Bell, 1853, was moved to
its own family, Calocarididae Ortmann, 1891,
but for most of this century has been treated as a

member of the Axiidae. Ortmann’s taxonomic
judgement was supported by Kensley (1989) but
was not followed by Sakai and de Saint Laurent
(1989). Kensley (1989) included in the Calo-
carididae four genera previously included in the
Axiidae. Sakai and de Saint Laurent (1989) sep-
arated Coralaxius Kensley and Gore, 1981 into
a new subfamily, Coralaxiinae.

The Callianassidae and the smaller Callian-
ideidae Kossmann, 1880 were first redefined in
amodern context by de Saint Laurent (1973} who
erected a new subfamily of the former,
Thomassiniinae. This work was extended by
Manning and Felder (1991, 1992), Manning
(1992) and Rodrigues and Manning (1992} who
erected four further callianassid subfamilies and
several new genera. Manning and Felder (1991)
implicitly raised Thomassininae to family rank,
They added a new family Ctenochelidae (with
three subfamilies) for four atypical genera.

Seven callianideid- and thomassiniid-like gen-
era were grouped into the Callianideidae by
Kensley and Heard (1991). Sakai (1992a) added
another genus (here treated as a junior synonym
of Callianidea) and divided the family into four
subfamilies. Another is added in this work.
Numerous new species are being described in
work in progress. The genera of interest are: Cal-
lianidea Milne Edwards, 1837 (fig. 2a), Cros-
niera Kensley and Heard, 1991, Marcusiaxius
Rodrigues and Carvalho, 1972 (fig. 3¢), Meti-
conaxius De Man, 1903, Michelea Kensley and
Heard, 1991 (fig. 3b), Mictaxius Kensley and
Heard, 1991, Tethisea gen. nov. and Thomassinia
de Saint Laurent, 1979a {fig. 2b).

The Thalassinidea have also included from
time to time the genera Ernoplometopus Milne
Edwards, 1862 and Hoplometopus Holthuis,
1983 in the Axiidae (Balss, 1957; Holthuis, 1983)
but these are now removed to their own family
and superfamily {de Saint Laurent, 1988).

The definition of the Thalassinidea and the
relationships between families, subfamilies and
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genera are now uncertain. There are competing
definitions of Callianideidae, Thomassiniidae
and their subfamilies. Examination of species of
Axiidae, Calocarididae, Ctenochelidae and Cal-
lianassidae revealed that some of the characters
used to define the callianideid and thomassiniid
groups are more widespread than hitherto appre-
ciated and that neither the schemes of Kensley
and Heard (1991) nor of Sakai (1992a) seem to
reflect the phylogeny of the infraorder.

It is the objective of this paper to attempt to
define the Thalassinidea and to present a new
hypothesis explaining family relationships. The
work does not resolve generic definitions or rela-
tionships in the Axiidae and Calocarididae [dealt
with by Sakai and de Saint Laurent (1989), Kens-
ey (1989, work in progress)], and Callianassi-
dae and Ctenochelidae [dealt with by Manning
and Felder (1991, 1992), Manning (1992) and
Rodrigues and Manning (1992)] although many
taxa in these families have been examined in the
course of this study. This need arose from the
realisation that these families are not as homo-
geneous as current usage suggests.

A new classification and diagnoses of the
superfamilies and families reflecting these rela-
tionships are offered. Keys, based mostly on
recently published literature, to the superfami-
lies, families and genera of Thalassinidea in cur-
rent use are presented.

Methods

Material for this study comes largely from the
Muséum National d’Histoire Naturelle, Paris,
and from the Museum of Victoria, Melbourne
and checked for general consistency by review-
ing the literature. Specimens of the rarest species
will be listed in a paper nearing completion.

Hennigian phylogenetic (cladistic) methods
were used to generate cladograms as hypotheses
of the relationships of thalassinidean families.
For families of undisputed monophyly, single
genera were chosen for inclusion (Thalassinidae,
Laomedtidae and Upogebiidae). For others where
subfamily relationships are unclear (Callianassi-
dae, Axiidae, Ctenochelidae), or whose generic
composition is controversial (Callianideidae,
Thomassiniidae, Micheleidae), several or all gen-
era were included in the analysis.

Outgroups were chosen from the reptant
Decapoda in order to assess general evolution-
ary trends. These trends are assumed but are
unlikely to be controversial. I contend that the
primitive thalassinidean had the general habitus

shown by the modern axiids, upogebiids,
laomediids or thalassinids rather than by
callianassids. In the axiids, for example, the
cephalothorax is compact, little shorter than the
abdomen, solid, with a prominent rostrum from
which originate dorsolateral carinae running on
to the carapace. The abdomen is firmly attached
to the cephalothorax, has well developed pleura
on all somites, and is strongly reflexed. In addi-
tion, the second abdominal pleuron overlaps the
first anteriorly and the two abdominal somites
articulate by means of a lateral condyle (cf.
Burkenroad, 1981: 259-260). The pleopods 2-5
are similar and sexually unspecialised, and the
pereopods 2—4 are typically cylindrical and lin-
ear rather than flattened for digging in soft sedi-
ments.

As far as is known axiids live in short burrows
in hard or soft sediment, in crevices between
rocks, or in cavities in sponges or corals, Kens-
ley and Simmons (1988) described the straight
150-mm-long burrows of their new species Axio- .
rygma nethertoni. Pemberton et al. (1976) report-
ed that Axius serratus builds burrows up to 3
metres deep. Calocaris macandrae (Calocaridi-
dae) has also been reported to construct burrows
(Atkinson and Taylor, 1988). In general they do
not build complex lined burrows in muddy or
sandy sediments as is the case for some cal-
lianassids (de Vaugelas and de Saint Laurent,
1984; Suchanek et al., 1986), a form of behaviour
which is correlated with a more elongate body
form, specialised fossorial pereopods, and con-
siderable flexibility between the cephalothorax
and first abdominal somites.

Discussion on character transformations is
based on the assumption that the compact
habitus is primitive and the elongate tube-
dwelling habitus is derived. Many of the charac-
ter transformations used in constructing the phy-
logeny reflect this assumed change in biology.
Loss of rostrum and absence of armature on the
carapace, abdomen and limbs seem correlated
with a burrowing way of life. No assumption is
made on the monophyly of the elongate forms.

The program, HENNIG86, was used to estab-
lish generic relationships and in order to derive
a practical classtfication which as closely as pos-
sible reflected these relationships. Its results were
confirmed with the program PAUP version 2.4
which was used to generate a list of apomorphies
for each clade in the chosen tree.

The following sections describe the outgroups,
taxa chosen and character transformations, before
discussing the results and classification.
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Cuigroups

The living glypheid, Neoglyphea inopinata,
described in detail by Forest and de Saint Laurent
(1981, 1989) was selected as an outgroup and,
because it scored zero (was plesiomorphic) for
all characters except one, it became the effective
‘ancestor’ against which the trees were rooted.
The genus Enoplometopus Milne Edwards
(sometimes considered an axiid) to represent the
superfamily Enoplometopoidea de Saint Laurent,
1988 and the nephropid, Nephropsis stewarti
Wood-Mason, were also included. The Anomu-
ra were represented by a species of Munida
(Galatheidae) and of Dardanus (Diogenidae).

Taxa chosen

Twenty-two genera representing at least 12
families or subfamilies were included in the phy-
logenetic analysis. The species from which data
were gathered are listed in parentheses,

Three genera represent monophyletic families
which, except for the Laomediidae, are relative-
ly homogeneous: Upogebia Leach [U. darwinii
(Miers) but see also Williams, 1986; Ngoc-Ho,
1989; Le Locuff and Intés, 1974]; Laomedia De
Haan [L. healyl Yaldwyn and Wear but see also
Kensley and Heard, 1990]; and Thalassira
Latreille [T, squamifera De Man].

The remaining families are much more diverse
in form and with a complex nomenclature. Gen-
era were selected to cover all nominate families
and subfamilies.

The Axiidae (including Coralaxiinae) and
Calocarididae include at least 30 genera (Sakai
and de Saint Lavrent, 1989; Kensley, 1989;
Sakai, 1992b) but the monophyly of the two
families is still questionable. Six very different
genera were chosen: Axiopsis Borradaile [A. ser-
ratifrons Milne Edwards]; Axius Leach [A.
stirbynchus Leach]; Calocaris Bell [C. macan-
dreae Bell]; Coralaxins Xensley and Gore [C.
abelei Kensley and Gore]; Spongiaxius Sakai and
de Saint Laurent [an undescribed New Caledon-
ian species); Strahlaxius Sakai and de Saint Lau-
rent [S. plectrorhynchus (Strahl)]. Because so
few genera were selected from this group, the
generic relationships of the family (or families)
suggested by the analysis are only a weak
hypothesis.

All genera of the Callianideidae in the sense
of Kensley and Heard (1991) and Sakai (1992a)
were included: Callianidea [C. typa Milne
Edwards and C. laevicauda Gill]; Thomassinia
[T. gebioides de Saint Laurent and 7. sp. nov.};

Crosniera Kensley and Heard [C. miruta (Rath-
bun} and C. sp. nov.]; Mictaxius [M. sp. nov.];
Marcusiaxius [M. lemoscastrei Rodrigues and
de Carvalho]; Meticonaxius {M. monodon De
Man]; Michelea [M. leura (Poore and Griffin}];
Tethisea gen. nov. [T. indica sp. nov.]. Informa-
tion for all genera was supplemented by other
species examined for another work in prepara-
tton.

Four genera were selected from the Ctenoche-
lidae as defined by Manning and Felder, 1991:
Anacalliax de Saint Laurent [Anacalliax agassizi
(Biffar)]; Ctenocheles Kishinouye [C. collini
Ward]; Gourretia de Saint Laurent {an unde-
scribed species]; Paracalliax de Saint Laurent
[P. bollorei de Saint Laurent].

The Callianassidae were represented by Try-
paea Dana [Trypaea australiensis Danal.
Detailed anatomical descriptions of several cal-
lianassid genera can be found in de Saint Lau-
rent and Le Loeuff (1979) and Manning and
Felder (1991). In fact, the characters scored were
largely consistent throughout most callianassid
genera, such as Callianassa Leach, Callichirus
Stimpson and Glypturus Stimpson, as revealed
by areview of extensive collections in the Muse-
um of Victoria and the Muséum National d’His-
toire Naturelle. It was not an objective to inves-
tigate the relationships of the genera of this large
family, only to determine its affiliation to the
other thalassinideans.

Character discussion

Ninety-three characters were used in the analy-
sis and are discussed in turn. All are potential
synapomorphic characters (i.e. none is apomor-
phic for a single genus). Their states are given in
Table 1 and the data matrix in Table 2. Generic
autapomorphies are not included in these tables.

Carapace, linea thalassinica and rostrum. The
linea thalassinica (figs 1a-c, 2b, 2c) is said to
characterise the Thalassinidea and much has been
made of it in the classification of the families.
The acquisition of a well-developed linea tha-
lassinica which supposedly allows the lateral
carapace to hinge for ventilation and cleaning of
the gills would be of value to an animal in a bur-
row. Borradaile (1903) used the absence of a
linea thalassinica to separate the Axiidae (also
burrowers)} from the other three families he
recognised. However, the homology of the linea
thalassinica with the linea anomurica in Anomu-
ra has never been convincingly demonstrated. I
believe that the linea thalassinica is homologous
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throughout the thalassinidean genera in which
it occurs and is homelogous with the linea
anomurica.

Four reference points on the anterior margin
of the carapace (e.g. fig. 4m) serve to establish
this homology: (1) median rostrum; (2) ocular
lobe or spine (lateral to the eyestalk); (3} bran-
chiostegal sclerite (a thickened more or less tri-
angular marginal part of the branchial area
attached to the epistome anteriorly, defined by
weakly calcified grooves dorsally and ventrally,
and to which a transverse muscle attaches poste-
rior to the mouthparts); and (4) anterior bran-
chiostegal lobe {a free lobe of the carapace
enclosing the mouthparts anterolaterally). The
linea anomurica and linea thalassinica start ante-
riorly as a line of weak calcification defining the
dorsal margin of the branchiostegal sclerite. The
cervical groove runs obliquely and converges
with it.

The linea thalassinica runs the complete length
of the carapace in Thalassinidae (fig. la),
Laomediidae (fig. 1b), most Callianassidae (fig.
2¢) and Ctenochelidae as does the linea anomuri-
ca in Galatheidae. In upogebiids the anterolater-
al margin of the cephalothorax is oblique, the
branchiostegal sclerite is some distance postert-
or to the ocular spine, and the thoracic sternites
very short (fig. 1¢). As a consequence the linea
thalassinica is depressed anterior to the point
where the cervical groove meets it. The bran-
chiostegal sclerite is more rounded anteriorly
than in the Callianassidae but its relationship to
the anterior branchial lobe is the same as in other
families. An oblique branchiostegal ridge cross-
es and strengthens the branchiostegal sclerite and
often appears as an extension of the cervical
groove. The pattern in upogebiids varies between
species and is complicated by failure of the linea
to always reach the posterior margin of the cara-
pace. An oblique ridge posteriorly on the
branchial flap is variously developed in some
species and may appear with an associated
groove in place of the posterior section of the
linea thalassinica. However, whatever the mod-
ification of the linea in more evolved upogebiids,
there seems little doubt to me that the upogebiid
pattern is primitively much the same as in other
thalassinideans.

In Axiidae (figs 3a, 4a), Calocarididae and
Micheleidae (figs 3b, c} the front of the carapace
is simpler. The rostrum, weak ocular lobe and
anterior branchiostegal lobe are clear but a
defined branchiostegal sclerite is wanting. A very
weak lobe near the base of antenna 2 may indi-

cate its anterodorsal corner in some genera. The
linea thalassinica is never visible.

Callianidea (fig. 2a) appears very similar to
Axiidae but in one of the species (the most prim-
itive on other counts — pleopodal lamellae, male
pleopods), C. laevicauda, a short linea tha-
lassinica is present and this is how the genus is
scored.

In Thomassiniidae there is a linea thalassinica
starting between the rostrum and a dorsolateral
lobe next to the eyestalk (figs 44, j). If this is a
homologue of the linea thalassinica the lobe must
be interpreted as the remnant of the branchioste-
gal sclerite and the ocular lobe must be absent,
An alternative explanation is that the dorsolater-
al lobe is homologous to the ocular lobe nsually
found at that site, the true linea is lost, and the
longitudinal groove is a new structure. The first
explanation seems the simpler and is preferred.

Characters 1 and 2 in Table 1 describe the
grooves on the carapace.

An armed rostrumn is a usual feature of reptant
decapods and its presence is assumed ple-
siomorphic. The thalassinidean rostrum is never
strongly laterally compressed as in many
carideans but is always dorsoventrally flattened
or reduced. The most primitive condition is seen
in axiids (figs 4a—e) and is similar to that in Neo-
ghyphea in the possession of lateral carinae and
a median carina which does not reach the anteri-
or apex, Within the Thalassinidea the rostrum
takes various forms many of which are probably
independently derived from the primitive condi-
tion. In several genera, notably in the Callianas-
sidae but also elsewhere, it is very reduced, tri-
angular and shorter than the eyestalks (figs 41,
m; character 3); in others there is secondarily a
spike-like rostrum (fig. 4i: character 4) and in
many genera loss of armature (character 5).

Upogebia and Thalassina share a trilobed ‘ros-
trum’ of which the most lateral carinae are pos-
sibly derived from a ridge running back from the
ocular spine. The origin of this cannot be seen in
other reptants but the homologies of the struc-
tures involved are suggested by the possession
of sublateral carinae meeting at the apex of the
true rostrum and medial to the most lateral {ocu-
lar) ridges {figs 40—q; character 6). The sides of
the rostrum generally continue back on to the
carapace as lateral carinae usually fringed by
setae. Loss of the carinae in several genera is con-
sidered apomorphic (figs 4i-1; character 7). The
median rostral carina seen in Neoglyphea is fre-
quently lost {character 8).

In the Ctenochelidae the dorsal organ (see
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Martin and Laverack, 1992, for a review of the
structure and physiological functions of this
sense organ) is raised on a cardiac prominence
(Manning and Felder, 1991) (character 9).

Carapace-abdomen articulation. Life in long
burrows demands a more elongate and flexible
habitus than in a typical shrimp. This is best scen
in the degree of articulation between the
cephalothorax and abdominal somite 1. In the
shrimp-like forms a pair of prominent anterolat-
eral lobes on abdominal somite 1 ride on a thick-
ened posterior margin of the cephalothorax and
maintain the relative positions of the carapace
and pleon. All reptants, such as Neoglyphea
inopinata, all nephropids and astacideans, pos-
sess these anterolateral lobes in one form or
another so they are undoubted plesiomorphies
within Reptantia. These last named groups pos-
sess a posterior carapace margin which is regu-
larly convex mid-dorsally and differs from that in
many thalassinideans. In some thalassinidean
families the posterior margin is similar and tri-
partite: on each side of the median convexity is
a strong posterolateral lobe whose margin is
strengthened by a smooth ridge on which the
anterolateral lobes of abdominal somite 1 ride
(figs 7a—d). Chace and Kensley (1992) discussed
a similar arrangement in the alpheid shrimps and
defined a ‘cardiac notch’ in this family. The pat-
tern in the Thalassinidea is not thought homolo-
gous. The medial portion may be strongly
depressed posteriorly in micheleids to enclose
the midanterior sclerite of abdominal somite 1.

In the more shrimp-like forms abdominal
somite 1 is half as long as the second, is sclero-
tised anterior to the anterolateral lobes, and
possesses a prominent pleuron (fig. 7a). The ante-
rior margin of the pleuron of abdominal somite
2 extends forward and covers the posterior mar-
gin of abdominal somite 1 {reptant- and caridean-
like). Lateral condyles ensure that articulation
between the first and second somites is in one
plane.

In burrowing forms the cephalothorax-
abdomen relationship is similar except that
abdominal somite 2 is longer. Some species are
more shrimp-like than others but there is a ten-
dency for greater flexibility than in Axiidae, for
example, by weakening of the lateral condyles.
The pleuron of abdominal somite 1 is not promi-
nent and is represented only by a non-projecting
lateral plate. In callianassid-like genera the ante-
rior sclerotisation is weak.

In the elongate burrowing families the antero-
lateral lobes on abdominal somite 1 and the pos-
terolateral carapace ridges on which they ride in
primitive forms are obsolete or absent. Abdom-
inal somite 1 is elongate, almost or about as long
as the second, and its pleuron obsolete. The ante-
rior margin of abdominal pleuron 2 does not
overlap anteriorly (figs 2b, 2¢, Te).

Characters 10-17 in Table 1 summarise evo-
lutionary changes in the posterior carapace and
abdominal somites 1 and 2.

Thoracic sternites. Thoracic sternite 7 is a com-
plex structure which bears pereopods 4. In all
thalassinideans, anomurans and in Neoglyphea it
is separate from and more substantial than ster-
nite 8 {(character 18). Sakai and de Saint Laurent
(1989} illustrated its variation in Axiidae but not
very exactly in many cases. Homologies between
the structures seen in Thalassinidea and in the
other reptants are not clear. In Neoglyphea the
articulation of coxa 4 is oblique on two condyles,
and the sternite bears two sinuous episternal
ridges which are well separate posteriorly (For-
est and de Saint Laurent, 1989: fig. 2). In all tha-
lassinideans the episternal ridges meet posterior-
ly where they are separated by a deep slit. There
is a median ridge anterior to the coxal condyles
(fig. 8a). There is a tendency in the burrowing
forms for the episternal ridges to become obso-
lete posteriorly (the sternite to be smooth except
for the median slit), for the anterior ridge to be
broadened, and for the articulation between ster-
nite and coxa to become weak (figs 8b, c).
Rarely, for example in some apparently advanced
thomassiniids, remnants of the hooks of the epis-
ternal ridges are seen. Coxa 4, more or less cylin-
drical in Neoglyphea and primitive tha-
lassinideans, becomes flattened in the burrowers,
especially with the development of an antero-
medial lobe which may meet its pair medially.

Characters 19-24 in Table 1 explain changes
in thoracic sternite 7 and coxa of pereopod 4.

Gills. The changes in shape of the elements of
the gills and number of thoracic gills are com-
plex.

In the non-thalassinidean reptants the epipods
vary in form, the elements of the gills
{(podobranchs, arthrobranchs and pleurobranchs)
are digitiform or lamellate and either regularly
or irregularly arranged along a rachis. In anomu-
rans and thalassinideans the gill elements arc reg-
ularly arranged in pairs except in Thalassina
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where the gill clements are irregular filaments
(fig. 6m). Paired lamellae would seem to be a
strong unifying feature of many families {figs én,
0). In some species of Upogebia each paired
lamella appears divided into two. Ngoc-Ho
(1981) hypothesised that this was a derived con-
dition, subdivision of a broad lamella into two
filaments, and correlated this with more
advanced conditions such as a dorsal tooth on the
mandible and absence of epipod on maxilliped
1. She contrasted this with the antithetical view
of de Saint Laurent and Le Loeuff (1979) who
viewed the four filamentous elements as more
plesiomorphic than two lamellate elements, My
examination of the underlying structure of the
gills and correlation with other characters sup-
ports Ngoc-Ho’s interpretation.

The most plesiomorphic condition of the num-
ber of gills is shown in Neoglyphea whose num-
bers of gills are as follows (Forest and de Saint
Laurent, 1975):

Thoracomere: 1 2 3 4 5 6 7 8
Pleurobranchs - - - - 1 1 1 1
Arthrobranchs 1 1 2 2 2 2 2 -
Podobranchs -1 11111 -
Epipods - 111 111

The tendency for loss of thoracic branchiae
throughout the Thalassinidea shows considerable
homeoplasy and losses of different gills are not
correlated. The absence of arthrobranch 1 and the
loss or reduction of plearobranch 8 are the only
apomorphies common to all thalassinideans. Tha-
lassina is unique in possessing a second smaller
arthrobranch on thoracic somite 2. Epipods are
primitively foliaceous at least posteriorly but
become linear or lost in more apomorphic taxa.
The presence of only a rudimentary gill is treat-
ed as an apomorphy in the same way as its loss
in this analysis. In some genera, ¢.g. Michelea,
Crosniera and Mictaxius, species exist with
fewer gills than shown in Table 2. The most ple-
siomorphic condition known for the genus is that
scored. Table 1 lists the characters 25--31 describ-
ing gills. In the first analysis charcters were treat-
ed as ordered and In an alternative, as unordered.

Cephalon and mouthparts. Long setae on the
epistome are not widespread within the Reptan-
tia; their presence is considered apomorphic
(character 32) but their occurrence is irregular.
The cylindrical articulating eyestalk with a ter-
minal cornea is the ancestral condition within the

Decapeda (figs 4a—c, n). A flattened eyestalk
with dorsal cornea is apomorphic (figs 4f, i-k;
character 33).

An elongate waisted first article on antenna 1
is a peculiarity of micheleids (fig. 4f; character
34). Article 3 is primitively Ionger than the first
two in outgroups and its shortening is a feature
of axiids and micheleids (figs 4a, f; character 35).
A similar situation is seen is some ctenochelids.

A scaphocerite (exopod) attached to the distal
border of article 2 of antenna 2 is common in rep-
tants and well developed in many carideans. It is
accompanied often by the possession of a strong
terminal spine (parallel to the scaphocerite) on
article 2 and usually a small mesiodistal spine on
article 3 (fig. 4a). Absence of the scaphocerite
and spines is assumed to be apomorphic (fig. 4j;
character 36). In the plesiomorphic state the
scaphocerite is much longer than wide (fig, 4b)
but its apomeorphic states include a reduced but
articulating acicle about as long as wide (figs 44,
k; state 1) or loss (fig. 4j; state 2). The character
was treated as ordered and unordered in alternate
analyses.

The mandibular incisor plestomorphically, i.e.
in outgroups and in mosi thalassinideans, has an
anterior truncate blade-like part and a posterior
toothed margin; the pair are symmetrical. Alter-
nate apomorphic states are toothed along all the
cutting edge (character 37) and asymmetrical
(character 38).

The scaphognathite (epipod of maxilla 2) of
reptants primitively has two lobes directed dis-
tally (or anteriorly) and proximaily (or posteriorly
into the branchial chamber). The latter lobe tapers
and is fringed with setae which are longer api-
cally. This is similar to the condition seen in
thalassinids and laomediids but in these two fam-
ilies the posterior setae are thickened. In some
thalassinidean families a long seta (or 2 setae in
rare cases) on an acute apex of the proximal lobe
extends the full length of the branchial cavity and
interacts with the pereopodal epipods (fig. 6a).
This was first recognised as a feature of axiids,
Callianidea and Thomassinia {de Saint Laurent,
1979a). The presence of the seta was used as a
defining character of the Callianideidae s.1. by
Kensley and Heard (1991) and so is treated here
as a synapomorphic state (character 39). The
number, position, length and fine structure of the
setae in Laomediidae and Thalassina suggest that
they are not homologous. In most families the
proximal lobe of the scaphognathite is shortened,
rounded, and evenly fringed with plumose setae;
this is treated as an apomorphy (fig. 6b;
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character 40). However, there is strong evidence
from the presence of a single long seta on the lar-
vae of anomurans (Van Dover et al., 1982) that
this may be a plesiomorphy.

The endopod of maxilliped 1 is 2-articled or
elongate in the plesiomorphic state (fig. 6¢) and
minute when apomorphic (character 41). Its exo-
pod is flagellate when plesiomorphic (fig. 6¢) and
l-articled and foliaceous when apomorphic
(character 42). Loss of the exopod is also apo-
morphic (character 43).

The plesiomorphic reptant maxilliped 3 endo-
pod is a linear limb with elongate distal articles,
with a well-developed crista dentata on the upper
face, and spines along the mesial edges of the
coxa-carpus (especially the merus) (fig. 6d).
There are several apomorphic conditions most of
which are frequently homeoplasic. As the prox-
imal articles of the maxillipedal endopod become
more operculiform in some callianassids the dis-
tal articles become more compact (fig. 6h; char-
acter 44). The exopod may become reduced or
absent (figs 6f—i, k; character 45). The crista den-
tata is primitively a strong toothed ridge (fig. 6d:
character 46) which may become a row of obso-
lete teeth or absent. Mesial spines on the merus
are plesiomorphic (figs 4d, ¢) and one spine is
common; absence-of spines is apomorphic (char-
acter 47). Not all genera are consistent in this fea-
ture and even in callianassids where the maxil-
liped is often operculiform isolated cases of meral
spines are recorded.

There is strong homeoplasy between and with-
in genera in the loss of spines and exopods and
as a consequence these are not considered of
great evolutionary significance.

Pereopods. Fusion of the basis and ischium of
all five pereopods is characteristic of all reptants
except Glypheidae and Astacidea (character 48).
A character state defining all Thalassinidea is the
possession of a dense row of long setae on the
lower basis-propodus margin of at least pereo-
pod 2 (fig. 5h; character 49). In some families
similar rows are well developed on other limbs
(e.g., pereopods 14 in Upogebiidae). The setae
are weaker on more posterior limbs in other fam-
ilies and the polarity of their development beyond
pereopod 2 is uncertain.

The plesiomorphic reptant carpus and propo-
dus of pereopod 1 are subcylindrical in cross-sec-
tion and there is progressive flattening through
the nephropids and thalassinideans. Flattening,
especially of the carpus, and development of
ridges on the upper and lower margins of both

articles facilitates overlap between the merus and
carpus when the leg is retracted and must help in
burrow maintenance (fig. 5b; character 50).
Articulation between the carpus and propodus of
the primitive reptant allows movement through
almost a right angle in a horizontal plane com-
plementing vertical movement at the ischium-
carpus joint; in all thalassinideans and hermit
crabs movement here is considerably restricted
(character 51). Equal chelipeds are plesiomor-
phic and unequal chelipeds apomorphic (charac-
ter 32) but this character seems homeoplasic.
Loss of spines from the lower margin of merus
is apomorphic (character 53). The chelate nature
of pereopod 1 is an apomorphic state shared with
many reptants (character 54). I agree with Ngoc-
Ho (1981) rather than de Saint Laurent and Le
Loeuff (1979) that the chelate form in upogebi-
ids is more plesiomorphic than the subchelate
form (figs 5e, f) but this makes no difference to
the character scores.

Although the first three pairs of pereopods of
Neoglyphea are essentially simple each limb has
an incipient thumb and it is easy to see how the
chelate limb seen in many reptant groups arose.
The Scyllaridea are the only other reptant group
without chelate limbs; most (Anomura and
Eubrachyura) have only the first pair of pere-
opods chelate; the Astacidea and Stenopodidea,
with the non-reptant Penaeidea, have three pairs
chelate; and the Eryonidea have four pairs chelate
(de Saint Laurent, 1979b). The Thalassinidea all
have a chelate or subchelate pereopod 1 but are
variable for pereopod 2. De Saint Laurent
(1979a) united the Axiidae, Callianassidae and
Callianideidae, in part, on the chelate nature of
pereopod 2 (fig. S5h). The most parsimonious
hypothesis is that this is derived from the simple
limb condition (character 55). Thalassinag has a
subchelate pereopod 2 but this is considered an
independent autapomorphy (fig. 1a). Martin and
Abele’s (1986) phylogenetic analysis of the
Anomura (including Thalassinidea) treated the
absence of a chelate pereopod 3 an apomorphy of
Thalassinidea, Upogebiidae and Laomediidae.
The character is considered plesiomorphic in this
analysis so does not feature here. Shortening of
the fixed finger relative to the dactylus of pereo-
pod 2 in Michelea, Callianidea and Tethisea is a
character state differentiating these genera from
the remaining thalassinideans (character 56). A
strong proximal lobe or ‘heel’ on the lower mar-
gin of the propedus of pereopod 3 (fig. 5n) is a
feature uniting the callianassid genera (de Saint
Laurent and Le Locuff, 1979: fig. 14). It is one
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of several characters uniting Anacalliax with the
Callianassidae (character 57).

The presence of spiniform setae on distal arti-
cles of pereopods 3 and 4 is a feature of some
thalassinidean genera but the homology and
polarity of this character-suite is uncertain (fig.
5j, k). I assurne that the acquisition of numerous
spiniform setae is correlated with cryptic behav-
iour and that they have become lost in some bur-
rowing forms. The numbers and position of spini-
form setae vary considerably espectally in the
Axiidae and few characters are scored, The pres-
ence of spiniform setae on the dactylus of pere-
opods 3 and 4 is treated as an apomorphy (char-
acter 58). Similar spiniform setae in Thalassina
and Laomedia are not considered homologous
because of slight difference in position. Many
axiid genera possess several rows of spiniform
setae on the propodi of persopods 3 and 4. Loss
of these on pereopod 3 (character 59) and pere-
opod 4 (character 60) are apomorphies. In
thomassiniids and callianideids a single spini-
form seta on the lower margin of the propodus of
pereopod 3 (fig. 5m; character 61) and of pereo-
pod 4 (character 62) are treated as characters
independent of the transverse rows of axiids and
micheleids.

An apomorphy of the burrowing tha-
lassinideans is broadening of pereopods 3 and 4
from a cylindrical to paddle shape (figs 5k—n;
character 63). Pereoped 5 is short and able to be
held closely posteriorly alongside abdominal
somite I in thomassiniids and callianassids (char-
acter 64).

Bady proportions. The ancestral reptant displays
the typical caridoid facies, that is, the abdomen
is strong and about as long as the cephalothorax,
and the tail fan slightly reflexed to facilitate the
reverse escape response. This body form is seen
in Neoglyphea, upogebiids, laomediids and axi-
ids (figs 1b, lc, 3a). Thalassina is specialised
only in having a narrow abdomen with narrow
uropods (fig. 1a). In the burrowing forms the
cephalothorax is a third or less of the total body
Iength rather than half (character 65) but there is
considerable variability. Elongation of the sec-
ond abdominal somite relative to the first is a fea-
ture of micheleids (figs 3b, ¢; character 66) but
there are some callianassid genera in which this
abdominal somite is elongate. General flattening
of the abdomen and loss of pleura accompanies
elongation. This is most evident in some cal-
lianassids where abdominal somite 6 is especial-

ly flat and the lateral margin is a well defined
setose ridge. Abdominal somites 3—5 or 3-6 are
ornamented with dorsolateral dense tufts of
plumose setae in some thalassinidean genera.
This character is confined to the infracrder but
polarity is uncertain (character 67).

Pleopods. Pleopods offer numerous characters
for an understanding of the phylogeny of the Tha-
lassinidea. The Callianassidae, with several gen-
era (de Saint Laurent, 197%a; Manning and
Felder, 1991, 1992; Manning, 1992; Rodrigues
and Manning 1992) possess similar pleopods 3--5
and sexually dimorphic and diverse pleopods 1
and 2 (character 68). The endopods 35 are thick-
ened, more or less triangular and, with the
extended peduncles, meet along a straight mesial
margin with their opposite pairs which are inter-
locked by means of appendices internae which
are often minute (fig. 8k). The exopods are
curved, foliaceous and envelope the endopods in
such a way that each of the three pleopod pairs
is a semicircular plate which could act as a ven-
tilator in a narrow burrow. This condition is a
synapomotphy for the family and is shared with
Anacalliax. In all other Thalassinidea pleopods
2--5 are more or less similar and not modified in
this way. The Calocarididae are also defined by
a synapomorphic condition of pleoped 2: the
endopod is not produced beyond the base of the
complex appendix interna as it is in Axiidae (fig.
8g; Kensley, 1989).

In Axiidae, Calocarididae and Callianassidae
subtle differences in the shape of the pleopods
are useful generic characters but only more gross
differences are usefu! at the family level.

The appendix interna on the inner margin of
the pleopodal endopods is a feature of Glyphei-
dae and all Thalassinidea except Thalassinidae,
Laomediidae and Upogebiidae. The homology
between curved hooks on male pleopod 1 and the
same hooks on the elongate appendix interna of
more posterior pleopods seems clear (Kensley,
1989). Because it was suspected that this might
be a symplesiomorphy the presence of an appen-
dix interna was not included in the analysis. A
trial incorporating it as an apomorphy did not
affect the resulting cladogram. Absence of the
curved hooks on the male pleopod 1 in genera
possessing an appendix interna on pleopods 2-35
is treated as an apomorphy (fig. 8d; character 69).
In the Axiidae and related groups the second arti-
cle of pleopod 1 is triangular (fig. 8d; character
70) with the minute hooks of the residual
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appendix interna on the mesial angle. In laomedi-
ids, upogebiids and callianassids the male pleo-
pod 1 is lost or minute (character 71).

The plesiomorphic appendix masculina is an
elongate setose structure diverging from the
appendix interna on male pleopod 2 (figs 8e, f).
There is no evidence of it in U/pogebia or Lao-
media (character 73) and in some thomassiniids
it is fused to the internal margin of the appendix
interna (fig. 8i; character 72).

The burrowing way of life has lead to the
development of auxiliary respiratory surfaces on
the margins of pleopods 2-5. These take the form
of marginal simple or branching cylindrical fila-
ments in Callianidea (fig. 8m) or as flat lamel-
lae in Michelea (fig. 80). In spite of fundamen-
tal differences between the appearance of the
auxiliary surfaces the first species of Michelea
were described as members of Callianidea. The
marginal extensions are not treated as homo-
logues as done by Kensley and Heard (1991) and
the characters are autapomorphies which do not
appear in this analysis. Treating the presence of
an auxiliary respiratory surface as a homologous
character state (adding one character) made no
difference 1o the cladogram. Two steps were
added, one for each genus, suggesting that the
filaments were independently derived.

Shape of the pleopodal rami may be useful at
a generic level within the Axiidae but the strong
lateral lobes (subtriangular shape) of exopods
2-5 of the micheletd genera link this group (fig.
81; character 74).

Tail fan. The most frequently encountered shape
for the uropodal rami is ovate (figs 7f, 1). Loss of
the exopodal suture seen in Neoglyphea and some
axiids is considered apomorphic (fig. 7g—j; char-
acter 75). A dorsal thickening of the setose
anterolateral margin of the uropodal exoped is a
callianassid character shared with Anacalliax
{fig. 7h; character 76); a notch on the margin of
the exopod in Mictaxius is not considered homol-
ogous. In Upogebia, Strahlaxius, Meticonaxius,
Marcusiaxius and Tethisea the distal margin of
the endopod is straight and ends lateraily in a def-
inite angle (figs 7g, j, k; character 77). In these
same genera the telson tends to be shorter than
wide.

Primitively the telson and uropods bear dorsal
spines often along the ribs (fig. 7f). Loss of spina-
tion is apomorphic (character 78).

In the primitive condition abdominal somite 6
carries a well developed epimeron produced ven-

trally to enclose the base of the pleopods; it has
a marginal row of setae. In the more advanced
thalassinideans the epimeron and its marginal
setae are lost and the area is receptive to the hor-
izontal folding forward of the tail fan (character
79).

Setal-rows. Setal-rows characterise many tha-
lassinidean genera and are much more wide-
spread systematically and morphologically than
previously appreciated. Setal-rows were defined
by (Kensley and Heard, 1991: figs 1, 2) as tight
rows of short plumose setae, each seta in a pit-
like structure. They occur in several places:

a longitudinal row near the rostral carina (if
present);

one, two or three vertical rows on the antero-
lateral cephalothorax: marginally, at the base of
the eyestalk; an intermediate row; and a row near
the cervical groove (fig. 61);

dorsolateral row on abdominal somite 1;

lateral row on atl or some of abdominal somites
2-5;

three rows, a longitudinal row on the margin of
the pleuron, a transverse row along the posterior
dorsolateral margin, and an obligque row in
between, on abdominal somite 6;

short transverse row on the mesial face of the
propodus of pereopod 2;

one or two rows on the mesial face of the
propodus of pereopods 3 and 4 (figs 3k, 1).

No species has all setal-rows. For this reason [
treat them as 14 independent characters in which
the apomorphic state is acquisition of the setal-
rows. Table 1 explains the plesiomorphic and
apomorphic states assumed (characters 80 to 93).

Results
The cladogram (ordered characters)

The matrix of 27 taxa by 93 characters was treat-
ed to phylogenetic analysis in the program HEN-
NIGR86 version 1.5 using the mhennig® and bb¥
(extended branch-swapping) options to find the
most parsimonious trees. The results were con-
firmed using the global and mulpars multiple
branch-swapping options in PAUP 2.4, In the
first analysis all characters were treated as
ordered.

Four equally short trees of 240 steps, with con-
sistency and retention indices {ci and ri) of 41
and 75 respectively, were obtained. Only two
clades, each of three genera, could not be fully
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dichotomously resolved. These were the genera
of the Thomassiniidae and the three more
advanced of the four genera of Micheleidae.
These became resolved after successive weight-
ing of the characters once with the xs w option in
HENNIGEG to give a single fully dichotomous
cladogram of the same length as the original four
and with ci and 1i of 63 and 87 respectively.

Weighting had the effect of removing nine
characters, most of which reached their derived
state independently in two or more genera or in
small clades, and which would not intuitively be
expected to define major taxa. Twenty-four char-
acters (26%) retained ci and ri equal to 100 and
are marked with * in Table 1. A further 31 char-
acters (31%) had ci equal to 50, that is, changed
from the plesiomorphic to apomorphic state only
twice or reversed once.

The transformation series, apomorphic changes
at all nodes of the cladogram, were investigated
using the apolist option in PAUP 2.4 and with
the program CLADOS. Ninety per cent of all
steps in the cladogram were coincident in both
transformation series but for 19 characters the
nodes at which transformations took place were
ambivalent. These were revealed with the xs A
option in HENNIGE6. The implication of this is
that the state of 19 characters (in parentheses in
Table 1) at some nodes was uncertain and they
could not be used with certainty in defining supra-
generic taxa. They are not included on fig. 9.

Character changes defining the clades and
higher taxa

The cladogram derived using ordered charac-
ters resulted in several major clades for which
taxonomic status exists or is proposed and which
are discussed in detail. Clades are numbered as
in fig. 9.

The Anomura and Thalassinidea (clade 51)
share several apomorphies: possession of a linea
thalassinica or linea anomurica (if considered
homologous); free thoracic sternite 8; gill ele-
ments paired transversely along rachis; absence
of podobranch 7; chelate or subchelate pereopod
1; and fused pereopodal basis—ischium. The
cladogram suggests that the similar structure of
the carpus—propodus joint of pereopod 1 may
also be synapomorphic but convergence in tha-
lassinideans and hermit crabs may be more prob-
able. It is also hypothesised that the absence of a
suture on the uropodal exopod is also a synapo-
morphy but this demands that the condition be
reversed in some axiids and in Laomediidae.

Independent derivations of a linea thalassinica
in non-axioid Thalassinidea and a linea anomuri-
ca in Anomura involve the same number of steps,
two, as a single homologous structure lost in the
axipids. Parsimony criteria cannot resolve this
argument. Until it can be convincingly shown
that there are fundamental structural differences
between the linea anomurica and thalassinica
which would support their independent evolu-
tion, I must assume their homology.

The synapomorphies of the Anomura (clade
29} are given in fig. 9 but are incomplete because
this group was only an outgroup for this analy-
sis. All are paralleled in the Thalassinidea.

The Thalassinidea (clade 50) share only a sin-
gle synapomorphy which is never reversed, that
15, a row of setac on the lower margin of ischi-
um-—propodus of pereopod 2. Other character
changes are reversed in some genera or families:
posterior margin of carapace with strong lateral
lobes (lost in callianassoids); thoracic sternite 7,
episternites contiguous posteriorly and flattened;
and pleurobranchs absent (present in michelei-
ds, some axiids and some upogebiids). A chelate
pereopod 2 is a possible synapomorphy reversed
partly in Thalassinidae and fully in Upogebiidae
and Laomediidae.

Of the three clades here treated as superfami-
lies two, Thalassinoidea and Callianassoidea, are
sister taxa (clade 49). Three clear character states
define this clade: absence of medial rostral cari-
na, reduced scaphocerite, and unarmed telson,

The first superfamily, Thalassinoidea, is rep-
resented by a single family and genus defined by
numerous autapomorphies not included in this
analysis and others which are convergent in other
taxa: lateral ocular ridges on the rostrum; failure
of the anterolateral margin of abdominal somite
2 to overlap somite 1; flattened coxa 4. The irreg-
ular and unique gill elements is a reversal.

The second superfamily, Callianassoidea
(clade 48), is defined by one unquesticnable
synapomorphy: posterior margin of carapace soft
and without ridges. Others are ambivalent. The
reduced rostrum, unarmed and obtusely triangu-
lar (sometimes spike-like) and without lateral
carinae, is seen in all families except Upogebi-
idae and may be independently derived in
Laomediidae and the others {clade 46). Howev-
er, the upogebiid rostrum is unique, not very sim-
ilar to that of the axicids or of the thalassinids
and may be an autapomorphy. Reduction or
absence of the male pleopod 1 is a possible
synapomorphy but this requires a reversal in
Laomediidae. :
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The Callianassoidea comprise six groups at
family level of which the Laomediidae and
Upogebiidae are the least derived. Laomediidae
are characterised by: thoracic sternite 7, epister-
nites diverging posteriorly (reversal); podo-
branchs 3--7 present (reversal); absence of a
meral spine on maxilliped 3; and uropodal exo-
pod with a transverse suture.

Upogebiidae share numerous autapomorphies
and, among the characters discussed here: the
broad rostrum; appendix masculina absent; and
uropodal endopod distally truncate.

The remaining callianassoids group strongly
in successive clades 47 and 46. Clade 47 is
defined by absence of anterolateral lobes on
abdominal somite 1, reduction of epipods and
podobranchs, and other character states which
may be reversals. Clade 46 shares seven unam-
bivalent character steps: coxa 4 flattened, with
anteromesial lobe; eyestalk flattened; pereopod 1,
carpus—propodus flattened, unequal; perecopods
3 and 4, propodus flattened; male pleopod 1,
appendix interna absent; and abdominal somite 6
epimercen not ventrally produced. The derivation
of a chelate pereopod 2 seems probable at this
point.

Clade 46 supports two pairs of families:
Ctenochelidae + Callianassidae (clade 42) and
Callianideidae + Micheleidae (clade 38).

Ctenochelidae plus Callianassidae (clade 42)
share: abdominal somite 1, tergite anterior to
anterolateral lobes flexible; absence of epipod 3;
and shortened cephalothorax. The three
ctenochelid genera cluster paraphyletically and
share only a cardiac prominence, a feature also
seen in Anacalliox which has more callianassid
characters.

Callianassidae (clade 39) are a well defined
family which share: pereopod 3 propodus
uniquely with heel on proximal corner of lower
margin; pleopods 1 and 2 sexually modified, 3-5
uniquely similar and lamellar; male pleopod 2,
appendix masculina absent; and uropodal exo-
pod with unique anterodorsal setose thickening.

Callianideidae and Thomassiniidae (clade 38)
are united on: coxa 4 immobile and with condyle
obsolete; maxilla 2 scaphognathite with a long
seta; pereopod I, merus uniquely with convex
lower margin; and pereopods 3 and 4, propodus
uniquely with 1 spiniform seta distally on lower
margin. The derivation of setal-rows on pere-
opods 2—4 and abdominal somites 1 and 6 may
link these two families but they may have been
derived independently in individual genera.

The Callianideidae, comprising only Callian-

idea, are defined most clearly on the autapomor-
phy of marginal pleopodal filaments. The most
significant characters in the analysis are: loss of
the condyle and overlap between abdominal
somites 1 and 2; and loss of appendix masculina.
Callianidea typa is the only callianassoid in
which the linea thalassinica is completely absent
and so resembles an axioid, but its presence in
C. laevicauda reinforces the callianassoid affini-
ties of the genus.

Clade 37 links the three genera of the
Thomassiniidae which share three consistent
characters: linea thalassinica displaced dorsally,
ocular lobe substituted by branchiostegal scle-
rite; mid-dorsal tergite of abdominal somite 1
anteriorly depressed; and midanterior region of
thoracic sternite 7 flattened and broadened (coxae
secondarily separate). Other character states
defining the family are: maxilliped 3 ischi-
um—merus at least slightly broadened,
carpus—dactylus compact {(shorter than ischi-
um—merus); its exopod reduced or absent; with-
out crista dentata or meral spine; pereopod 5
short, compact and fitting into side of abdomi-
nal somite 1; carapace with at least one vertical
setal-row; and abdominal somite 6 with one setal-
Tow.

The relationships between the three
thomassiniid genera were resolved by the clado-
gram only after character weighting.

The third superfamily, Axioidea (clade 45}, is
uniquely characterised by absence of the linea
thalassinica. Although it may be argued that the
axioids are not part of the anomuran-tha-
lassinidean line on the grounds that there is no
linea, there are so many other shared characters
of gills, sternites and percopods that this seems
improbable. Other apomorphies of this group are:
antenna 1 with article 3 only as long as article 2;
and maxilla 2 scaphognathite with a long seta.

Five family-level clades are recognised with-
in the Axioidea.

The first is Calocarididae (clade 8) which are
best defined on the autapomorphic structure of
the second male pleopods (Kensley, 1989). Con-
tinved recognition as a separate family is based
on not sharing the synapomorphies of the Axi-
idae.

Remaining axioids (clade 44) share vestigial
or absent podobranch 2, possibly loss or arthro-
branch 2, and abdominal somite 6 with a setal
row. These divide into Axitdae s.s. (clade 43) and
Strahlaxiidae + Micheleidae (clade 35).

Two apomorphies define clade 43 containing
the four genera of Axiidae: pereopods 3 and 4,
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dactylus and pereopod 4, propodus with spini-
form setae. Review of the literature supports the
fact that spiniform setae are variously developed
throughout the family and that the character is an
axiid synapomorphy. These two characters are
shared with Micheleq (Micheleidae) but not with
other axjcids. Because so few axiid genera were
included, the relationships between them are not
explored.

Strahlaxiidae and Micheleidae (clade 35) are
particularly strongly linked and two character
states are unique: abdominal somite 2 is more
than twice as long as abdominal somite 1; and
the exopod of pleopods 2-5 is laterally lobed.
Other important characters are: coxa 4 flattened,
with anteromesial 1obe; pereopods 3 and 4,
propodus flattened (less than twice as fong as
wide); uropodal endopod distally truncate, dis-
tolateral margin subacute; and pereopods 2—4 and
abdominal somites 1-6 with setal-rows.

Strahlaxiidae (clade 13) share: abdominal
somites 3—5 with dense tufts of lateral setae
(although this may be a plesiomorphic condition
appearing irregularly in the Thalassinidea); male
pleopod 1 without appendix interna; and appen-
dix masculina absent. The three genera placed in
this family share a bifid apex on the rostrum and
rugose gastric region of the cephalothorax.

The four genera comprising the Micheleidae
{clade 34} are characterised by four unique
synapomorphies, seven other synapomorphies
and one reversal. The unique synapomorphies
are: antenna 1, article 1 elongate and waisted;
mandibular incisor asymmetrical; longitudinal
carinal setal-row; and 2-3 carapace vertical setal-
rows. Other important characters are: rostrum
unarmed; pereopod 1, carpus-propodus flattened;
cephalothorax less than one third body length;
and telson and uropod unarmed. The reversal is
the presence of pleurobranchs 5-7 (or at least 7).

Tethisea is the most primitive of the michelei-
ds; the rest (clade 33) share five synapomorphies
of which a second setal-row on pereopods 3 and
4 is unique. Michelea is characterised by 16 char-
acter changes among the suite listed here (notably
absence of rostrum) but the most significant
defining character is its marginal pleopodal
lamellae. The relationships between Michelea,
Marcusiaxius and Meticonaxius were resolved
in the cladogram only after character weighting.

An alternate cladogram (unordered charafers)

An alternate analysis was run with multistate
characters 27, 29, 30, 31 and 36 unordered. Char-
acters 27-31 deal with the numbers of epipods

and branchiae and 36 with the scaphocerite. Mak-
ing them unordered means that a change from
any one state to any other is treated as one step,
equal to a change between sequential states. The
alternate analysis resulted in four equally parsi-
monious trees of 234 steps (ci =42, ri = 75}
which were fully resolved with successive
weighting.

This differed from the one obtained using
unordered characters, in: 1, being 6 steps short-
er; 2, the relationships between the major clades;
and 3, relationships between the thomassiniid
genera. The shorter length was accounted for in
the epipods (character 27 four steps shorter) and
branchiae (characters 29-31 each one step short-
er). Character 36 was one step longer. This clado-
gram suggested that Thalassina is the sister taxon
to Axioidea rather than Callianassocidea, How-
ever, the supposed synapomorphies of Thalassi-
na and Axioidea are largely ambivalent charac-
ters. The only unique synapomorphies are the
chelate pereopod 2 and triangular male pleopod
1. The chelate perecpod 2 is of doubtful homol-
ogy and occurs in higher Callianassoidea also.
The same may be said of the second character.
The rearrangement of the thomassiniid genera
was obtained only after successive weighting and
rernains questionable.

Ambivalent characters

Typically, ambivalent characters are explained
by the inability of the phylogenetic programs to
choose between one apomorphic step and one
reversal, on the one hand, and two independent
apomorphic steps, on the other. Both contribute
two steps to tree length. Independent steps, which
imply that these characters are non-homelogous,
is the commonsense interpretation for many. Oth-
ers are more difficult to interpret. Character 3,
for example, the flattened and shortened rostrum
could have evolved independently in the
Laomediidae and the non-upogebiid callianas-
soids, or been derived once in the Callianas-
soidea. In the latter case the upogebiid rostrum is
anew character, and its specialised structure sug-
gests this may be possible. A chelate pereopod 2
is another character about which the analysis was
doubtful. Assuming it is apomorphic, which itself
is uncertain, this character state could have arisen
independently in Axioidea and advanced Cal-
lianassoidea, or have been lost in laomediids and
upogehiids independently. The former is the
more likely scenario since the condition in Tha-
lassing is quite different from in other tha-
lassinideans.
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A new classification of the Thalassinidea

The generally high values of ci and ri give con-
siderable confidence in the structure of the clado-
grams and it is used to hypothesise a classifica-
tion as follows (clade numbers in fig. 9 in

Infraorder Anomura (29)
Infraorder Thalassinidea (51)

brackets). The alternate cladograms derived
using ordered and unordered characters differ
only in the relationships of the superfamilies and
genera in one family, neither discrepancy affect-
ing the classification.

Superfamily Thalassinoidea Dana, 1852 (6)
Family Thalassinidae Dana, 1852 (6)

Superfamily Callianassoidea Dana, 1852 (48)
Family Laomediidae Borradaile, 1903 (7)
Family Upogebiidae Borradaile, 1903 (21)
Family Callianideidae Kossmann, 1880 (22)
Family Thomassiniidae de Saint Laurent, 1979%a (37)
Family Ctenochelidae Manning and Felder, 1991 (42, 41, 40)
Family Callianassidae Dana, 1852 (39)

Superfamily Axioidea Huxley, 1879 (45)

Family Calocarididae Ortmann, 1891 (8)
Family Axiidae Huxley, 1879 (43)
Family Strahlaxiidae fam. nov. (13)
Family Micheleidae Sakai, 1992a (34)

The significant taxonomic changes proposed
are:

1. Definition of the Thalassinidea as a mono-
phyletic taxon distinct from the Anomura;

2. Division of the Thalassinidea into three
monophyletic superfamilies;

3. Restriction of the Callianideidae to its type
genus.

4. Confirmation and definition of the family
groups Thomassiniidae and Micheleidae (incor-
porating Meticonaxiinae Sakai, 1992b).

5. Recognition of the Ctenochelidae as a para-
phyletic family;

6. Erection of a new family, Strahlaxiidae.

Discussion

Although as many as 18 family-group taxa
have been proposed for the Thalassinidea, their
relationships are disputed. Discussion in the lit-
erature mostly concerns the similarities or dif-
ferences between only two taxa (Callianassidae
and Upogebiidae in particular). Few contribu-
tions have offered data on three or more taxa
(necessary to resolve trees) and only recently
have plestomorphic and apomorphic similarities
been distinguished.

The first synthetic work was that of Borradaile

(1903} who recognised only four families: Axi-
idae, Laomediidae, Thalassinidae and Callianas-
sidae. Most of the 23 genera and subgenera
defined by him are still valid, the greatest diver-
gences from present nomenclature being in the
Callianassidae. Borradaile’s tree of ‘genealogical
relations’ is similar to that derived from my
analysis; in fact, its basic dichotomies are iden-
tical. The tree and his key define one clade con-
taining Calocaris and other axiid genera, and a
second clade which splits off the Laomediidae,
Thalassinidae, Upogebiidae, Callianideidae and
Callianassidae in torn (as in my most parsimo-
nious cladogram). The congruence between Bor-
radaile’s and my trees is remarkable especially
given the greater mumnber of taxa and characters
used by me.

Borradaile’s tree of generic and family rela-
tionships has not always been accepted.

Gurney (1938) tackled the problem of tha-
lassinidean relationships by examining larval
characters. He concluded that larval characters
commeon to all thalassinideans are shared with
the lobster Homarus but that the group is not
homogenous. He recognised “two series of gen-
era which might be regarded as Homarine and
Anoemuran respectively”. In his tree the anomu-
ran group {Upogebiidae and Laomediidae) are
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more closely related to the Anomura than to the
homarine group (Axiidae and Callianassidae).
Five larval characters were used to separate the
two groups and some adult characters added to
distinguish the Callianassidae and Upogebiidae.
Much of his argument is taken up with the dif-
ferences just between these last two families
about which there is no dispute; only the affini-
ties of Upogebiidae and Laomediidae to Anomu-
ra are relevant to thalassinidean phylogeny.
Whether these characters are synapomorphies or
shared plesiomorphies was not debated by Gur-
ney and by his own admission the ‘character . . .
on which the greatest stress has been laid as evi-
dence of relation to Anomura . . . is disputable’.
Gurney’s (1938) tree of affinities, which is very
different from that proposed here, was criticised
by Konishi (1989) on the basis of data from lar-
vae of more families.

Gurney’s tree of relationships proposes that the
Thalassinidea are not monophyletic, rather, that
the Axiidae + Callianassidae are the sister-group
to the Anomura + Upogebiidae + Laomediidae.
Such an arrangement presumes, as in my hypoth-
esis, that the linea (thalassinica or anomurica) is
homologous and was lost in the Axiidae. It
assumes that the characters shared by Upogebi-
idae and Callianassidae arose independently:
anterolateral lobes on abdominal somite 1 lost;
reduction of epipods and podobranchs; and that
the upogebiid rostrum is a unique apomorphy.

De Saint Laurent {1973) supported the differ-
ences between Callianassidae and Upogebiidae
by raising the latter to full family rank but her
grouping of the Callianideinae into Callianassi-
dae was provisional. She too appeared to suspect
that the callianassids have some axiid affinities
but then offered no new evidence. She was
uncertain about the affinities of the Upogebiidae
but suspected they are close to Thalassinidae and
Laomediidae, which is the case in my hypothet-
ical tree.

De Saint Laurent (19794, and in less detail in
1979b and in de Saint Laurent and Le Loeuff,
1979) grouped the Axiidae, Callianassidae and
Callianideidae, in a superfamily, Axioidea, (or
section Axiidea) which was defined as follows:
reptant decapods with the cpistome partially
exposed, without a thelycum in the female, with
pereopods 1-5 having the basis and ischium
fused, with pereopods 1 and 2 chelate, pereopod
3 simple, pereopod 4 simple or subchelate, pere-
opod 5 chelate or subchelate, pleopods usually
with an appendix interna, and maxilliped 1
always with a foliaceous epipod (my translation).

Several of these characters are true for alf tha-
lassinideans but the ‘axioid’ families as defined
by de Saint Laurent (1979a) were said to differ
from all others (Upogebiidae, Laomediidae and
Thalassinidae) in the shape of the anterior region
of the carapace, structure of the limbs and in laz-
val morphology.

The peculiarities of the anterior margin of the
carapace of ‘axioids’ were not defined. The most
significant feature of the limbs distinguishing this
superfamily group is that pereopod 2 is fully
chelate, a condition never seen in other tha-
lassinideans and is the only apomorphy shared,
My analysis would suggest that chelate pere-
opods 2 have arisen independently in Callianas-
sidae + Ctenochelidae (+ Thalassinidae) and
Axioidea. Given the frequency of chelate limbs
in the decapods this would not be a surprise.

Larval characters uniting the superfamily were
listed by Gurney (1938) but plesiomorphic and
apomorphic similarities of axiids and callianas-
sids were not distinguished by him nor by sub-
sequent authors. Because larvae of so few species
are known with certainty, such characters cannot
be easily investigated (Konishi, 1989). He tabu-
lated the main zoeal characters of the Axiidae,
Callianassidae, Upogebiidae, Thalassinidae and
Laomediidae. He did not attempt to define rela-
tionships beyond stating his belief that the Axi-
idae are “most primitive and plesiomorphic in
general feature” and that the upogebiids and
laomediids are not grouped as in Gurney’s (1938)
scheme.

De Saint Laurent (1979b; reiterated in de Saint
Laurent and Le Loeuff, 1979) ranked the Upoge-
biidae in a distinct section of Thalassinidea,
Gebiidea, with Laomediidae and Thalassinidae.
This was mainly on the basis of a simple
pereoped 2 and convergence of habitus from a
fossorial way of life. She noted the similarity of
upogebiid larvae to those of ‘Dromiacea’ and
the special ‘trachelifer’ larvae of laomediids
without seeming to support Gurney’s anomuran
line.

De Saint Laurent’s classification is not sup-
ported by parsimony criteria. Rearrangement of
clades in my cladogram according to her scheme
added 11 steps to the shortest tree. Significant
homeoplasies added were: loss of posterolateral
lobes on the carapace three times, in Thalassina,
Laomedia and in Axioidea; loss of anterolateral
lobes on abdominal somite | twice, in Upogebia
and most callianassoids; loss of scaphocerite in
two major clades; loss of podobranchs 3—6 twice,
in Upogebia and higher callianassoids; and loss
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or armature on telson and uropod twice.

Nzoc-He (1981) demonstrated that the larvae
of Laomediidae and of Upogebiidae could be
divided into subgroups and discussed similari-
ties between them and with adult Glypheidae.
Her discussion did not offer an opinion on the
position of these two families relative to other
thalassinideans.

The first cladistic analysis of the Thalassinidea
was that of Martin and Abele (1986) who used 54
characters in an analysis of 20 taxa in the
‘Anomura’. The monophyly of their group of five
thalassinidean families and of de Saint Laurent’s
(1979a) superfamily was not supported by the
most parsimonious cladogram but they conclud-
ed that the Thalassinidea could be recognised in
a slightly longer tree.

Martin and Abele (1986) defined the Tha-
lassinidea on the basis of two apomorphies:
absence of pleurobranchs on thoracic somites
5-7; and possession of fewer than 14 pairs of
gills (podobranchs excluded). Neither of these
conditions is in fact the most plesiomorphic state
found in thalassinideans. They did not recognise
the presence of a linea thalassinica, which might
be thought to be diagnostic of the taxon, as an
apomorphy but rather as a more plesiomorphic
condition of the linea anomurica.

Their division of the families was first into
Laomedtidae + Axiidae which share reduced
male pleopods and phyllobranchiate gills, both
states which are widespread in other tha-
lassinidean families. The second major clade,
Thalassinidae + Upogebiidae + Callianassidae,
shared uropodal ramt without sutures. The first
two of these were said to share a subchelate first
pereopod. This is not so for most upogebiids and
is probably not homologous in the two families.
It is not surprising that with only four characters
effectively distinguishing the families their tree
is different from that presented here.

Kensley and Heard (1991} presented a cladis-
tic analysis using PAUP of the Callianideidae,
defined a priori as a family of 18 species in seven
genera, united by the possession of rows of spe-
cial plumose setae on the carapace, some abdom-
inal somites, and the propoedi of pereopods 2-4.
Their analysis used Axiidae, Laomediidae and
Callianassidae as outgroups; 21 characters were
used. Their most parsimonious result (18 34-step
trees which I have calculated from their data) did
not resolve the relationships between Callianas-
sa, Crosniera, Mictaxius and Thomassinia,
demonstrated that these four together were the
sister-group of Callianidea, and showed that all

five were isolated from Michelea, Marcusiaxius
and Meticonaxius. This result has some similar-
ity to my phylogeny in that Callianideidae,
Micheleidae and possibly Thomassiniidae appear
monophyletic. The tree was dismissed by Kens-
ley and Heard because ‘the ingroup could not be
rooted as monophyletic’. On the contrary, it
demonstrates that on the basis of this small data-
set the ‘Callianideidae’ s.1. are not monophylet-
ic. In spite of this evidence Kensley and Heard
(1991) insisted on the monophyly of their seven
genera and removed Callianassa from the analy-
sis. One effect of this was to reduce the number
of informative characters to only 15. My calcu-~
lation from their data produced two unresolved
trees of 23 steps and I was not able to reproduce
their cladograms (1991: fig. 25). However, some
synapomorphies of each of the Callianideidae
(s.s.), Micheleidae and Thomassiniidae are
shown in spite of their interrelationships being
misleading.

Kensley and Heard’s (1991) revision and phy-
logenetic analysis of genera was accepted by
Sakai (1992a) who recognised the callianassid
affinities of the Thomassiniidae and the. axiid
affinities of the others. His ‘cladogram’ (Sakai,
1992a: fig. 1) was constructed in an unconven-
tional manner in order to illustrate these affinities
and is not based on phylogenetic principles. His
opinion that the Thalassinidae are more closely
related to the Callianideidae than to other fami-
lies is not supported here. He noted that both
groups have setal pits but their structure and posi-
tions differ.

There are two views of the relationship of the
Calocarididae to the Axiidae. Sakai and de Saint
Laurent {(1989) and Sakai (1992b) did not recog-
nise the family as distinct but Kensley’s (1989)
hypothetical scheme used three synapomorphies
to separate its four genera from the Axiidae. My
phylogeny supports this result and goes further in
suggesting some synapomorphies for the other
axiid-like genera.

The Strahlaxiidae have not been recognised as
distinct before. Strahlaxius is a sister-group of
the Micheleidae and the two families share sev-
eral synapomorphies. It is their separation from
the Axiidae which enables the new family to be
recognised.

My analysis was not detailed enough to support
or deny Manning and Felder’s (1991) revision of
the Callianassidae and introduction of the
Ctenochelidae, For the time being, Ctenocheli-
dae are recognised as a paraphyletic taxon. Its
original diagnosis includes only two synapo-
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morphies, a cardiac prominence and a uropodal  basis and ischium fused; with pereopod 1 chelate

exopod notch, neither present in all genera. and carpus-propodus atticulation slight, pereo-
o pod 2 chelate or simple; always with dense row
THALASSINIDEA Latreille of long setae on lower margin; pereopod 3 sim-

) ple; pereopod 4 simple or subchelate; pereopod
Diagnosis. Reptant decapods without a thelycum 5 chelate or subchelate; without arthrobranch on
in the female; with pereopods 1-5 having the  thoracomere 1.

Key to superfamilies and families of Thalassinidea

1. Linea thalassinica absent; antenna 1 with article 3 about as long as article
2{HZ AA) o Axioidea. .. .. 2

— Linea thalassinica present at least anteriorly (figs 4j, I-n) (if absent, with
Hattened eyestalks and cylindrical pleopodal marginal filaments (fig. 4k)),
antenna 1 with article 3 usually longer than 2 .......coccooevviceiiiicvieine.

2. Pleopod 2 endopod simple, with terminal enlarged appendix mascuhna
{fig. 8g); eye unpigmented; uropod exopod usually with suture ..................
................................................................................................. Calocarididae

o Pleopod 2 endopod foliaceous w1th small appendix masculina attached
mesially (figs 8e, 1); eye usually pigmented; uropod exopod usually with-
OUL SULUTE .vuriuiecricicintsieeniisiete sttt st nie et e e e ee e saa s eaeneesaanbaene e s essereraes 3
3. Abdominal somite 2 less than twice as long as §; exopods of pleopods 2-5 1
not laterally lobed (fig. 8e); pleuren of abdominal somite 1 produced; coxa
of pereopod 4 more or less cylindrical; propodus of pereopods 3 and 4
more or less linear; uropodal endopod ovate (fig. 7f); pereopods 2—4 and
abdominal somites without setal-rows ..........cccovievecieecniecicrenns Axiidae
— Abdominal somite 2 twice as long as }; exopods of pleopods 2-5 lateral- |
ly lobed (fig. 81); pleuron of abdominal somite 1 not produced; coxa of
pereopod 4 flattened; propodus of pereopods 3 and 4 more or less flattened
(figs 5k, 1); uropodal endopod triangular or ovate (fig. 7g); some of pere-
opods 24 (figs 5k, 1} and abdominal somites with setal-rows ................ 4
4, Rostrum spinose, apically bifid (fig. 4d); longitudinal and vertical setal-
rows on carapace absent; antenna 1, article 1 as long as 2; mandibular
incisor toothed and symmetrical; epipods and podobranchs reduced
POSEETIOTLY ...coe e eres Strahlaxiidae
— Rostrum not spinose; longitudinal and vertical setal-rows on carapace pre-
sent; antenna 1, article 1 longer than 2 (figs 4f, h); mandibular incisor not
toothed and asymmetrical; epipods and podobranchs rarely reduced
POSTEIIOLLY ..ot Micheleidae
5. Uropodal rami linear; gill elements irregular, filamentous proximally and
plate-like distally (fig. 6m); rostrum spinose, DAITOW ..o.occverrvsrererereneenn.
.............................................................................................. Thalassinoidea
[1 family: Thalassinidae; 1 genus: Thalassina (fig. 1a). See Poore and Grif-
tin, 1979 and Dworschak, 1992 for separation of the species]
— Uropodal rami lamellate; gill elements regularly paired, lamellate (fig. 60);
rostrum flat or obsolete ... Callianassoidea. . . 6
6. Posterior margin of carapace with lateral lobes (fig. 1b); abdominal somite
1 with anterolateral lobe; maxilla 2 scaphognathite with several fong setae
ON POSEETIOT IODE ..o ees e e ers e Laomediidae
s Posterior margin of carapace evenly curved (fig. 2¢); abdominal somite 1
without anterolateral lobes; maxilla 2 scaphognathite with 1 or without
long seta on PoStErior 1oDe ........ccciiciiiirress e 7
7. Pereopods 1 equal; pereopod 2 simple (fig. 51); rostrum usually broad and
setose (figs 4n—1); evestalks cylindrical; coxa of pereopod 4 cylindrical........
................................................................................................ Upogebiidae
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Pereopods 1 unequal, rarely equal; pereopod 2 chelate (fig. 4h); rostrum
obsolete; eyestalks flattened (figs 4i—-m); coxa of perecpod 4 flattened (figs
8B, €} irerenrersire ettt ee bRt e 8
Maxilla 2 scaphognathite with long posterior seta (fig. 6a); pereopod 1
merus with convex lower margin; pereopod 3 (and sometimes 4) propodus
with single distal spiniform seta on lower margin (fig. Sm); pereopods 2--4
and abdominal somites usually with setal-rows (figs 5k, 1); abdominal
somite 1 strongly chitinised anteriorly; cephalothorax half as long as total
length; coxa of pereopod 4 IMMOBILE ..o 9
Maxilla 2 scaphognathite without long posterior seta (fig. 6b); pereopod 1
merus with straight or spinous lower margin; pereopod 3 propodus with-
out distal spiniform seta on lower margin; pereopods 2—4 and abdominal
somites without setal-rows; abdominal somite 1 weakly chitinised anteri-
orly; cephalothorax third as long as total length; coxa of pereopod 4 mobile

Linea thalassinica absent or short; pleopods with marginal filaments (fig.
8n); abdominal somite I with anterodorsal dome (fig. 2a); thoracic stern-
ite 7 narrow (Fig. 8C Yeovivirivnreeee et Callianideidae
11 genus: Callianidea (fig. 2a), 2 described species]

Linea thalassinica present lateral to eyestalks (figs 41, j); pleopods without
marginal filaments; abdominal somite 1 anteriorly depressed (fig. 2b); tho-
racic sternite 7 broad, coxae 4 separate ... .. Thomassiniidae
Pleopod 2 similar to pleopods 3-5, rami lanceolate pereopod 3 propodus
linear or weakly ovate; uropodal exopod simply ovate ...................
............................................................................................... Ctenochelidae
Pleoped 2 reduced, sexually modified; pleopods 3—5 with broad interact-
ing rami (figs 8j, k); pereopod 3 propodus with proximal heel on lower
margin {fig. 3n); vropodal exopod with secondary setose lobe (fig. 7h)

AXTOIDEA Huxley
not Axioidea sensu de Saint Laurent, 197%a: 1395.

Diagnosis. Thalassinidea. Posterior margin of
carapace with lateral lobes; finea thalassinica
absent; pleuron of abdominal somite 1 more or
less produced; eyestalks cylindrical; antenna 1
with article 3 about as long as article 2; maxilla
2 scaphognathite with 1-2 long setae on posteri-
or margin; gill elements paired; pereopod 2
chelate; pleopods with appendix interna; pleo-
pod 2 similar to pleopods 3-5; uropodal rami
lamellate.

........................................... Callianassidae

Axiidae Huxley

Diagnosis. Axioidea. Rostrum usually spinose,
apically acute; eye usually pigmented; pleuron
of abdominal somite 1 produced; abdominal
; somite 2 less than twice as fong as B; propodus
of pereopods 3 and 4 linear or broadened; coxa
of pereopod 4 more or less cylindrical; male pleo-
pod 2 endopod foliaceous with small appendix
masculina attached mesially, exopods of
pleopods 2-5 not laterally lobed; wropodal endo-
pod ovate; pereopods 2—-4 without setal-rows,
abdominal somite 6 with longitudinal setal-row.

Key to genera of Axiidae

The most recent key to the genera of this family (Sakai and de Saint Laurent, 1989)
did not take into account the removal of genera to Calocarididae or the new fami-

ly, Strahlaxiidae. The manuscript was published independently by

K. Sakai and

contains many errors (M. de Saint Laurent, pers. comm.). I am extremely grateful
to M. de Saint Laurent for pointing out and cotrecting the errors; these improve-
ments have been incorporated in this revised but pragmatic key. Nevertheless, many
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species still do not fit well with existing generic diagnoses and a reappraisal of the
family is needed. Couplet 1 can be difficult if the uropodal exopod suture is obscure.
If in doubt try the unusual genera leading from the first alternate before going to

couplet 5.

1. Uropodal exopod without transverse suture (or suture obscure) ................ 2

— Uropodal exopod with transverse suture (fig. 7a) (sometimes without)
.................................................................................................................... 5

2. Eyes weakly or not pigmented (rarely fully pigmented); rostrum level with
Carapace (f1g. 4a) ..ot 3

— Eyes fully pigmented; rostrum significantly depressed below level of cara-
pace (fig. 4c) ... .4

3. Pereopods 1 equal fixed ﬁnger short pleura of abdominal sormtes 3—5
posteriorly rounded ... Anophthalmaxius De Man, 1905

11.

12.

Pereopods 1 unequal, fixed finger of smaller cheliped basally almost as
broad as propodus (fig. 5g); pleura of abdominal somites 3—5 posteriorly
Angled. ..o Eiconaxius Bate, 1888
Male pleopod 1 present; median carina ends anteriorly in angle or tooth;
submedian carinae present (fig. 4¢) .............. Seytoleptus Gerstaecker, 1856
Male pleopod I absent; median carina rounded anteriorly; submedian cari-
nae absent ................... FParascytoleptus Sakai and de Saint Laurent, 1989
Pereopodal epipods absent (or vestigial on pereopods 4 and 5 only); ros-
trum a short acute spike; maxillipedal 3 exopod with clear bend (fig. 6¢)
. Coralaxtinae . . . Corglaxius Kensley and Gore, 1981

Pereopodal eplpods present on 1-4 (fig. 6n); rostrum not a spike, usually
broad, dentate, longer than eyes; maxillipedal 3 exopod not clearly bent (fig.

O] e e e e ene e 6
Pleopods 2-5 without appendix interna; antenna 2 scaphocerite usually
bifurcate (fig. 48} ocooeveeeer e Eutrichocheles Wood Mason, 1876
Pleopods 2-5 with appendix interna (fig. 8m); antenna 2 scaphocerite usu-
ALY STMIPLE Lo eeaesra e e 7
Pleurobranchs 5-7 (above pereopods 2—4) present (absent in | undescribed
Species OF SPORGIGXIUS) ...oov v 8
Pleurobranchs 57 (above pereopods 2-4) absent .......coceeevvcerierieniarann, 13
Supraocular spines absent, rostrum evenly and weakly dentate (fig. 4e)
.......................................................................................... Axius Leach, 1815
Supraocular spines present, i.e. basal rostral spine well developed, often

larger than more distal spines (fig. 4b) .o 9
Male pleopod 1 present (somctimes absent in Spongiaxius) vrenerenene 10
Male pleopod 1 absent .. .12

Antenna 2 scaphocerlte short comma- shaped n lateral view (frg 4t)
rostrum with lateral rows of several erect spines; living in sponges
............................................ Spongiaxius Sakai and de Saint Laurent, 1989

Antenna 2 scaphocerite as long as article 4; rostrum with 1 or 2 lateral

spines only; not living in SPONgEs ... eerces e eensceeee L

Eyes fully pigmented, rounded...........cooiiiiiiiii e,
........................................... Bouvieraxius Sakal and de Saint Laurent, 1989

Eyes weakly pigmented, anteriorly flattened..........cocoooieiiinnicinniccne
........................................................... Levantocaris Galil and Clark, 1993

Rostrum twice as long as eyestalks, not depressed, strongly dentate; cara-

pace carinae armed; pereopod 1 SPINoSe. ..o

................................................ Calaxius Sakai and de Saint Laurent, 1989

Rostrum little longer than eyestalks, depressed, not dentate; carapace cari-
nae unarmed; pereopod 1 Ot SPINOSE.......ciceeee et eeeeeas
........................................ Dorphinaxius Sakai and de Saint Laurent, 1989
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13,

14.

15.

i6.

7.

18.

Diagnosis. Axioidea. Rostrum usually spinose,
apically acute; eye usually not pigmented, pleu-
ron of abdominal somite 1 produced; abdominal
| somite 2 less than twice as long as 3; propodus
of pereopods 3 and 4 more or less hnear coxa of

GARY C, B. POORE

Antenna 2 scaphocerite rudimentary; eyes weakly pigmented; male pleo-
POA 1 PIESENL .ovievriecireee et ee s e Paraxins Bate, 1888
Antenna 2 scaphocerite at least moderately long; eves fully (rarely weak-
ly or not) pigmented; male pleopod 1 absent (rarely present}) ................. 14
Carapace covered with scale-like tubercies; rostrum styliform, usually
shorter than elongate eyestalks; pereopod 1 granulate, spinose on upper
TIALZINS oot eete e e seee s ee e eeeee e eeseeaeseeaeasesereas Oxyrirynchaxius Parisi, 1917
Carapace smooth or spinose; rostrum not styliform (if narrow, longer than
eyestalks which are not more than twice as long as wide); pereopod 1 spin-
0S€ 0N UPPET MAIZINS OF NOL ...tvviimiireereeereereeereereeeseereeesee e sreranssaresanns 15
Eyestalks short (not more than half as long as rostrum); eyes weakly or not
pigmented ... . Calocarides Wollebaek, 1908
Eyestalks Iong (at least ha}f as long as rostrum) eyes fully pigmented

Rostrum narrow and acute (fig. 4b); supraocular spines present; pereopod
1 elongate, propodus and dactylus spinose or strongly setose on upper and
lateral surfaces ... Acanthaxius Sakai and de Saint Laurent, 1989
Rostrum broadly triangular; supraccular spines absent; pereopod 1 stout,
propodus and dactylus SmOOth ......covveevevrcvccvrrec e 17
Eyestalks elongate; median, submedian and lateral carinae unarmed ridges
.................................................... Axiorygma Kensley and Simmons, 1938
Eyestalks stout; median, submedian and lateral carinae tuberculate, dentate
OF ADSEINE . eeeiieeete ittt e e eenceaa et e eane e eaareeaesben s rnssas s rerasnenreseanante ses 18
Carapace carinae absent, strong paired tubercles instead; rostrum as long
as or shorter than eyestalks ..........cocoveneiiiiiiiieecee e
.................................................... Allaxius Sakai and de Saint Lauorent, 1989
Submedian carinae appear as horse-shoe-shaped line of weak tubercles;
rostrum as long as or longer than eyestalks ......... Axiopsis Borradaile, 1903

Calocarididae Ortmann pereopod 4 more or less cylindrical; male pleo-
pod 2 endopod simple, with terminal enlarged
appendix masculing, exopods of pleopods 2-5
not laterally lobed; uropodal endopod ovate;
pereopods 2—4 and abdominal somites without
setal-rows.

Key to genera of Calocarididae

See Kensley (1989) and Sakai and de Saint Laurent (1989) for diagnoses of the
genera and species and an entry to the literature. This key is a reconciliation of both
works and adds the later genus of Sakai (1992b).

—

R B

Uropodal exopod without transverse suture; sexes separate but some indi-

viduals hermaphroditic ... Eucalastacus Sakai, 1992

Uropodal exopod with transverse suture; hermaphroditic ............covvnne.. 2
Carapace with strong post-cervical caring ......coocoveveeeceencvieicnnccerresnnen, 3
Carapace without post-cervical Caring ......ccooovvvveeecvcccsrrse e 4
Eyes flattened, mesially contigaous .............ccc.c........ Calocaris Bell, 1853
Eyes rounded, not mesially contiguous ............... Lophaxius Kensley, 1989
Male pleopod 2 endopod with appendix interna and appendix masculina
free, with 2 mesial rows of simple setae ................ Calastacus Faxon, 1893

Male pleopod 2 endopod with appendix interna and appendix masculina
fused, with 2 mesial rows of spiniform setae .........ccccovevveeieeeecvervnnnnnn, 5
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5. Appendix masculina elongate; podobranchs and arthrobranchs well devel-

oped.....oeen

ceevenenens Calaxiopsis Sakai and de Saint Laurent, 1989

- Appendix mz-ils.;lc;ﬁili.ﬁ;boot»shaped; podobranchs and arthrobranchs rudi-

TENLALY oo

Micheleidae Sakai

Micheleinae Sakai, 1992: 18.
Meticonaxiinae Sakai, 1992: 19.

Diagnosis. Axioidea. Rostrum flat or obsolete,
eye usually pigmented; antenna 1, article 1
longer than article 2; pleuron of abdominal
somite 1 obsolete; abdominal somite 2 twice as
[ long as }; propodus of pereopods 3 and 4 more
or less broadened, coxa of pereopod 4 flattened,
male pleopod 2 endopod foliaceous with small
appendix masculina attached mesially; exopods
of pleopods 2--5 laterally lobed; uropodal
endopod ovate; carapace, pereopods 2—4 and

reereenees Ambicxius Sakai and de Saint Laurent, 1989

abdominal somites with some setal-rows.,

Remarks. Sakai (1992) erected the callianideid
subfamily Micheleinae for genera without a linea
thalassinica, with anterolateral lobes on abdom-
inal somite 1, with a long scaphocerite, subequal
first pereopods, with a small rostrum, and with
normal propodus on pereopod 4. His second sub-
family, Meticonaxiidae, differed mainly on the
presence of a rostrum and absence of pleopodal
filaments. The phylogenetic analysis suggests
that the meticonaxiids are polyphyletic and must
therefore be synonymised with Micheleidae. The
subfamily is not related to the Callianideidae and
is here elevated to family rank.

Key to genera of Micheleidae

The family is intended to include the two subfamilies of Callianideidae, Micheleinae
and Meticonaxiinae, erected by Sakai (1992a). Its four genera include species have
been variously included in Axiidae, Callianassidae and Callianideidae.

1.

Rostrum minute, triangular (fig. 4f); without pleurobranchs; pereopods 3
and 4 with lateral spiniform setae (fig. 5K} ..ocoooiiiiiiininninn
............................................................... Michelea Kensley and Heard, 1991
Rostrum prominent, flat (figs 4g, h); with pleurobranchs; pereopods 3 and
4 without lateral SpIniform SEtAE .......covveieeieiesie s 2
Cheliped with thickened setae in gape (fig. 5d); abdominal somites 3-5
without setal-rows; uropodal endopod with anterior margin convex, end-
ing by curving to rounded posterior Margin .,....cccoveven. Tethisea gen. nov,
Cheliped without thickened setae in gape; abdominal somites 3-5 with
setal-rows; uropodal endopod with straight anterior margin ending sharply
(LE. TJ) overerevercmorneserece e ses bbb bbb msm bbb s 3
Eyes visible in dorsal view, rostrum narrow (fig. 4g); cheliped fixed fin-
ger with major tooth two-thirds way along; maxilliped 2 exopod reduced
........................................................................... Meticonaxius De Man, 1905
Eyes not visible in dorsal view, rostrum wide (fig. 4h); cheliped fixed fin-
ger with major tooth one-third way along; maxilliped 2 exopod long

................................................ Marcusiaxius Rodrigues and Carvalho, 1972

Tethisea gen. nov.
Type species. Tethisea indica. sp. nov.

Diagnosis. Micheleidae. Rostrum prominent,
flat. Pleurobranchs 5--8 present. Pereopods 3 and
4 without lateral spiniform setae. Cheliped with
thickened setae in gape. Abdominal somites 3-5
without setal-rows. Uropodal endopod with

anterior margin convex, ending by curving to
rounded posterior margin,

Etymology. From Tethys, the ancient ocean,
altuding to the known distribution of this genus,
and Isea, Guérin-Méneville’s original genus of
callianideid.

Remarks. Tethisea is most similar to Marcusicx-
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ius and Meticoraxius in the possession of a ros-
trum and of pleurcbranchs. The most obvious dif-
ferences are the absence of setal-rows on abdom-
inal somites 3-5, the presence of specialised
thickened setae in the gape of pereopod 1, and
the more ovate shape of the uropodal endopod,

Tethisea indica sp. nov,

Material examined. Holotype. Mozambique {24°64'S [sic],
35°20'E), 165 m, Agassiz trawl, 18 Aug 1964 (IIOE program,
Anton Bruun cruise 7, stn 371D), National Museum of Nat-
ural History, Washington {USNM) 243552 (female, cl.
5.3mm}.

Paratypes. Mozambique, Mayotte, NNE of Récif Nord
(12°31'S, 45°02'E), 300-350m, course organic sand, dredge,
30 Mar 1977 (BENTHED stn 72DS), Muséom National
d'Histoire Naturelle, Paris (MNHN) Th-1219 (2 males ¢l. 5.5
and 4.5mm, female cl. 5mm).

La Réunion (21°03.6'S, 55°09'E}, 412-460 m, sand,
Sanders dredge, 8 Sep 1982 {Cruise MD32 stn DS178),
MNHN Th-1221 (1 specimen); MNHN Th-1223 (1 speci-
men).

Indonesia, Makassar Strait (0°54.2'S, 119°28.7'E), 170 m,
6 Nov 1980, grab (CORINDON 2 stn 248), MNHN Th-1216
(male cl. 6.5mm, female, cl. 7mm).

New Caledonia, E of SE corner of main island (22°15.32'S,
167°15.4'E), 440m, Waren dredge, 5 Sep 1985
(MUSORSTOM BIOCAL stn DW77), MNHN Th-1226 (5
specimens); Museum of Victoria, Melbourne (NMV} J13268
(1 specimen).

Diagnosis. Rostrum triangular, 1.5 times as long
as broad at base of eyes; posterior setal-row of 3
setae only. Maxilliped 3 merus without mesial
tooth; exopod minute.-

Cheliped merus with 2 spines on lower mar-
gin. Uropodal endopod with anterior margin con-
vex, ending by curving to rounded posterior mar-
gin, 1.3 times as long as wide; exopod with
concave anterior margin, apically rounded, pos-
terior margin broadly lobed, 1.7 times as long as
wide. Telson as long as wide, tapering to round-
ed-truncate apex beyond constriction one-third
way along.

Remarks. The species and another in the same
new genus will be described and figured in more
detail in a later paper.

GARY C. B. POORE

Strahlaxiidae fam. nov.

Type genus. Strahlaxius Sakai and de Saint Lau-
rent, 1989,

Diagnosis. Axioidea. Rostrum usually spinose,
apically bifid, eye usually pigmented; antenna 1,
article 1 as long as article 2; pleuron of abdom-
inal somite ! not produced; abdominal somite 2
twice as long as 3; propedus of pereopods 3 and
4 broadened; coxa of pereopod 4 more or less
flattened; male pleopod 2 endopod foliaceous
with small appendix masculina attached mesial-
ly; exopods of pleopods 2-5 laterally lobed,
uropodal endopod triangular; pereopods 2—4
and abdominal somites with some setal-rows.

Composition. Neaxius Borradaile, 1903; Neax-
iopsis Sakai and de Saint Laurent, 1989;
Strahlaxius Sakai and de Saint Laurent, 1989.

Remarks. The three strahlaxiid genera are super-
ficially similar to some members of the Axiidae
where they have traditionally been placed. The
most significant diagnostic characters are the
acute outer angle of the uropodal endopod, the
bifid rostrum, rugose gastric region of the cara-
pace, broad pleopodal rami, and possession of
some setal-rows on some pereopods and abdom-
inal somites. Absence of the appendix masculj-
na is a synapomorphy but this is shared with
some axid genera.

The recognition of Axiidae, Calocarididae and
Strahlaxiidae among the genera previously
assigned to Axiidae s.1. does not deny the possi-
ble existence of other monophyletic taxa within
this group. Strong evidence for the monophyly
of the Calocarididae was argued by Kensley
(1989) and unique diagnostic features of the
Coralaxiinae were presented by Sakai and de
Saint Laurent (1989). The existence of neither
clade excludes the other, contrary to Sakai’s
(1992b) view, and my hypothesis is the first to
attempt to relate them.

Key to genera of Strahlaxiidae

1. Antenna 2 scaphocerite toothed; pleurobranchs 5-7 (above pereopods 2-4)
present; telson with 2 transverse ridges ............. Neaxius Borradaile, 1903
— Antenna 2 scaphocerite simple; pleurobranchs 5-7 {above pereopods 2—4)
absent; telson dorsally smooth (fig. 72) .eeeeeeevvvee e 2
2. Male pleopod 1 PreSEnt ...ocivirircrierreirarrertiestes s et st s st eneeeneeean

—  Male pleopod 1 absen

ceeerreennnndtrahlaxins Sakai and de Saint Laurent, 1989
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CALLIANASSOIDEA Dana

Diagnosis. Thalassinidea. Posterior margin of
carapace with or without lateral lobes; linea tha-
lassinica present; pleuron of abdominal somite 1
wealk; eyestalks cylindrical or flattened; antenna
1 with article 3 as long as or longer than article
2; maxilla 2 scaphognathite with or without long
seta on posterior margin; gill elements paired;
pereopod 2 simple or chelate; pereopods 3 and 4
propodus with or without spiniform setac; pere-
opods 2—4 and abdominal somites sometimes
with setal-rows; pleopods with or without appen-
dix interna, reduced if present; pleopod 2 similar
or dissimilar to pleopods 3--5; uropodal rami
lamellate.

Callianassidae Dana

Diagnosis. Callianassoidea. Linea thalassinica
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present, lateral to antennae; posterior margin of
carapace evenly curved, rarely with cardiac
prominence; rostrum obsolete or a spike; eye-
stalks flattened, rarely cylindrical; maxilla 2
scaphognathite without long seta on posterior
lobe; abdominal somite 1 without anterolateral
lobes, weakly chitinised; pereopods 1 unequal or
equal; pereopod 1 merus with straight or toothed
lower margin; pereopod 2 chelate; pereopod 3
propodus without distal spiniform seta on lower
margin, with proximal heel on lower margin;
coxa of pereopod 4 flattened, mobile; thoracic
sternite 7 narrow; pleopod 2 different from
pleopods 3-3, sexually modified; pleopods 3-5
with broad interacting rami; uropodal exopod
with thickened anterodorsal sefose margin; only
abdominal somite 6 with setal-rows.

Key to genera of Callianassidae

The genera of the Callianassidae are poorly understood. De Saint Laurent and Le
Loeuff (1979) provided a key to genera from the eastern Atlantic. Manning and
Felder (1991, 1992), Manning (1992) Rodrigues and Manning (1992) and Manning
and Lemaitre (1993) briefly diagnosed all the genera and gave keys to American
forms. Both the French and American authors summarised earlier contributions but
it is difficult to reconcile their two systems. The key here is based on both schemes
and should be used for practical purposes only. The key seems unlikely to work for

many Indo-West Pacific species.

1. Maxillipedal 3 dactylus ovate (fig. 6f); carapace lacking dorsal oval

sal oval (fig. 2¢) cvvnniniceirvnnnns

.............................................................. 2
Maxillipedal 3 dactylus slender, digitiform (figs 6h, i); carapace with dor-
.............................................................. 3

2. Chelipeds equal, similar ................... Eucalliax Manning and Felder, 1991
— Chelipeds unequal, dissimilar ................... Calliax de Saint Laurent, 1973
3. Pleopods 3-5 with digitiform appendices internae (fig. 8} ..o 4
Pleopods 3—5 with stubby appendices internae (fig.8K .....ooovninvinnn 5
4. Maxilliped 3 without exopod; eyes subterminal, lateral .........cccoovencinns
.................................................................................. Cheramus Bate, 1888
— Maxilliped 3 with exopod (fig. 6j); eyes terminal, subglobular ..................
..................................................................................... Scallasis Bate, 1888
5. Fyes globular, terminal on cylindrical eyestalk; maxillipedal 3 merus with
denticulate distal border ...
........................................................ Calliapagurops de Saint Laurent, 1973
— Eyes flattened, subterminal on flattened eyestalk; maxillipedal 3 merus
without denticulate distal BOrder ... 6
6. Maxillipedal 3 propodus oval, as broad as long, twice as wide as dactylus

(1. OL)ereeieerirmreieie i
than dactylus (fig. 6h) ....cccvevene.

.............................................................. 7
Maxillipedal 3 propodus slender, longer than broad, at most slightly wider
............................................................ 14
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=)

10.

11.

12.

3.

14.
I5.

16.

17.

18.

19.
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Abdomen with strong pattern formed by symmetrical grooves on somites
3-5; uropodal endopod curved, strap-shaped.....................ccceoeennnn
......................................................................... Callichirus Stimpson, 1866
Abdomen without pattern formed by symmetrical grooves on somites 3—5;
uropodal endopod not curved or strap-shaped ..o cieniinneiinns 8
Maxilliped 3 with exopod (fig. 6j); antenna 1 peduncle longer and stouter
than antenna 2 peduncle ..., Lepidophthalmus Holmes, 1904
Maxilliped 3 without exopod; antenna 1 peduncle not fonger and stouter
than antenna 2 peduncle ..o s 9
Rostral spine absent or weak; front not or weakly trispinose .......ooee...... 10
Rostral spine distinct and upturned; front strongly trispinose (fig. 41)
................................................................................................................ 12
Linea thalassinica incomplete, not reaching to posterior margin of cara-
PACE ccviiriiiiiireeere oot Poti Rodrigues and Manning, 1992
Linea thalassinica complete, reaching to posterior margin of carapace
.................................. SO PO OUSUOTURUPRTRRSRS 3 |
Uropodal endopod broader than long, flattened distally; posterior margin
of telson rounded or slightly indented ................ Neocallichirus Sakai, 1988
Uropodal endopod longer than broad, tapering distally; posterior margin
of telson strongly eXcavale ........ccccciiivorioriiiniier e ennens
............................................................ Sergio Manning and Lemaitre, 1994
Cheliped carpus and propodus with 3 spines on upper margin; eve disc-
shaped, dorsal, narrower than eyestalk ,.............. Glypturus Stimpson, 1366
Cheliped carpus and prepodus with unarmed upper margin; eve subglob-
ular, distal, as wide as eyestalk ........ocooecevennernini e 13
Abdominal somite 2 about as long as abdominal somite 6; carapace short-
erthan 10mm .....ococoeeivieeceeeve e Corallichirus Manning, 1992
Abdominal somite 2 about as long as abdominal somite 6 plus telson; cara-
pace about Z5MIM «..eoiieiiiiiniicse e, Corallianassa Manning, 1987
Maxilliped 3 slender, pediform (fig. 65} ....ocovvririiecee e 15
Maxilliped 3 broad, operculiform (figs 61, 1.eeoeevrieiiieie e, 16
Cheliped with hook on merus (fig. 5b); male pleopod 2 vestigial or absent
............................................................................... Callianassa Leach, 1814
Cheliped without hook on merus; male pleopod 2 present, biramous
............................................................... Anacalliax de Saint Laurent, 1973
Maxillipedal 3 merus strongly projecting beyond articulation with carpus
{fig. 6h); antenna 1 peduncle longer and stouter than antenna 2 peduncle

Maxillipedal 3 merus barely or not projecting beyond articulation with car-
pus (fig. 61); antenna 1 peduncle shorter and narrower than antenna 2 pedun-
ClB e bttt 18
Pleopods 3-5 with appendices internae embedded in endopod................
........................................................ Neotrypaea Manning and Felder, 1991
Pleopods 3-5 with appendices internae projecting from endopod...............
..................................................................................... Trypaea Dana, 1852
Carapace with rostral spine; male pleopod 2 present........oooeecevveevieinncnne...
.............................................................. Notiax Manning and Felder, 1991
Carapace without rostral spine; male pleopod 2 vestigial or absent

................................................................................................................ 19
Antenna 1 paduncle longer and stouter than antenna 2 peduncle; telson
shorter than 1ong ......cocoevvevvviivinen. Gilvossius Manning and Felder, 1992

Antenna 1 peduncle not longer and stouter than antenna 2 peduncle; tel-
son as wide as long (fig. 7h) .cvevvvnnnne Biffarius Manning and Felder, 1991



A PHYLOGENY OF THE FAMILIES OF THALASSINIDEA 103

Callianideidae Kossmann

Diagnosis. Callianassoidea. Linea thalassinica
absent or very short, posterior margin of cara-
pace evenly curved, abdominal somite 1 without
anterolateral lobes; rostrum reduced; eyestalks
flattened; maxilla 2 scaphognathite with 1 long
seta on posterior lobe; abdominal somite I with
anterodorsal dome; pereopods 1 unequal; pere-
opod 1 merus with convex lower margin; perec-
pod 2 chelate; pereopods 3 and 4 propodus with
single distal spiniform seta on lower margin;
pereopod 3 propodus ovate; coxa of pereopod 4
flattened, immobile; thoracic sternite 7 narrow;
pleopod 2 similar to pleopods 3-5, rami lanceo-
late, with marginal filaments; uropodal exopod
simply ovate; pereopods 2-4 and abdominal
somites 1 and 6 with setal-rows.

Composition. One genus, Callianidea Kossmann,

1880; two species (Sakai, 1992a).
Ctenochelidae Manning and Felder

Diagnosis. Callianassoidea. Linea thalassinica
present, lateral to antennae; posterior margin of
carapace evenly curved, with cardiac promi-
nence; rostrum obsolete or a spike; eyestalks flat-
tened; maxilla 2 scaphognathite without long seta
on posterior lobe; abdominal somite 1 without
anterolateral lobes, weakly chitinised; pereopods
1 unequal; pereopod 1 merus with straight or
toothed lower margin; pereopod 2 chelate; pere-
opod 3 propodus without distal spiniform seta on
lower margin; pereopod 3 propodus linear or
weakly ovate; coxa of pereopod 4 flattened,
mobile; thoracic sternite 7 narrow; pleopod 2
similar to pleopods 3-3, rami lanceolate; uropo-
dal exopod simply ovate; only abdominal somite
6 sometimes with setal-rows.

Key to genera of Ctenochelidae

The phylogenetic analysis suggested that Ctenochelidae are a paraphyletic family
but its relationships will only be discovered with a more thorough investigation of
its genera and those of the Callianassidae. Anacalliax, included by Manning and
Felder (1991), is removed to Callianassidae, The key combines the characters used
by de Saint Laurent and Le Loeuff (1979 47) and Manning and Felder (1991}.

1.

Carapace with dorsal oval; abdominal somite & with lateral projections
............................................................... Callianopsis de Saint Laurent, 1973
Carapace without dorsal oval; abdominal somite 6 without lateral projec-
103 1 T O OGSO O PPTOP PO 2
Abdominal somite 1 with well developed pleura; cheliped carpus with
mesial hirsute triangular depression ..........ccccooriiiciiiin
...................................... Paracalliax de Saint Laurent and Le Loeuff, 1979
Abdominal somite 1 without pleura; cheliped carpus without mesial hir-
sute triangular depression ... 3
Larger cheliped with fingers at least twice as long as palm, with a comb of
fine teeth (fig. 5¢); smaller cheliped propodus not tapering; rostrum spike-
BKE oo e Ctenocheles Kishinouye, 1926
Larger cheliped with fingers shorter than palm, without a comb of fine
teeth; smaller cheliped propodus tapering; rostrum obsolete or triangular
................................................................................................................... 4
Maxilliped 3 with exopod (fig. 6j); abdominal somite 6 without sharp lat-
eral projections .....ccccceceeeeeeiiiiciin e Gourretia de Saint Laurent, 1973
Maxilliped 3 without exopod; abdominal somite 6 with sharp lateral pro-

JECHONS -t

Laomediidae Borradaile

Diagnosis. Callianassoidea, Linea thalassinica
present, posterior margin of carapace with lat-
eral lobes, abdominal somite I with anterolater-
al lobes; rostrum minute; eyestalks cylindrical;
maxilla 2 scaphognathite with several thickened
setae on posterior lobe; abdominal somite 1

..... Dawsonius Manning and Felder, 1991

chitinised; pereopods 1 equal; pereopod 2 simple;
pereopods 3 and 4 propodus with few spiniform
setae on lower margin; pereopod 3 propodus lin-
ear; coxa of pereopod 4 cylindrical; thoracic ster-
nite 7 narrow; pleopod 2 similar to pleopods 3-5,
rami lanceolate; pleopods without appendix inter-
na; uropodal exopod ovate; pereopods 2-4 and
abdominal somites without setal-rows.
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Key to genera of Laomediidae

The key is dertved from the table of Kensley and Heard (1990) who listed the recent
literature.

1.

b

Uropodal rami both without transverse SUtUre .............oeevvvevvvevecrvernans
.............................................................................. Axianassa Schmatt, 1924
One or both uropodal rami with transverse sSuture ............ccocceeevienrnnnnns 2
Uropod with transverse suture on exopod only; pereopods 3 and 4 dacty-
lus with corneous spiniform setae; maxilliped 3 without exopod ...

......................................................... Laurentiella Le Loeuff and Intes 1974
Uropod with transverse suture on both rami; pereopods 3 and 4 dactylus
without corneous spiniform setae; mainliped 3 with exopod ..o 3
Pereopod 1 subchelate; perecpods 2 and 5 simple; antenna 2 scaphocerite
well developed ..o, Naushonia Kingsley, 1897
Pereopod 1 chelate; pereopods 2 and 5 subchelate; antenna 2 scaphocerite
TEAUCE ..ot ev e et et 4
Pereopods 1 dissimilar; pereopods 2—-5 with reduced exopods; antenna 1
article 4 and antenna 2 article 3 short ... Laomedia De Haan, 1849
Pereopods 1 similar; pereopods 2-5 without exopods; antenna 1 article 4

and antenna 2 article 3 elongate

Thomassiniidae de Saint Laurent

Diagnosis. Callianassoidea. Linea thalassinica
well developed, starting immediately lateral to
eyes; posterior margin of carapace evenly curved;
rostrum minute or a spike; eyestalks flattened;
maxilla 2 scaphognathite with 1 long seta on pos-
terior lobe; abdominal somite 1 without antero-
lateral lobes; pereopods 1 unequal; percopod 1

.................................... Jaxea Nardo, 1847

merus with convex lower margin; pereopod 2
chelate; pereopod 3 (and sometimes 4) propodus
with single distal spiniform seta on lower margin;
pereoped 3 propodus broad or ovate; coxa of
pereopod 4 flattened, immobile; thoracic sternite
7 broad; pleopod 2 similar to pleopods 335, rami
lanceolate; uropodal exopod simply ovate; cara-
pace and abdominal somite 6 with setal-rows.

Key to genera of Thomassiniidae

The three genera included here have been previously included in Callianassidae
and Callianideidae.

I. Maxilliped 3 with brush of stiff setae on ischium and merus (fig. 6k); uropo-
dal endopod with transverse row of spiniform setae ........c.oovvveeioivevverennn
......................................................... Thomassinia de Saint Laurent, 1979
— Maxilliped 3 without brush of stiff setae on ischium and merus; uropodal
endopod without transverse row of spiniform setae ........c.ccccccevvvvernnnee. 2

2.

Rostrum spike-like (fig. 4i); maxillipedal 3 exopod as long as merus

.......... Crosniera Kensley and Heard, 1991

— Rostrum obsolete, maxillipedal 3 exopod vestigial or absent......................

Upogebiidae Boiradaile

Diagnosis. Callianassoidea. Linea thalassinica
present, diverse; posterior margin of carapace
evenly curved, abdominal somite 1 without
anterolateral lobes; rostrum usually broad, spin-
ose and dorsally setose; eyestalks cylindrical;
maxilla 2 scaphognathite without long seta on
posterior lobe; abdominal somite 1 chitinised;

.......... Mictaxius Kensley and Heard, 1991

pereopods I equal; pereopod 2 simple; pereopods
3 and 4 propodus without spiniform setae on
lower margin; pereopod 3 propodus linear; coxa
of pereopod 4 cylindrical; thoracic sternite 7 nar-
row; pleopod 2 similar to pleopods 3-5, rami
lanceolate; pleopods without appendix interna;
uropodal exopod triangular; pereopods 2—4 and
abdominal somites without setal-rows.
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Key to genera of Upogebiidae

The genera of the Upogebiidae are in flux and have not been analysed phylogenet-
ically, This key summarises the recent contributions of Sakai (1982, 1993), Williams
(1986), Ngoc-Ho (1989) and Williams and Ngoc-Ho (1990), Gebicula Alcock,
1901 is a senior subjective synonym of Wolffogebia Sakai, 1982, The subgenera Cal-
lindne Strahl, 1862 and Gebiopsis Milne Edwards, 1868 are not in current usage
but are available names.

1.

THALASSINGIDEA Dana

Rostrum with 1 or more inferior spines (fig. 4n); distal margin of telson
more or less concave; pereopod 1 subchelate, fixed finger short and spine-
like, carpus and propodus with rows of strong spines on mesial and upper
surfaces; uropodal exopod longer than telson ...,
....................................................................... Gebiacantha Ngoc-Ho, 1989
Rostrum rarely with inferior spines; distal margin of telson usually convex;
pereopod t chelate or subchelate (figs 5e, f}, carpus and propodus smooth
or with spines on upper surface; uropodal exopod rarely longer than telson

Anterior dorsal region of carapace and rostrum with scattered large yellow
tubercles, Iateral processes not differentiated from rostrum (fig. 4r)
......................................................................... Tuerkayogebia Sakai, 1982
Anterior dorsal region of carapace and rostrum vsually with spines and/or
setae, not tubercles, lateral processes differentiated or not (figs 40-g) .... 3
Telson and uropods operculiform (fig. 7D
................................................. Pomatogebia Willtams and Ngoc-Ho, 1990
Telson and urepods not operculiform (fig. 7k) oo 4
Anterior dorsal median region of carapace with low carina, without spines
or setae (fig. 4o); percopod 1 subchelate (fig. 3£) ...
.................................................................................. Gebicula Alcock, 1901
Anterior dorsal median region of carapace with clear or obsolete furrow,
with spines or setae (fig. 4p); pereopod 1 subchelate or chelate .................. 5
Pereopod 1 simple, its dactylus without defined upper exterior plate; uropo-
dal rami slender and leaf-like ........cccoorvnnennnn. Neogebicula Sakai, 1982
Pereopoed 1 chelate (fig. Se) or subchelate (fig. 51), its dactylus with defined
upper exterior plate; uropodal rami broad (fig. 7K) ..o, 6
Rostrum broadly separate from lateral crests (notch about as broad and
deep as rostrum; fig. 4q); maxilliped 3 with crista dentata; maxilliped 2
dactylus subterminal; maxillipeds 2 and 3 exopods with 2-articled flagela
............................................................................... Acutigebia Sakai, 1982
Rostrum narrowly or only shallowly separate from lateral crests {notch
usually narrower than rostrum,; fig. 4p); maxilliped 3 with simple ischial
hook, without crista dentata; maxilliped 2 dactylus terminal; maxillipeds
2 and 3 exopods with multiarticulate flagella ..o

105

Diagnosis. Thalassinidea. Posterior margin of
carapace with lateral lobes; linea thalassinica pre-
sent; pleuron of abdominal somite 1 produced;
eyestalks cylindrical; antenna 1 with atticle 3
about as long as article 2; maxilla 2 scaphog-
nathite with thickened setae on posterior margin;
gill elements irregular, filamentous proximally
and plate-like distally, pereopods 1 and 2 sub-
chelate, pereopods 3 and 4 propodus with spini-

fornt seta; pereopads 2—4 and abdominal somites
without setal-rows; pleopods 3—5 without appen-
dix interna (vestigial on male pleopod 2); pleo-
pod 2 similar to pleopods 3-5; uropodal rami lin-
ear.

Remarks. There is one family, Thalassinidae,
with one genus, Thalassina. See Poore and Grif-
fin, 1979 and Dworschak, 1992 for separation of
the species. Sakal (1992a) described 7, anomala
in detail.



106 GARY C. B. POORE

Acknowledgements

This study started during a 3-month period of
employment at the Muséum National d”Histoire
Naturelie, Paris, in 1990. I thank Alain Crosnier
(ORSTOM) for facilitating the visit and Michele
de Saint Laurent (MNHN) for making the exten-
sive collections of the museum available. I am
especially grateful to Michéle de Saint Laurent
for many hours of discussion on the classification
of the Thalassinidea, for commenting and cor-
recting my early attempts at a phylogeny of this
group, and for sharing her extensive knowledge
of the decapods. I appreciate the useful discus-
sions in Paris with Marcos Tavares and Nguyen
Ngoc-Ho. Robin Wilson in Melbourne provided
useful help in the use of phylogenetic programs
and kept the Department of Crustacea running
when I was in Paris.

References

Alcock, A., 1901. A descriptive catalpgue of the Indian deep-
sea Crustacea Decapoda Macrura and Anomala, in the
Indian Museum. Being a revised account of the deep-sea
species collected by the Royal Indian Marine Survey
Ship Investigator. Trustees of the Indian Museum: Cal-
catta. 286 pp.

Atkinson, R.J.A, and Taylor, A.C., 1988. Physiological ecol-
ogy of burrowing decapods. Symposia of the Zoologi-
cal Society of London 59: 201-226,

Balss, H., 1957, Decapoda. Dr. H.G. Bronn’s Klassen und.

Ornungen des Tierreichs 7(12): 1505-1672,

Bate, C.S., 1888. Report on the Crustacea Macrura collected
by H.M.S. Challenger during the years 1873-76. Report
on the Scientific Results of the Voyage of HM.S. Chal-
lenger . .. Zoology 24: 1-192.

Bell, T., 1853. A history of the British stalk-eyed Crustacea.
John van Voorst: London. 386 pp.

Borradaile, L.A., 1903. On the classification of the Tha-
lassinidea. Annals and Magazine of Natural History (7)
12: §35-351.

Burkenroad, M.ID., 1981. The higher taxonomy and evolution
of Decapoda (Crustacea). Transactions of the San Diego
Society of Natural History 19; 251-268.

Chace, F.A. and Kensley, B., 1992, The cardiac notch in
decapods. Journal of Crustacean Biology 12: 442447,

Dana, J.ID., 1852. Conspectus crustaceorum quac in orbis ter-
rarum circumnavigatione, Carol Wilkes e classe reipub-
licae foederatae duce, lexit e descripsit. Proceedings of
the Academy of Natural Sciences, Philadelphia 6; 628,

Pworschak, P.C., 1992. The Thalassinidea in the Museumn
of Natural History, Vienna; with some remarks on the
biology of the species. Annalen Naturhistorischen
Museums in Wien 93: 189-238.

Faxon, W., 1893, Reports on the dredging operations off the
west coast of Central America to the Galapagos, to the
wast coast of Mexico, and in the Gulf of California, in
charge of Alexander Agassiz, carried on by the U.S.
Fish Commision Steamer ‘Albatross’, during 1891 . ..
VL. Preliminary descriptions of new species of Crus-

tacea. Bulletin of the Museum of Comparative Zoology
at Harvard College 24: 149-220.

Forest, J. and de Saint Laurent, M., 1981. La morphologic
externe de Neoglyphea inopinata, espéce actualle de
Crustacé Décapode Glyphéide, Pp. 51-84 in Résultars
des campagnes MUSORSTOM. I. Philippines. Vol.
1. Editions de I'ORSTOM: Paris.

Forest, J. and de Saint Laurent, M., 1989, Nouvelle contri-
bution a la connaissance de Neoglyphea inopinata For-
est & de Saint Laurent, 4 propos de la description de la
femelle adulte. In: Forest, J. (ed.), Résultats des Cam-
pagnes MUSORSTOM 5. Mémoires du Muséum
National d' Histoire Naturelle, Paris série A, Zoology
144:75-92.

Galil, B.S. and Clark, P.F., 1993. A new genus and species
of axiid (Decapoda, Thalagsinidea) from the Levantine
Basin of the Mediterranean. Crustaceana 64: 48-55.

Gerstaecker, A., 1856, Carcinologische Beitriige. Archiv fiir
Naturgeschischte 22; 101-162,

Guraey, R., 1938. Larvae of Decapod Crustacea, Part V.
Nephropstdea and Thalassinidea. Discovery Reports 17:
293-344.

de Haan, W., 1833-18350, Crustacea. Pp. 243 + plates, in von
Siebold, P.F. (Ed.), Fauna Japonica sive descriptio ani-
makium, quae in itinere per Japoniam, jussi et auspici-
is superiorum, qui summurm in India Batava Imperium
tenef, suscepto, annis 1923-1830 collegil, notis,
abservionibus et adumbrationibus illustravii, Leiden.

Holmes, 8.J., 1904, On some new or imperfectly known
species of West American Crustacea, Proceedings of
the Californian Academy of Science, Zoology 3:
367-328.

Holthuis, L.B., 1983. Notes on the genus Enoplometopus,
with degeriptions of a new subgetus and two new
species (Crustacea, Decapoda, Axiidae), Zoologische
Mededelingen 56: 281-298.

Huxley, T.H., 1879. On the classification and the distribu-
tion of the crayfishes. Proceedings of the Zoological
Society of London 1878: 752-788.

Kensley, B., 1989, New genera in the thalassinidean families
Calocarididae and Axiidae (Crustacea: Decapoda). Pro-
ceedings of the Biological Society of Washington 102:
960-967.

Kensley, B. and Gore, R.H., 1981. Coralaxius abelei,
new genus and new species (Crustacea: Decapo-
da: Thalassinidea: Axiidae): a coral-inhabiting
shrimp from the Flerida Keys and the western
Caribbean Sea. Proceedings of the Biological
Society of Washington 93: 1277-1294,

Kensley, B. and Heard, R., 1990. The genus Axignas-
sa (Crustacea: Decapoda: Thalassinidea) in the
Americas. Proceedings of the Biological Society
of Washington 103: 558-572.

Kensley, B. and Heard, R.W., 1991, An examination
of the shrimp family Callianideidae (Crustacea:
Decapoda: Thalassinidea), Proceedings of the
Biological Society of Washington 104: 493-537,

Kensley, B. and Simmons, G.M., 1988, Axicrygma
nethertoni, a new genus and species of tha-
lassinidean shrimp from Florida (Decapoda:



A PHYLOGENY OF THE FAMILIES OF THALASSINIDEA 107

Axiidag). Journal of Crustacean Biology 8: 657-667.

Kingsley, 1.8., 1897. On a new genus and two new species
of macrurous Crustacea. Bulletin of the Essex Institute
27:95-99,

Kishinouye, K., 1926, Two rare and remarkable forms of
macrurous Crustacea from Japan. Japanese Journal of
Zoology 11: 63-69.

Kossmann, R., 1880. Reise in die Kustengebiete des Rothen
Meeres, volume 2, part 1, section 111, Malacostraca.
Zoologische Ergebnisse einer im Auftrige der
koniglichen Academie der Wissenschaften zu Berlin
1880: 67-140.

Leach, W.E,, 1814, Crustaceology. Edinburgh Encyclopedia
7: 383-437.

Konishi, K., 1989. Larval development of the mud shrimp
Upogebia (Upogebia) major {De Haan} (Crustacea:
Thalassinidea: Upogebtidae) under laboratory condi-
tions, with comments on larval characters of thalassinid
families. Bulletin of the National Research Institute of
Aguaculiure 15: 1-17.

Le Loeuff, P. and Intes, A., 1974. Les Thalassinidea (Crus-
tacea, Decapoda) du Golfe de Guinée systématique -
écologie. Cahiers ORSTOM - Océanographie 12:
17-69.

de Maxq, J.G., 1905, Diagnoses of new species of macrurous
decapod Crastacea from the ‘Siboga-Expedition’. Tijd-
schrift der Nederlansche Dierkundige Vereeniging 9
(3/4): 587-614.

Manning, R.B., 1987. Notes on western Atlantic Callianas-
sidae (Crustacea: Decapoda: Thalassinidea). Proceed-
ings of the Bivlogical Society of Washington 100:
386401,

Manning, R.B., 1992, A new genus for Corallianassa xutha
Manning (Crustacea: Decapoda: Callianassidae). Pro-
ceedings of the Biological Society of Washingfon 105:
571-574.

Manning, R.B. and Felder, D.L., 1991, Revision of the Amer-
ican CalHanassidae (Crustacea: Decapoda: Tha-
lassinidea). Proceedings of the Biological Society of
Washington 104 764-792.

Manning, R.B. and Felder, ID.L., 1992, Gilvossius, a new
genus of callianassid shrimp from the eastern United
States (Crustacea: Decapoda: Thalassinidea). Bulletin
of Marine Science 49: 558-561,

Manning, R.B. and Lemaitre, R., 1994. Sergio, a new genus
of ghost shrimp from the Americas (Crustacea: Decapo-
da: Callianassidae). Nauplius, Rio Grande (Brazil) 1.
39-44.

Martin, 1.W. and Abele, L.G., 1986. Phylogenetic relation-
ships of the genus Aegla (Decapoda: Anomura: Aegli-
dae), with comments on anomuran phylogeny. Journal
of Crustacean Biology 6: 576~616.

Martin, J.W. and Laverack, M.S., 1992, On the distribution
of the crustacean dorsal organ. Acta Zeolegica 73:
357-368.

Milne Edwards, A., 1862. Faune carcinologique se I’ fle Bour-
bon (Extrait). Annales des Sciences Naturelles (Zoolo-
giey 17: 362. :

Milne Edwards, A., 1868, Observations sur la faune carci-
nologiques des Hes du Cap-Vert. Nouvelles Archives du
Muséwm d Histoire Naturelle, Paris 4: 49-68.

Milne Edwards, H., 1837. Histoire naturelle des criustacés,
comprenant 'anatomie, la physiologie et la classifica-
tion de ces animanyx. Librairie Encyclopédique de Roret:
Paris. 531 pp.

Nardo, G.I, 1847. Sinonimia moderna della specie regis-
trate nell’ opera initolata: descrizione de’ Crostacel,
de’ Testacei e de’ Resci che abitano le Laguna e Golfo
Veneto, rappresentati in figure dall’ Abgate 5.
Chieregheni Ven. Clodiense, applicata per commissione
governativa. Venice. 128 pp.

Ngoc-Ho, N., 1981, A taxonomic study of the larvae of four
thalassinid species (Decapoda, Thalassinidea) from the
Gulf of Mexico. Bulletin of the British Museum of Nat-
ural History (Zoology) 40: 237-273.

Ngoc-Ho, N., 1989. Sur le genre Gebiacantha gen. nov., avec
la description de cing espéces nouvelles {Crustacea,
Thalassinidea, Upogebiidae). Bulletin du Muséum
National &’ Histoire Naturelle, Paris (4) 11; 117-145,

Ortmann, A E., 1891, Die Decapoden-Krebse des Strass-
burger Museums mit besonderer Berlicksichtigung der
von Herm Dr. Déderein dei Japan und bei den Lin-Kiu-
Inseln gesammelten und z.Z. im Strassburger Museum
aufbewahrten Formen, 1L Theil. Die Abtheilungen der
Reptantia Boas: Homaridae, Loricata und Thatassinidea.
Zoologische Jahrbiicher, Abteilungen fiir Systematik 6:
1-38.

Parisi, B., 1917. [ Decapoda giapponesi des Museo di Milano.
V. Galatheidea e Reptantia. Ami della Societa Italiana
di Scienze Naturali 56: 1-24.

Pemberton, G.S., Risk, M.J. and Buckley, D.E., 1976. Super-
shrimp: deep bioturbation in the Strait of Canso, Nova
Scotia, Science 4241; 790-791.

Poore, G.C.B. and Griffin, D.L.G., 1979. The Thalassinidea
(Crustacea: Decapoda) of Australia. Records of the Aus-
tralian Museurm 32: 217-321.

Rodrigues, S.A. and Carvalho, H A, de, 1972. Marcusiaxius
lemoscastroi, g. 0., $p. n., premeira oceurr ncia da
familia Axiidae {Crustacea, Decapoda, Thalassinidea)
no Brasil. Ciencia e Cultura, Suplementa 24; 357,

Rodrigues, S.A. and Manning, R.B., 1992, Poti gaucho, a
new genus and species of ghost shrimp from southern
Brazil (Crustacea: Decapoda: Callianassidae). Bulletin
of Marine Science 51: 9-13.

de Saint Lavrent, M., 1973, Sur la systématique et la phy-
logénie des Thalassinidea: définition des familles des
Callianassidae et des Upogebiidag et diagnose de cing
genres nouveaux. Comples Rendus de I Académie de
Science, Paris (D) 277: 513-516,

de Saint Laurent, M., 1979a. Sur la classification et la phy-
logénie des Thalassinides: définiticns de la superfamille
des Axioidea, de la sous-famille des Thomassiniinae et
de deux genres nouveaux (Crustacea Decapoda).
Comptes Rendus de I’ Académie de Science, Paris (D)
288: 1395-1397.

de Saint Lausent, M., 1979b. Vers une nouvelle classification
des Crustacés Décapodes Reptantia. Bulletin de I' OF-
fice National des Péches de Tunisie 3: 15-31 (offprint
with numerous author’s corrections),

de Saint Laurent, M., 1988. Enoplometopotdea, nouvelle
superfamille de Crustacés Décapodes Astacidea,
Comptes Rendus Hebdomedaire des Séances de I’



108 GARY C. B. POORE

Académie des Sciences, Paris (3) 307: 59-62.

de Saint Laurent, M. and Le Loeuff, P, 1979. Campagnes de
la Calypse au large des cdtes Atlantiques Africaines
(1956 et 1959) (suite) 22. Crustacés Décapodes
Thalassinidea. I. Upogebiidae et Callianassidae. Résul-
tats Scientifiques des Campagnes de la Calypso 11.
29-101.

Sakai, K., 1982, Revision of Upogebiidae (Decapoda, Tha-
lassinidea) in the Indo-West Pacific region. Research-
es on Crustacea, Special Number 1: 1-106,

Sakai, K., 1988, A new genus and five new species of Cal-
lianassidae (Crustacea: Decapoda: Thalassinidea) from

northern Australia, The Beagle, Occasional Papers of

the Northern Territory Museum of Arts and Sciences 5.
51-69.

Sakai, K., 1992a, The families Callianideidae and Tha-
lassinidae, with the description of two new subfamilies,
one new genus and two new species. Naturalisis 4.
1-33.

Sakai, K., 1992b. Axiid collections of the Zoological Muse-
um, Copenhagen, with the description of one new genus
and six new species (Axiidae, Thalassinidea, Crustacea).
Zoologica Scripta 21: 157-180.

Sakai, K., 1993. On a collection of Upogebiidae (Crustacea,
Thalassinidea) from the Northern Territory Maseum,
Australia, with the description of two new species. The
Beagle, Occasional Papers of the Northern Territory
Museum of Arts and Sciences 10: 87-114.

Sakai, K. and de Saint Laurent, M., 1989. A check list of Axi-
idae (Decapoda, Crastacea, Thalassinidea, Anomula),
with remarks and in addition descriptions of one new
subfamily, eleven new genera and two new species. Nar-
uralists 3: 1-104.

Schmitt, W L., 1924, Bijdragen tot de kennis der fauna van
Curagao. Resultaten eener reis van Dr. C. J. van der
Horst in 1920. The macruran, anomuran and stomato-
pod Crustacea. Bijdragen tot de Dierkunde 23: 61-81.

Stimpson, W., 1866, Descriptions of new genera and species
of macrurous Crustacea from the coasts of North Amer-
ica. Proceedings of the Chicago Acadeny of Science 1:
46-68,

Strahl, C., 1862. On some Thalassinae sent from the Philip-
pines by M. Jagor, and on the systematic position of
that family. Annals and Magazine of Natural History
(3) 9: 383-396.

Suchanek, T.H., Colin, P.L., McMaurtry, G.M. and Suchanek,
(.8., 1986. Bicturbation and redistribution of sediment
radionuclides in Enewetak Atoll lagoon by callianassid
shrimp: biological aspects. Bulletin of Marine Science
38: 144-154.

Van Dover, C.L., Factor, LR. and Gore, R H., 1982, Devel-
opment patterns of larval scaphognathites: an aid to the
classification of anomuran and brachyuran Crustacea.
Journal of Crustacean Biology 2: 48-53.

de Vaugelas, J. and de Saint Laurent, M., 1984. Premiéres
données sur I'écologie de Callichirus laurae de Saint
Laurent sp. nov. {Crustacé Décapode Callianassidae):
son action bioturbatrice sur les formations sédimentaires
du golfe d’ Agaba (Mer Rouge). Comptes Rendus de I'A-
cadémie de Science, Paris (3) 6: 147-152.

Williams, A.B., 1986. Mudshrimps, Upogegia, from the East-
ern Pacific (Thalassinidea: Upogebiidae). San Diego
Society of Natural History, Memoir 14 1-60.

Williams, A.B. and Ngoc-Ho, N., 1990. Pomatogebia, a new
genus of thalassinidean shrimps from Western Hemi-
sphere tropics (Crustacea: Upogebiidae). Proceedings of
the Biological Society of Washington 103: 614-616.

Wollebaek, A., 1908. Rematks on decapod crustaceans of
the North Atlantic and the Norwegian Fiords (I and II).
Bergens Museums Arbog Afhandlinger of Arshereming
£2: 1-74.

Wood-Mason, 1., 1876. On the Astacus modestus of Herbst.
Annals and Magazine of Natural History (4) 17: 264,



A PHYLOGENY OF THE FAMILIES OF THALASSINIDEA 109

Table 1. Character transformations used in the phylogenetic analysis of 22 taxa of Thalassinidea. Each char-
acter is numbered and described, the plesiomorphic state is followed by (0), and apomorphic states by (1) or
for multiple state characters by higher numbers. Characters with consistency indices and retention indices of
100% after weighting by HENNIG86 are marked with *. Characters with ambivalent states at 2 or more nodes

are in parentheses and are not inclhuded in fig. 9.
Carapace, linea thalassinica and rostrum

1.* Lineathalassinica or linea anomurica: absent (0);
present (1),

2.* Linea thalassinica: typical (0); displaced dorsal-
ly, ocular lobes substituted by branchiostegal
sclerite (1).

{3). Rostrum: longer than and covering eyestalks (0);
reduced and obtusely triangular (sometimes
spike-like) (1).

(4). Rostrum: flattened (0); spike-like (1).

5. Rostrum: spinose laterally (0); without armature
(1.

6. Rostrum; simple (0); augmented by lateral ocu-
lar ridges (1).

7. Lateral carinae: present, with longitudinal row
of setae (0); absent (1).

8. Medial rostral carina: present (0); absent (1).

9. Cardiac prominence: absent (0); present (1).

Carapace—abdomen articulation

10. Posterior margin of carapace: evenly convex (0}
with strong lateral lobes (1).

11.* Abdominal somite 1 anterolateral lobes: present
or indicated (0); absent (1).

12. Lateral articulation between abdorninal somites
[ and 2: condyle present (0); condyle absent {1).

13. Posterior margin of carapace: ridged (0); soft,
without ridges (1).

14.* Abdominal somite 1, tergite anterior to antero-
lateral lobes or their remnants: present and chi-
tinised (0); absent, region flexible (1).

(15).Abdominal somite 1 pleuron: acute and project-
ing (0); blunt and obsolete (1).

16.* Abdominal somite 1 mid-dorsal tergite: anterior
and posterior regions separate (0); regions amal-
gamated, anteriorly depressed (1).

17. Anterolateral margin of abdominal somite 2:
overlaps abdominal somite 1 (0); does not over-
lap (1).

Thoracic sternites

18 *Thoracic sternite 8: fused to sternite 7 (Q); free
from sternite 7 ().

19. Thoracic sternite 7, episternites: diverging pos-
teriorly (0); contiguous posteriorly (1).

20. Thoracic sternite 7, episternttes: acute (0); flat-
tened (1).

21. Coxa of pereopod 4 posterior condyle: functional
(0); obsolete or absent (1).

22, Coxa of pereopod 4: rectangular, without
anteromesial lobe (0); flattened, with anterome-
sial lobe (1).

23. Coxa 4: mobile (0); immobile (1}.

24.*Thoracic sternite 7, midanterior region: sharply
ridged (0); flattened and broadened {coxae sec-
ondarily separate) (1).

Gills

25. Gill elements: irregularly arranged along rachis
(0); paired transversely along rachis (1).

26. Epipods: broadly laminar (0); linear anteriorly
and lost posteriorly (1).

(27).Epipods: 1-7 (rarely 2-7) present (0); 7 rudi-
mentary or absent (1); 4-7 vestigial or absent
(2); 37 absent (3); 2-7 absent (4).

(28).Podobranch 2: present (0); vestigial or absent
(1)

29. Podobranchs 3-7: present (0); 7 absent (1); 3-7
absent or some rudimentary (2).

(30).Arthrobranchs on somites 1-7: 1122222 (0);
0122222 (1); 0022222 (2).

31. Pleurobranchs: 5-8 present (0); 5-7 (or rarely
only 7) present, 8 rudimentary or abseat (1); 5-8
absent (2).

Cephalon

(32).Epistome: without setae (0); with long setae (1),

33. Eyestalk: cylindrical, cornea terminal (0); flat-
tened, cornea dorsat (1).

34.* Antenna 1, article 1: about as long as article 2
{0); elongate, waisted (1).

35. Antenna 1, article 3: longer than article 2 {(0); as
long as article 2 (1).

36. Antenna 2 scaphocerite: prominent, much longer
than wide (0); reduced but articulating, about as
long as wide (1); absent (2).

(37).Mandibular incisor: smooth anteriorly, denticu-
late posteriorly (0); toothed anteriorly and pos-
teriorly (1).

38.#*Mandibular incisor: symmetrical (0); asymetri-
cal (1),

39. Maxilla 2 scaphognathite: without a long seta
(0); with a long seta (1),

(40).Maxilla 2 scaphognathite, posterior lobe: taper-
ing (0); rounded and evenly setose (1).

41, Maxilliped I endopod: 2-articled (or elongate
and tapering) (0); minute (1).

(42).Maxilliped 1 exopod: 2-articled (with flagellum)
(0); 1-articled (1).

43. Maxilliped 2 exopod: almost reaching to end of
merus (0); reduced or absent (1).

44. Maxilliped 3: ischium-merus linear,
carpus—dactylus linear (at least 6 times as long
as wide) (0; ischium—merus at least slightly
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broadened, carpus—dactylus compact (shorter
than ischium—merus) (1).

(45).Maxilliped 3, exopod: reaching almost to end of
merus (0); reduced or absent (1).

46. Maxilliped 3, crista dentata: prominent toothed
ridge (0); obsolete or absent (1).

47, Maxilliped 3, meral spine: present (0); absent

(1).
Pereopods

48.* Pereopodal basis — ischium: free (0); fused (1).
49.*Row of setae on lower margin of ischivm —
propodus of pereopod 2: absent (0); present (1).

50. Pereopod 1, carpus — propodus: cylindrical (0);
flattened with upper and lower ridges (1).

(51).Pereopod 1, carpus — propodus: bending near
right angles in horizontal plane (0); scarcely
bending (1).

52.*Pereopod 1: equal (0); unequal (1).

53.#Pereopod 1, merus: with straight lower margin
(0); with convex lower margin (1).

54.*Pereopod 1: simple (0); chelate or subchelate (1).

(55).Percopod 2: simple (0); chelate (1).

56. Pereopod 2 dactylus: as long as fixed finger (0);
longer than fixed finger (1).

57.%Pereopod 3 propodus: linear or oval (0); with
heel on proximal corner of lower margin (1).

58. Percopods 3 and 4, dactylus: without spiniform
setae (0); with spiniform setae (1).

59. Pereopod 3, propodus: without spiniform setae
(0); with rows of lower lateral spiniform setae (1).

60. Pereopod 4, propodus: without spiniform setae
{0); with rows of lower [ateral spiniform setae
(1); with 1 spiniform seta distally on lower mar-
gin (2).

61.%Pereopod 3, propodus: without spiniform setae
(0); with 1 spiniform seta distally on lower mar-
gin (1).

{62).Pereopod 4 propodus: without spiniform setae
(0); with 1 spiniform seta distally on lower mar-
gin (1),

63, Percopods 3 and 4, propodus: linear (on pereo-
pod 3 more than 3 times as long as wide) (0);
flattened (less than twice as long as wide) (1).

64. Pereopod 5: long and slender {0); short, compact
and fitting into side of abdominal somite 1 (1).

Body proportions

65. Relative length of cephalothorax (¢l/tl): half (0);
third or less (1).

66.*Relative length of abdominal somite 2 to abdom-
inal somite 1: less than 1.5 (0); more than 2 (1).

67. Abdominal somites 3-5: without setae laterally
or at most sparse vertical rows (0); with dense
tufts of lateral setae (1).

Pleopods
68.%Pleopods: 1 reduced, 2-5 similar and lamellar

{0); 1 and 2 sexually modified, 35 similar and
lamellar (1).

69. Male pleopod 1, appendix interna: present as
minute hooks on ramus (0); absent (1}.

(70).Male pleoped 1, second article: ovate (0); more
or less triangular (1).

(71).Male pleopod 1: 1- or 2-articulate (0); minute or
lost (1).

72.*%Male pleopod 2, appendix masculina: present,
prominent {0); fused to appendix interna (1).

73. Male pleopod 2, appendix masculina: present,
prominent (0); absent (1).

74.*#Pleopods 2-5 exopod: symmetrical {0); lateral-
ly lobed (1).

Tail fan

(75).Uropodal exopod: with transverse suture (0);
without suture (1).

76.*Uropodal exopod: simply ovate {(); with
anterodorsal setose thickening (1).

77. Uropodal endopod: distally rounded (0); distal-
ly truncate, distolateral margin subacute (1).

78. Telson and uropodal rami: with spines on sur-
face {0); unarmed (1).

79. Abdominal somite 6 epimeron: ventrally pro-
duced, with mesial setae (0); not ventrally pro-
duced, without setae (1).

Setal-rows

80.* Longitudinal carinal setal-row: absent (0); pre-
sent (1).

(81).Carapace vertical setal-row: absent (0); at least
one present (1).

82.*Carapace vertical setal-rows: 1 present {0); 2 or
3 present (1).

(83).Pereopod 2 setal-row: absent (0); present (1).

(84).Pereopod 3 setal-tows: absent ((); 1 row present
(1.

85.*Pereopod 3 setal-rows: 1 row only (0); second
row present {1).

(86).Percopod 4 setal-rows: absent (0); 1 row present
(1).

87.*Pereopod 4 setal-rows: 1 row only (0); second
row present (1).

88. Abdominal somite 1 setal-row: absent (0); pre-
sent (1).

89. Abdominal somite 2 setal-row: absent (0); pre-
sent (1).

90. Abdominal somites 3-5 setal-rows: absent (0);
present (1).

91. Abdominal somite 6 longitudinal pleural setal-
row: absent (0); present (1).

92. Abdominal somite 6, posterior setal-row: absent
(); present (1).

93, Abdominal somite 6, intermediate setal-row:
absent (0); present (1).



Table 2. Genus-character matrix (27 genera by 93 characters) used in the HENNIGS6 cladistic analysis of genera of the Thalassinidea. The first five taxa are outgroups.

Unknown character states are shown by ?

Neoglyphea
Enoplometopus
Nephropsis

Dardanus
Munida

Calocaris
Coralaxius
Axius
Axiopsis
Spongiaxius
Strahlaxius
Tethisea
Marcusiaxius
Meticonaxius
Michelea

Thalassina
Laomedia
Upogebia
Callianidea
Mictaxius
Thomassinia
Crosniera
Paracalliax
Ctenocheles
Gourretia
Anacalliax
Callianassa

0

(000000000
0000001000
0000000000

1000000000
1060000000

0000000001
0000000001
0000000001
0000000001
0060000001
0060000001
0000100001
00060100001
0000100001
0010101101

1000010101
1010101101
1000011100
1010101100
1110101100
1110101100
1111101100
1010101110
1011101010
1011101110
1010101010
1010101100

1

0000000100
0000000000
0000000000

0000000100
0000000100

0000000111
6000000111
0000000110
6000000110
6000600111
(000100111
0000100111
000010011E
0000100111
0000100111

0000001111
0010000101
1010000111
1100101111
1010110111
1010110111
1010110111
1011000111
i111101111
1111101111
1111101111
1111101111%

2

0000000000
0000000002
0000000002

0000111120
0000111120

0000100011
(ooo102122
0000100011
(000100012
(000100112
0100100112
0100100112
0100100112
0100100112
1110100122

0100000011
0000100001
0000112122
1110100122
1111111121
1111111122
1111110122
0100113121
0100114121
0100113121
0100114122
0100113121

3

0000000000
0000000000
0000000000

0000000000
(000000000

2000100010
2000100010
1000100010
2000100010
2000100010
2000100010
1001100110
1101100110
1101100110
1101110110

2000011000
2000011000
2000010001
2010010010
2100011010
2110021010
2110011010
2110010001
2110110001
2110110001
2110110001
2110020001

4

0000000000
0000000000
0000000000

0060000100
0000000100

0000000110
0000000110
0000000110
0000000110
0000000111
0000000110
0000100111
0100111111
0110100111
1010000111

06000001 E0
0000001110
0000000110
0100000111
0101111111
0101111181
0601010111
(100000111
0110100111
0101001111
0001101111
1101101111

5

0000000000
0000000000
0000000000

1001000000
0001000000

1001100000
1001100111
1001100101
1001100161
1001100111
1001100000
1001110000
1001100000
1001100000
1001110111

1001100000
1001000000
1001000000
1111110000
1111100000
1111100000
1111100000
1101100000
1101100000
1101100000
1101101000
1101101000

6

(000000000
(000000001
0000000000

0000000000
0000000000

00006000001
(000000001
0000000001
0000000001
0000000001
0010011010
0010110001
001011000t
001611000t
0010111001

000000000t
0000000000
0000000000
1110001010
1111001010
1011000010
1011001010
0010100072
0011100010
0011100010
0001101110
0011101110

7

(000000000
(000000000
0010000000

(000100000
0000100000

0000000000
(000000000
(000000000
(000000000
(000000000
6011101000
0001101111
0gol101111
0001101111
Gool10tinl

0000100100
1006000100
1010101100
0010100110
0000100110
£100100110
0100100110
0070100110
(000100110
000100110
0010110000
1010110110

8

0000000000
(000000000
0000000000

0000000000
0000000000

0000000000
0000000000
0000000000
0000000000
0000000000
0011010110
1111010110
1111111111
1111111111
1111111111

0000000000
0000000000
0000000000
0011010100
1011010111
1006000100
10006000100
00006000000
1000000000
1000000000
0000000100
0000000000

0G0
000
000

000
000

000
000
010
010
010
011
11
110
111
011

000
000
000
010
011
111
111
000
000
111
111
111
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Figure 1. a, Thalassina anomala Herbst (Thalassinidae) [after Sakai, 1992a); b, Laomedia healyi Yaldwyn and
Wear (Lacmediidae) {after Yaldwyn and Wear, 1972]; ¢, Upogebia species indeterminate (Upogebiidae) [after
Williams, 1986].

1t = linea thalassinica.
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Figure 2, a, Callianidea typa Milne Edwards (Callianideidae) [after Sakai, 1992a]; b, Thomassinia sp. nov.
(Thomassiniidae) ¢, Trypaea australiensis Dana (Callianassidae).
It = linea thalassinica.
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Figure 3. a, Calaxius pailvevensis (Rathbun) (Axiidae) [after Sakai and de Saint Laurent, 1989]; b, Michelea
vanderoverae (Gore) (Micheleidae); ¢, Marcusiaxius lemoscastroi Rodrigues and Carvalho (Micheleidae).
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Figure 4. Anterior region of cephalothorax: a, Axiopsis; b, Acanthaxius; ¢, Seytoleptus; d, Strahlaxius; e, Axius,
f, Michelea, g, Meticonaxius; h, Marcusiaxius; i, Crosniera, j, Thomassinia; k, Callianidea; |, Corallianassa,
m, Biffarius; n, Gebiacantha; 0, Gebicula; p, Upogebia; q, Acutigebia; 1, Tuerkayogebia [o—r from Sakai, 1982].
Antenna 2 base and scaphocerite: s, Eutrichocheles (dorsal); t, Spongiaxius (lateral),
abl = anterior branchiostegal lobe; bs = branchiostegal scerite; It = linea thalassinica; o = ocular lobe;
T = rostrum.
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Figure 5. Major cheliped (pereopod 1): a, Axius; b, Biffarius; ¢, Ctenocheles; d, Tethisea; e, Upogebia, {1,
Gebicula.

Minor cheliped (pereopod 1): g, Eiconaxius.

Pereopod 2: h, Callianassa; i, Upogebia.

Pereopod 3 (distal articles showing spiniform setae and setal-rows): j, Allaxius; k, Michelea; 1,
Marcusiaxius, m, Thomassinia; n, Callianassa.
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Figure 6. Maxilla 2: a, Allaxius (scaphocerite with long seta}; b, Callianassa (scaphocerite with setose margir).
Maxilliped 1: ¢, Allaxius (with endopod and flagellate exopod).

Maxilliped 3: d, Axiapsis; e, Coralaxius; f, Eucalliax; g, Anacalliax; h, Trypaea, i, Callichirus, j, Gourretia;
k, Thomassinia.

Setal-rows at anterior margin of carapace: 1, Michelea.

Branchiae on thoracomere 7: m, Thalassina (1 of 2 arthrobranchs); n, Axius (2 arthrobranchs and broad epi-
pod with podobranch, dotted), o, Biffarius (I of 2 arthrobranchs).

a = arthrobranch; ed = crista dentata; e = epipod; n = endopod; p = podobranch; s = scaphocerite;
X = exopod.
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Figure 7. Posterior margin of carapace, abdominal somites 1 and 2: a, b, Axius (right and dorsal views); ¢, d,
Marcusiaxius (right and dorsal views); e, Thomassinia (right view).

Telson and uropod: f, Eutrichocheles; g, Strahlaxius; h, Biffarius; i, Michelea; j, Marcusiaxius (right uropod
only); k, Upogebia; |, Pomatogebia.

all = anterolateral lobe of abdominal somite 1; ap2 = anterior lobe of pleuron of abdominal somite 2; as6 =
abdominal somite 6; dl = dorsal lobe; plc = posterolateral lobe of carapace; pn = pleuron; t = telson; un = uropo-
dal endopod; ux = uropodal exopod.
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Figure 8. Sternites of thoracomeres 6, 7 and 8; coxae of pereopods 3 (top), 4 and 5 (bottom): a, Axius; b, Bif-
farius; ¢, Callianidea.

Pleopod 1 of male: d, Bouvieraxius.

Pleopod 2 of male, showing appendix interna and appendix masculina: e, Axiopsis; f, Bouvieraxius; g, Calo-
caris; h, Coralaxius; i, Mictaxius (combined appendices interna and masculina).

Pleopod 3, with appendix interna: j, Biffarius; k, Anacalliax; 1, Marcusiaxius; m, Neaxiopsis.

Pleopodal marginal extensions: n, single branching filament on endopod of Callianidea; o, pleopod 2 of
Michelea with marginal lamellae.

ai = appendix interna; am = appendix masculina; ¢3, ¢4, ¢5 = coxa of pereopods 3, 4, 5; er = episternal ridge
(or plate); k = site of posterior condyle between sternite 7 and coxa 4, mr = median ridge of sternite 7; ms =
median slit; pn, pleopodal endopod; px = pleopodal exopod.
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Figure 9. Cladogram of 22 selected genera of Thalassinidea and five outgroup genera generated from HENNIG86
using & single successive weighting of 97 characters. Unambivalent character changes are given for each ances-
tral clade. Clades are numbered at their stems and discussed in the text. Higher taxa are given at the right.



