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Molecular Phylogeny of the Family Callianassidae Based 
on Preliminary Analyses of Two Mitochondrial Genes 

DARRYL L. FELDER & RAFAEL ROBLES 

Department of Biology, University of Louisiana, Lafayette, Louisiana, U.S.A. 

ABSTRACT 

Recent revisions in callianassid subfamilies and genera are questionable and appear to be incongru
ous with relationships evident in morphologically based phylogenetic reconstructions. We gener
ated molecular phylogenetic trees for the closely related families Callianassidae and Ctenochelidae 
as well as for outgroup representatives of the family Axiidae. Fragments of the 16S and 12S rDNA 
mitochondrial genes were sequenced for a total of 46 species, representing 18 genera of Callianas
sidae, two genera of Ctenochelidae, and five genera of Axiidae. Of approximately 1000 potential 
mitochondrial basepair characters, 903 were used in final alignments. Resolution in our phyloge
netic tree was limited at some basal nodes of the topology, as might be expected with the genes 
chosen for this analysis. Callianassinae formed a well-supported monophyletic group, but Cheram-
inae was included within it. Support was found for continued recognition of many separate genera 
in this group and for the naming of additional ones, as opposed to their wholesale reassignment 
to the clearly separated genus Callianassa: Groupings within Callichirinae were not well resolved, 
though the subfamily appears to be paraphyletic at low support values. Genera of this group were 
monophyletic except for Sergio, which is paraphyletic and of questioned validity. Eucalliacinae ap
pears to be paraphyletic at low to medium support, suggesting that the genus Calliaxina may share 
common lineage with the Ctenochelidae. 

1 INTRODUCTION 

Recent attempts by Sakai (1999a, b, 2002, 2004, 2005) to comprehensively review and revise Sys
tematics of the family Callianassidae and its closest relatives (collectively known as ghost shrimps) 
have brought together a diffuse taxonomic literature but do not offer objective assessments toward 
a natural classification. Sakai's major revisions at the level of subfamilies and genera remain ques
tionable (Dworschak 2007), especially in that many appear to be incongruous with relationships 
evident in phylogenetic reconstructions based upon morphological character analysis (Poore 1994; 
Tudge et al. 2000). This applies to numerous cases in which previously erected genera of the sub
family Callianassinae were recently synonymized by Sakai (2005), who put them into a very broadly 
defined genus Callianassa Leach, 1814. This action dismissed a restricted definition of the genus 
previously made by Manning & Felder (1991), while imposing a retrograde taxonomy that poten
tially masked diversity within the group. Similarly, within the subfamily Callichirinae, Sakai syn
onymized Corallianassa Manning, 1987, with Glypturus Stimpson, 1866, on a questionable basis 
(Dworschak 2007). In the subfamily Eucalliacinae, both Eucalliax Manning & Felder, 1991, and 
Calliaxina Ngoc-Ho, 2003, were placed into questionable synonymy with Calliax de Saint Laurent, 
1973. At a somewhat higher level, membership of the family Ctenochelidae was restricted (Sakai 
1999a), and the family Gourretiidae was established to receive Gourretia de Saint Laurent, 1973, 
and Dawsonius Manning & Felder, 1991. 
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The present effort addresses some of the above issues by molecular genetic methods. A previous 
paper of this volume (Robles et al.) used a combination of 16S mitochondrial and 18S nuclear gene 
sequences to examine overall phylogenetics of thalassinidean taxa, and a review of previous anal
yses bearing on all of its member groups was undertaken there. Some of the callianassid taxa that 
appear in Robles et al. (this volume) are included in the present work, as are yet others treated in 
earlier brief reports (Felder & Robles 2004; Robles & Felder 2004). With these, we here incorporate 
additional taxa to potentially enable more robust interpretations at the generic and subfamily levels. 
Our combined analysis is based strictly upon 16S and 12S mitochondrial gene sequences, rather 
than on genes more suited to resolution at higher taxonomic levels. The present analysis is consid
ered preliminary in that it is somewhat biased to American materials, along with some available 
western Pacific and European specimens, the latter including Callianassa subterranea, type species 
of that genus. 

2 METHODS 

2.1 Specimens included 

Ghost shrimps were collected in Belize, Brazil, Colombia, Costa Rica, Ghana, Greece, Jamaica, 
Japan, Mexico, Nicaragua, Panama, Scotland, Spain, USA, and Venezuela, with some of these be
ing obtained as gifts or loans from museums (Table 1). When possible, specimens were initially 
frozen in seawater or glycerine at —70°C or —20°C. In other cases, or after tissue was extracted 
for DNA analysis, they were placed directly into 70% ethyl alcohol. Our sample consisted of 74 
specimens representing 46 species in 25 genera of the families Ctenochelidae, Callianassidae, and 
Axiidae, the latter family serving as the outgroup. Outgroup selection was based upon findings of 
Robles et al. (this volume), which placed Axiidae in a sister clade to that of the aforementioned 
families within the infraorder Axiidea. Where utilized following a taxon, s.L = sensu lato and s.s. = 
sensu stricto. 

2.2 DNA extraction, PCR, and sequencing 

DNA was extracted from muscle tissues excised from the abdomen or pleopods following standard 
protocols (Robles et al. 2007). Standard PCR amplification and automated sequencing protocols 
were used to sequence a fragment of approximately 550 bp (basepairs) of the 16S and 450 bp of 
the 12S rDNA mitochondrial genes. Both strands were sequenced. Primers used for PCR were 16ar 
(5-CGC CTG TTT ATC AAA AAC AT-3), 16br (5-CCG GTC TGA ACT CAG ATC ACG T-3) 
(Palumbi et al. 1991), 1472 (5-AGA TAG AAA CCA ACC TGG-3) (Crandall & Fitzpatrick 1996), 
and 16L2 (5-TGC CTG TTT ATC AAA AAC AT-3) (Schubart et al. 2002). Primers used for the 
12S fragment were 12Sai (5'-AAA CTA GCA TTA GAT ACC CCT ATT AT-3') (Palumbi et al. 
1991) and 12H2 (5'-ATG CAC TTT CCA GTA CAT CTA C-3') (Colbourne & Hebert 1996). 

2.3 Phylogenetic analyses 

Consensus of complementary sequences was obtained with the Sequencher software program (ver. 
4.7, Genecodes, Ann Arbor, MI). Multiple sequence alignment was conducted with the aid of 
BioEdit v.7.08.0 (Hall 1999) at the following settings: 6-2/6-2 penalty (opening-gap extension, 
pairwise/multiple alignment respectively). Saturated parts of the alignment were removed with the 
web-accessible program Gblocks v. 0.91b (Castresana 2000, Talavera & Castresana 2007). Base 
composition, pattern of substitution for pair-wise comparison, and analysis of variability along 
both fragments of the 16S and 12S mtDNA were performed as implemented in PAUP 4.0 beta 10 
(Swofford 1998). Homogeneity of nucleotide frequency among taxa was also assessed for each gene 



T
ab

le
 1

. L
is

t 
of

 s
pe

ci
m

en
s 

us
ed

 f
or

 m
ol

ec
ul

ar
 a

na
ly

si
s.

 L
et

te
r 

ab
br

ev
ia

tio
ns

 f
ol

lo
w

in
g 

sp
ec

ie
s 

na
m

es
 r

ef
er

 t
o 

co
lle

ct
io

n 
si

te
s;

 th
es

e 
ar

e 
so

m
et

im
es

 
se

qu
en

tia
lly

 n
um

be
re

d 
to

 in
di

ca
te

 s
pe

ci
m

en
s 

id
en

tif
ie

d 
as

 th
e 

sa
m

e 
sp

ec
ie

s.
 C

at
al

og
 n

um
be

rs
 r

ef
er

 t
o 

th
e 

fo
llo

w
in

g 
co

lle
ct

io
ns

: 
C

N
C

R
 =

 C
ol

ec
ci

on
 

N
ac

io
na

l 
de

 C
ru

st
ac

eo
s,

 U
N

A
M

; U
LL

Z
 =

 U
ni

ve
rs

ity
 o

f 
L

ou
is

ia
na

 a
t 

L
af

ay
et

te
, 

Z
oo

lo
gi

ca
l 

C
ol

le
ct

io
n.

 A
st

er
is

k 
(*

) 
in

di
ca

te
s 

se
qu

en
ce

s 
al

so
 u

se
d 

in
 

R
ob

le
s 

et
 a

l. 
(th

is
 v

ol
um

e)
. I

f 
a 

se
co

nd
 c

at
al

og
 n

um
be

r i
s 

re
po

rte
d 

fo
r 

a 
sa

m
pl

e,
 ti

ss
ue

 w
as

 d
on

at
ed

 to
 th

e 
U

ni
ve

rs
ity

 o
f L

ou
is

ia
na

 a
t L

af
ay

et
te

 a
nd

 a
 U

LL
Z

 
ca

ta
lo

g 
nu

m
be

r 
w

as
 a

ss
ig

ne
d 

to
 it

, w
hi

le
 th

e 
se

co
nd

 n
um

be
r 

be
lo

ng
s 

to
 th

e 
or

ig
in

al
 v

ou
ch

er
 th

at
 re

m
ai

ns
 in

 th
e 

in
di

ca
te

d 
m

us
eu

m
. G

en
B

an
k 

ac
ce

ss
io

n 
nu

m
be

r 
(A

ce
. N

o.
) i

s 
lis

te
d 

fo
r 

ea
ch

 g
en

e.
 

F
am

ily
 

T
ax

on
 N

am
e 

C
ol

le
ct

io
n 

Si
te

 
C

at
al

og
 N

o.
 

A
ce

. N
o.

 
(1

6S
) 

A
ce

. N
o.

 
(1

2S
) 

O
ut

gr
ou

p 
A

xi
id

ae
 

A
xi

op
si

s 
se

rr
at

if
ro

ns
 (

A
. M

iln
e-

E
dw

ar
ds

, 
18

73
) 

B
E

L
 

A
xi

op
si

s 
sp

. P
C

R
 

C
al

ax
iu

s 
sp

. G
M

X
 

C
al

oc
ar

is
 c

ar
ib

ba
eu

s 
K

en
sl

ey
, 

19
96

 G
M

X
-1

 
C

al
oc

ar
is

 c
ar

ib
ba

eu
s 

K
en

sl
ey

, 
19

96
 G

M
X

-2
 

C
or

al
ax

iu
s 

no
du

lo
su

s 
(M

ei
ne

rt
, 

18
77

) 
G

M
X

 
P

ar
 ax

io
ps

is
 s

p.
 G

M
X

 
In

gr
ou

p 
C

al
lia

na
ss

id
ae

 
C

al
lia

na
ss

in
ae

 
B

if
fa

ri
us

 b
if

or
m

is
 (

B
iff

ar
, 

19
71

) 
A

FL
 

B
if

fa
ri

us
 fr

ag
il

is
 (

B
iff

ar
, 

19
70

) 
A

FL
 

B
if

fa
ri

us
 fr

ag
il

is
 (

B
iff

ar
, 

19
70

) 
C

M
X

-1
 

B
if

fa
ri

us
 fr

ag
il

is
 (

B
iff

ar
, 

19
70

) 
C

M
X

-2
 

B
if

fa
ri

us
 fr

ag
il

is
(B

if
fa

r,
 

19
70

) 
JA

M
 

C
al

li
an

as
sa

l 
sp

. G
M

X
-1

 
C

al
li

an
as

sa
l 

sp
. G

M
X

-2
 

C
dl

li
an

as
sa

 s
ub

te
rr

an
ea

 (
M

on
ta

gu
, 

18
08

) 
SC

O
 

G
il

vo
ss

iu
s 

se
ti

m
an

us
 (

D
e 

K
ay

, 
18

44
) 

G
FL

-1
 

G
il

vo
ss

iu
s 

se
ti

m
an

us
 (

D
e 

K
ay

, 
18

44
) 

G
FL

-2
 

G
il

vo
ss

iu
s 

se
ti

m
an

us
 (

D
e 

K
ay

, 
18

44
) 

G
FL

-3
 

C
ar

ib
be

an
, B

el
iz

e 
Pa

ci
fi

c,
 C

os
ta

 R
ic

a 
G

ul
f 

of
 M

ex
ic

o,
 M

ex
ic

o 
G

ul
f 

of
 M

ex
ic

o,
 L

ou
is

ia
na

, 
U

SA
 

G
ul

f 
of

 M
ex

ic
o,

 L
ou

is
ia

na
, 

U
SA

 
G

ul
f 

of
 M

ex
ic

o,
 M

ex
ic

o 
G

ul
f 

of
 M

ex
ic

o,
 M

ex
ic

o 

A
tla

nt
ic

, F
lo

ri
da

, U
SA

 
A

tla
nt

ic
, F

lo
ri

da
, U

SA
 

C
ar

ib
be

an
, 

M
ex

ic
o 

C
ar

ib
be

an
, M

ex
ic

o 
Ja

m
ai

ca
 

G
ul

f 
of

 M
ex

ic
o,

 L
ou

is
ia

na
, U

SA
 

G
ul

f 
of

 M
ex

ic
o,

 L
ou

is
ia

na
, 

U
SA

 
A

tla
nt

ic
, 

Sc
ot

la
nd

 
G

ul
f 

of
 M

ex
ic

o,
 F

lo
ri

da
, U

SA
 

G
ul

f 
of

 M
ex

ic
o,

 F
lo

ri
da

, U
SA

 
G

ul
f 

of
 M

ex
ic

o,
 F

lo
ri

da
, 

U
SA

 

U
L

L
Z

-5
82

7 
U

L
L

Z
 7

75
0 

U
L

L
Z

 7
04

1 
U

L
L

Z
 7

87
7 

U
L

L
Z

 8
28

5 
U

L
L

Z
 7

32
9 

U
L

L
Z

 7
55

9 

U
L

L
Z

 6
54

0 
U

L
L

Z
 6

40
6 

C
N

C
R

 8
99

7 
C

N
C

R
 8

99
7 

U
L

L
Z

 6
53

2 
U

L
L

Z
 8

27
9 

U
L

L
Z

 6
05

8 
U

L
L

Z
 6

36
8 

U
L

L
Z

 4
50

0 
U

L
L

Z
 4

50
0 

U
L

L
Z

 4
50

0 

E
U

88
29

09
 

E
U

87
49

20
* 

E
U

87
49

10
* 

E
U

88
29

02
 

E
U

87
49

29
* 

E
U

87
49

13
* 

E
U

87
49

17
* 

E
U

88
29

10
 

E
U

88
29

11
 

E
U

88
29

06
 

E
U

88
29

07
 

E
U

88
29

12
 

E
U

88
29

03
 

E
U

88
29

15
 

E
U

88
29

24
 

E
U

88
29

34
 

E
U

88
29

35
 

E
U

88
29

36
 

E
U

87
50

19
 

E
U

87
50

12
 

E
U

87
50

07
 

E
U

87
50

14
 

E
U

87
50

16
 

E
U

87
50

10
 

E
U

87
50

11
 

E
U

87
50

20
 

E
U

87
50

21
 

E
U

87
50

17
 

E
U

87
50

18
 

E
U

87
50

22
 

E
U

87
50

15
 

E
U

87
50

25
 

E
U

87
50

34
 

E
U

87
50

44
 

E
U

87
50

45
 

E
U

87
50

46
 

i <*
 

3 ^ &
 

3 c-,
 

C
o 1 to
 

C
o «2
 &
: 

cf
 

.&
 

o 2 S'
 

Q
 

C
o 



T
ab

le
 1

. c
on

tin
ue

d.
 

o
 

51
 

F
am

ily
 

T
ax

on
 N

am
e 

C
ol

le
ct

io
n 

Si
te

 
C

at
al

og
 N

o.
 

A
ce

. N
o.

 
(1

6S
) 

A
ce

. N
o.

 
(1

2S
) 

N
eo

tr
yp

ae
a^

 s
p.

 J
A

P 
N

eo
tr

yp
ae

a 
ca

li
fo

rn
ie

ns
is

 (
D

an
a,

 1
85

4)
 U

SA
 

N
eo

tr
yp

ae
a 

gi
ga

s 
(D

an
a,

 1
85

2)
 P

M
X

-1
 

N
eo

tr
yp

ae
a 

gi
ga

s 
(D

an
a,

 1
85

2)
 P

M
X

-2
 

N
eo

tr
yp

ae
a 

gi
ga

s 
(D

an
a,

 1
85

2)
 P

M
X

-3
 

N
eo

tr
yp

ae
a 

gi
ga

s 
(D

an
a,

 1
85

2)
 P

M
X

-4
 

N
eo

tr
yp

ae
a 

gi
ga

s 
(D

an
a,

 1
85

2)
 P

M
X

-5
 

N
eo

tr
yp

ae
a 

gi
ga

s 
(D

an
a,

 1
85

2)
 P

M
X

-6
 

N
ih

on
ot

ry
pa

ea
 h

ar
m

an
di

 (
B

ou
vi

er
, 

19
01

) 
JA

P 
N

ih
on

ot
ry

pa
ea

 ja
po

ni
ca

 (
O

rt
m

an
n,

 1
89

1)
 J

A
P 

P
ar

at
ry

pa
ea

!.
 s

p.
 H

W
I 

P
ar

at
ry

pa
ea

 b
ou

vi
er

i 
(N

ob
ili

, 
19

04
) 

JA
P-

1 
P

ar
at

ry
pa

ea
 b

ou
vi

er
i 

(N
ob

ili
, 

19
04

) 
JA

P-
2 

P
es

ta
re

ll
a 

ty
rr

he
na

 (
Pe

ta
gn

a,
 1

79
2)

 S
PN

 
P

es
ta

re
ll

a 
ty

rr
he

na
 (

Pe
ta

gn
a,

 1
79

2)
 G

R
E

-1
 

P
es

ta
re

ll
a 

ty
rr

he
na

 (
Pe

ta
gn

a,
 1

79
2)

 G
R

E
-2

 
C

al
lic

hi
ri

na
e 

C
al

li
ch

ir
us

 m
aj

or
 (

Sa
y,

 1
81

8)
 B

R
A

-1
 

C
al

li
ch

ir
us

 m
aj

or
 (

Sa
y,

 1
81

8)
 B

R
A

-2
 

C
al

li
ch

ir
us

 is
la

gr
an

de
 (

Sc
hm

itt
, 

19
35

) 
G

M
X

 

C
al

li
ch

ir
us

 s
ei

la
ch

er
i 

(B
ot

t, 
19

55
) 

PN
I 

C
al

li
ch

ir
us

 s
ei

la
ch

er
i 

(B
ot

t, 
19

55
) 

PM
X

 
C

al
li

ch
ir

us
 s

p.
 P

M
X

 
C

or
al

li
an

as
sa

 s
p.

 J
A

M
 

G
ly

pt
ur

us
 a

ca
nt

ho
ch

ir
us

 S
tim

ps
on

, 
18

66
 V

E
N

 

Pa
ci

fi
c,

 H
yd

ro
ca

rb
on

 v
en

ts
, J

ap
an

 
U

L
L

Z
 9

41
4 

E
U

88
29

08
 

E
U

87
50

50
 

Pa
ci

fi
c,

 W
as

hi
ng

to
n,

 U
SA

 
U

L
L

Z
 6

40
5 

E
U

88
29

47
 

E
U

87
50

58
 

Pa
ci

fi
c,

 B
aj

a 
C

al
if

or
ni

a,
 M

ex
ic

o 
U

L
L

Z
 4

12
1 

E
U

88
29

48
 

E
U

87
50

59
 

Pa
ci

fi
c,

 B
aj

a 
C

al
if

or
ni

a,
 M

ex
ic

o 
U

L
L

Z
 4

12
1 

E
U

88
29

49
 

E
U

87
50

6O
 

Pa
ci

fi
c,

 B
aj

a 
C

al
if

or
ni

a,
 M

ex
ic

o 
U

L
L

Z
 4

12
1 

E
U

88
29

50
 

E
U

87
50

61
 

Pa
ci

fi
c,

 B
aj

a 
C

al
if

or
ni

a,
 M

ex
ic

o 
U

L
L

Z
 5

17
6 

E
U

88
29

43
 

E
U

87
50

54
 

Pa
ci

fi
c,

 B
aj

a 
C

al
if

or
ni

a,
 M

ex
ic

o 
U

L
L

Z
 5

17
6 

E
U

88
29

44
 

E
U

87
50

55
 

Pa
ci

fi
c,

 B
aj

a 
C

al
if

or
ni

a,
 M

ex
ic

o 
U

L
L

Z
 5

17
6 

E
U

88
29

45
 

E
U

87
50

56
 

Pa
ci

fi
c,

 J
ap

an
 

U
L

L
Z

 5
46

8 
E

U
88

29
52

 
E

U
87

50
63

 
Pa

ci
fi

c,
 J

ap
an

 
U

L
L

Z
 5

47
0 

E
U

88
29

53
 

E
U

87
50

64
 

Pa
ci

fi
c,

 H
aw

ai
i, 

U
SA

 
U

L
L

Z
 7

08
0 

E
U

88
29

19
 

E
U

87
50

29
 

Pa
ci

fi
c,

 J
ap

an
 

U
L

L
Z

 6
36

7 
E

U
88

29
13

 
E

U
87

50
23

 
Pa

ci
fi

c,
 J

ap
an

 
U

L
L

Z
 6

36
7 

E
U

88
29

14
 

E
U

87
50

24
 

M
ed

ite
rr

an
ea

n,
 S

pa
in

 
U

L
L

Z
 6

36
6 

E
U

88
29

65
 

E
U

87
50

78
 

M
ed

ite
rr

an
ea

n,
 G

re
ec

e 
U

L
L

Z
 6

36
0 

E
U

88
28

99
 

E
U

87
50

05
 

M
ed

ite
rr

an
ea

n,
 G

re
ec

e 
U

L
L

Z
 6

36
0 

E
U

88
29

00
 

E
U

87
50

06
 

A
tla

nt
ic

, S
ao

 P
au

lo
, B

ra
zi

l 
U

L
L

Z
 6

05
5 

E
U

88
29

17
 

E
U

87
50

27
 

A
tla

nt
ic

, S
ao

 P
au

lo
, B

ra
zi

l 
U

L
L

Z
 6

05
6 

E
U

88
29

18
 

E
U

87
50

28
 

G
ul

f 
of

 M
ex

ic
o,

 M
is

si
ss

ip
pi

, 
U

L
L

Z
 6

05
2 

E
U

88
29

16
 

E
U

87
50

26
 

U
SA

 
Pa

ci
fi

c,
 N

ic
ar

ag
ua

 
U

L
L

Z
 6

05
3 

E
U

88
29

21
 

E
U

87
50

31
 

Pa
ci

fi
c,

 B
aj

a 
C

al
if

or
ni

a,
 M

ex
ic

o 
U

L
L

Z
 6

05
4 

E
U

88
29

20
 

E
U

87
50

30
 

Pa
ci

fi
c,

 B
aj

a 
C

al
if

or
ni

a,
 M

ex
ic

o 
U

L
L

Z
 4

16
3 

E
U

88
29

22
 

E
U

87
50

32
 

C
ar

ib
be

an
, J

am
ai

ca
 

U
L

L
Z

 6
53

0 
E

U
88

29
23

 
E

U
87

50
33

 
C

ar
ib

be
an

, I
sl

a 
M

ar
ga

ri
ta

, 
U

L
L

Z
 5

64
2 

E
U

88
29

28
 

E
U

87
50

38
 

V
en

ez
ue

la
 



T
ab

le
 1

. c
on

tin
ue

d.
 

F
am

ily
 

T
ax

on
 N

am
e 

C
ol

le
ct

io
n 

Si
te

 
C

at
al

og
 N

o.
 

A
ce

. N
o.

 
A

ce
. N

o.
 

(1
6S

) 
(1

2S
) 

G
ly

pt
ur

us
 a

ca
nt

ho
ch

ir
us

 S
tim

ps
on

, 
18

66
 J

A
M

 

G
ly

pt
ur

us
 a

ca
nt

ho
ch

ir
us

 S
tim

ps
on

, 
18

66
 C

PA
 

G
ly

pt
ur

us
 s

p.
 G

M
X

-1
 

G
ly

pt
ur

us
 s

p.
 G

M
X

-2
 

G
ry

na
m

in
na

 ta
m

ak
ii

 P
oo

re
, 2

00
0 

JA
P-

1 
G

ry
na

m
in

na
 ta

m
ak

ii
 P

oo
re

, 2
00

0 
JA

P-
2 

G
ry

na
m

in
na

 ta
m

ak
ii

 P
oo

re
, 2

00
0 

JA
P-

3 
L

ep
id

op
ht

ha
lm

us
 ja

m
ai

ce
ns

e 
(S

ch
m

itt
, 

19
35

) 
JA

M
 

L
ep

id
op

ht
ha

lm
us

 l
ou

is
ia

ne
ns

is
 (

Sc
hm

itt
, 

19
35

) 
U

SA
 

L
ep

id
op

ht
ha

lm
us

 t
um

er
an

us
 (

W
hi

te
, 

18
61

) 
G

H
A

 
N

eo
ca

ll
ic

hi
ru

s 
ca

ca
hu

at
e 

Fe
ld

er
 &

 M
an

ni
ng

, 
19

95
 G

FL
 

N
eo

ca
ll

ic
hi

ru
s 

gr
an

di
m

an
a 

(G
ib

be
s,

 1
85

0)
 A

FL
 

N
eo

ca
ll

ic
hi

ru
s 

m
ar

ya
e 

(S
ch

m
itt

, 
19

35
) 

A
FL

 
N

eo
ca

ll
ic

hi
ru

s 
va

ri
ab

il
is

 (
E

dm
on

ds
on

, 
19

44
) 

U
SA

-1
 

N
eo

ca
ll

ic
hi

ru
s 

va
ri

ab
il

is
 (

E
dm

on
ds

on
, 

19
44

) 
U

SA
-2

 
N

eo
ca

ll
ic

hi
ru

s 
va

ri
ab

il
is

 (
E

dm
on

ds
on

, 
19

44
) 

U
SA

-3
 

N
eo

ca
ll

ic
hi

ru
s 

va
ri

ab
il

is
 (

E
dm

on
ds

on
, 

19
44

) 
U

SA
-4

 
N

eo
ca

ll
ic

hi
ru

s 
sp

. 
1 

PN
I 

N
eo

ca
ll

ic
hi

ru
s 

sp
. 2

 P
N

I 
Se

rg
io

 m
er

ic
ea

e 
M

an
ni

ng
 &

 F
el

de
r,

 1
99

5 
A

FL
 

Se
rg

io
 tr

il
ob

at
a 

(B
iff

ar
, 

19
70

) 
G

FL
-1

 
Se

rg
io

 tr
il

ob
at

a 
(B

iff
ar

, 
19

70
) 

G
FL

-2
 

Se
rg

io
 tr

il
ob

at
a 

(B
iff

ar
, 

19
70

) 
G

FL
-3

 

C
ar

ib
be

an
, M

on
te

go
 B

ay
, 

Ja
m

ai
ca

 
C

ar
ib

be
an

, P
an

am
a 

G
ul

f 
of

 M
ex

ic
o,

 L
ou

is
ia

na
, U

SA
 

G
ul

f 
of

 M
ex

ic
o,

 L
ou

is
ia

na
, 

U
SA

 
Pa

ci
fi

c,
 J

ap
an

 
Pa

ci
fi

c,
 J

ap
an

 
Pa

ci
fi

c,
 J

ap
an

 
C

ar
ib

be
an

, 
Ja

m
ai

ca
 

G
ul

f 
of

 M
ex

ic
o,

 L
ou

is
ia

na
, U

SA
 

A
tla

nt
ic

, G
ha

na
, 

A
fr

ic
a 

A
tla

nt
ic

, F
lo

ri
da

, U
SA

 

A
tla

nt
ic

, F
lo

ri
da

, U
SA

 
A

tla
nt

ic
, F

lo
ri

da
, 

U
SA

 
Pa

ci
fi

c,
 H

aw
ai

i, 
U

SA
 

Pa
ci

fi
c,

 H
aw

ai
i, 

U
SA

 
Pa

ci
fi

c,
 H

aw
ai

i, 
U

SA
 

Pa
ci

fi
c,

 H
aw

ai
i, 

U
SA

 
Pa

ci
fi

c,
 N

ic
ar

ag
ua

 
Pa

ci
fi

c,
 N

ic
ar

ag
ua

 
A

tla
nt

ic
, F

lo
ri

da
, U

SA
 

G
ul

f 
of

 M
ex

ic
o,

 F
lo

ri
da

, U
SA

 
G

ul
f 

of
 M

ex
ic

o,
 F

lo
ri

da
, 

U
SA

 
G

ul
f 

of
 M

ex
ic

o,
 F

lo
ri

da
, U

SA
 

U
L

L
Z

 6
52

8 
E

U
88

29
29

 
E

U
87

50
39

 

U
L

L
Z

 6
48

8 
U

L
L

Z
 4

65
9 

U
L

L
Z

 4
65

9 
U

L
L

Z
 5

47
4 

U
L

L
Z

 5
47

5 
U

L
L

Z
 5

47
6 

U
L

L
Z

 5
18

9 
U

L
L

Z
 5

61
7 

U
L

L
Z

 4
73

7 
U

L
L

Z
 3

55
2 

U
SN

M
 

37
47

06
 

U
L

L
Z

 6
49

1 
U

L
L

Z
 6

49
2 

U
L

L
Z

 6
04

3 
U

L
L

Z
 6

03
9 

U
L

L
Z

 6
04

5 
U

L
L

Z
 6

04
7 

U
L

L
Z

 4
83

8 
U

L
L

Z
 6

53
6 

U
L

L
Z

 6
49

3 
U

L
L

Z
 4

50
1 

U
L

L
Z

 4
50

1 
U

L
L

Z
 4

50
1 

E
U

88
29

30
 

E
U

88
29

32
 

E
U

88
29

33
 

E
U

88
29

37
 

E
U

88
29

38
 

E
U

88
29

39
 

E
U

88
29

41
 

E
U

88
29

40
 

E
U

88
29

42
 

E
U

88
29

46
 

E
U

88
29

51
 

E
U

88
29

54
 

E
U

88
29

55
 

E
U

88
29

57
 

E
U

88
29

56
 

E
U

88
29

58
 

E
U

88
29

59
 

E
U

88
29

61
 

E
U

88
29

60
 

E
U

88
29

62
 

E
U

88
29

63
 

E
U

88
29

64
 

E
U

87
50

40
 

E
U

87
50

42
 

E
U

87
50

43
 

E
U

87
50

47
 

E
U

87
50

48
 

E
U

87
50

49
 

E
U

87
50

52
 

E
U

87
50

51
 

E
U

87
50

53
 

E
U

87
50

57
 

E
U

87
50

62
 

E
U

87
50

65
 

E
U

87
50

66
 

E
U

87
50

68
 

E
U

87
50

67
 

E
U

87
50

69
 

E
U

87
50

72
 

E
U

87
50

74
 

E
U

87
50

73
 

E
U

87
50

75
 

E
U

87
50

76
 

E
U

87
50

77
 

as
 

to
 

3 as
 

as C
o

 



T
ab

le
 1

. c
on

tin
ue

d.
 

<3
~ 

F
am

ily
 

T
ax

on
 N

am
e 

C
ol

le
ct

io
n 

Si
te

 
C

at
al

og
 N

o.
 

U
L

L
Z

77
51

 
U

L
L

Z
73

13
 

U
L

L
Z

 8
89

4 
U

L
L

Z
 8

89
4 

U
L

L
Z

 6
54

3 

U
L

L
Z

 6
53

1 

U
L

L
Z

 7
30

6 
U

L
L

Z
 4

67
3 

U
L

L
Z

 5
75

7 

A
ce

. N
o.

 
(1

6S
) 

E
U

88
29

01
 

E
U

.8
74

91
2*

 

E
U

88
29

04
 

E
U

88
29

05
 

E
U

88
29

26
 

E
U

88
29

27
 

E
U

87
49

11
* 

E
U

88
29

25
 

E
U

88
29

31
 

A
ce

. N
o.

 
(1

2S
) 

E
U

87
50

13
 

E
U

87
50

09
 

E
U

87
50

70
 

E
U

87
50

71
 

E
U

87
50

36
 

E
U

87
50

37
 

E
U

87
50

08
 

E
U

87
50

35
 

E
U

87
50

41
 

C
he

ra
m

in
ae

 
C

he
ra

m
us

 s
p.

 P
C

R
 

C
he

ra
m

us
 m

ar
gi

na
ta

 (
R

at
hb

un
, 

19
01

) 
G

M
X

 
E

uc
al

lia
ci

na
e 

C
al

li
ax

in
a 

sa
ka

ii
 (

de
 S

ai
nt

 L
au

re
nt

, 
19

79
) 

JA
P-

1 
C

al
li

ax
in

a 
sa

ka
ii

 (
de

 S
ai

nt
 L

au
re

nt
, 

19
79

) 
JA

P-
2 

E
uc

al
li

ax
 s

p.
 C

O
L

 

E
uc

al
li

ax
 s

p.
 J

A
M

 

C
te

no
ch

el
id

ae
 

D
aw

so
ni

us
 l

at
is

pi
na

 (
D

aw
so

n,
 1

96
7)

 G
M

X
 

G
ou

rr
et

ia
 s

p.
 G

M
X

 
G

ou
rr

et
ia

 b
if

fa
ri

 B
la

nc
o 

&
 A

ra
na

, 
19

94
 C

PA
 

Pa
ci

fi
c,

 C
os

ta
 R

ic
a 

G
ul

f 
of

 M
ex

ic
o,

 L
ou

is
ia

na
, 

U
SA

 

Pa
ci

fi
c,

 J
ap

an
 

Pa
ci

fi
c,

 J
ap

an
 

C
ar

ib
be

an
, R

os
ar

io
 I

sl
an

ds
, 

C
ol

om
bi

a 
C

ar
ib

be
an

, M
on

te
go

 B
ay

, 
Ja

m
ai

ca
 

G
ul

f 
of

 M
ex

ic
o,

 M
ex

ic
o 

G
ul

f 
of

 M
ex

ic
o,

 L
ou

is
ia

na
, U

S
A

 
C

ar
ib

be
an

, 
Pa

na
m

a 



Phylogeny of Callianassidae Based on Mitochondrial Genes 333 

with a x2 test as implemented in PAUP. Previous to the analysis of the combined data, we performed 
an incongruence length difference (ILD) test or partition homogeneity test (Bull et al. 1993), as 
implemented in PAUP, to determine whether the 16S and 12S genes could be considered samples of 
the same underlying phylogeny. 

Phylogenetic analyses were conducted using MRBAYES for Bayesian analysis (BAY) and PAUP 
4.0 beta 10 (Swofford 1998) for both maximum parsimony (MP) and neighbor joining (NJ) anal
yses; maximum likelihood (ML) analysis was conducted with RAxML v.7.0.4 (Stamatakis 2006) 
using the online version at the Cyberinfrastructure for Phylogenetic Research (CIPRES) website 
(Stamatakis et al. 2008). Prior to conducting the BAY and NJ analyses, the model of evolution that 
best fit the data was determined with the software MODELTEST (Posada & Crandall 1998). Maxi
mum likelihood analysis was conducted with the default parameters for RAxML for the GTR model 
of evolution. Bayesian analysis was conducted by sampling one tree every 1,000 generations for 
2,000,000 generations, starting with a random tree, thus obtaining 2,001 trees. A preliminary anal
ysis showed that stasis was reached at approximately 75,000 generations. Thus, we discarded 101 
trees corresponding to the first 100,000 generations and obtained a 50% majority rule consensus tree 
from the remaining 1,900 saved trees. NJ analysis was carried out with a distance correction set with 
the parameters obtained from MODELTEST (Posada & Crandall 1998). MP analysis was performed 
as a heuristic search with gaps treated as a fifth character, multistate characters interpreted as uncer
tain, and all characters considered as unordered. The search was conducted with a random sequence 
addition and 1,000 replicates, including tree bisection and reconnection (TBR) as a branch-swapping 
option; branch swapping was performed on the best trees only. To determine confidence values for 
the resulting trees, we ran 2,000 bootstrap pseudo-replicates for NJ and MP analysis, based on the 
same parameters as above. For ML analysis, we selected the option to automatically determine 
the number of bootstraps to be run in RAxML. Thus, 200 bootstrap pseudo-replicates were run. On 
the molecular trees, confidence values >50% were reported for ML, MP, and NJ analyses (boot
straps), while for the BAY analysis values were reported for posterior probabilities of the respective 
nodes among all the saved trees. Sequences as well as alignments have been submitted to GenBank 
as a Popset. 

3 RESULTS 

3.1 Description of datasets and model selection 

We obtained sequences for 37 species of Callianassidae belonging to 18 genera. Our final alignment 
included 903 bp, 520 for the 16S and 383 bp for the 12S sequence data (excluding primer regions, 
saturated and ambiguous fragments of both genes). From these, 386 characters were found to be 
constant, 62 were variable but parsimony-uninformative, and 455 were parsimony-informative. The 
ILD test showed no significant incongruence (P = 0.110). Thus we used the combined 16S and 12S 
dataset for our phylogenetic analysis. The nucleotide composition of this dataset can be considered 
homogeneous (x2 = 180.21, df = 219, p = 0.97), with a larger percentage of A-T (33.34%-34.54%, 
respectively). The best fitting model of substitution, selected with the Akaike information criterion 
(AIC, Akaike 1974) as implemented in MODELTEST (Posada & Crandall 1998), was the transver-
sional model with invariable sites and a gamma distribution (TVM+r+£) (Rodriguez et al. 1990) 
and with the following parameters: assumed nucleotide frequencies: A = 0.3716, C = 0.1258, G = 
0.1317, T = 0.3710; substitution rates A-C = 1.1541, A-G = 8.3551, A-T = 1.5835, C-G = 0.5502, 
C-T = 8.3551, G-T = 1.0000; proportion of invariable sites Y = 0.3104; variable sites followed a 
gamma distribution with shape parameter 8 = 0.5690. These values were used for both NJ and BAY 
analyses. ' » • 
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3.2 Tree topologies, relations to Ctenochelidae, and basally positioned groups 

All four phylogenetic methods produced similar tree topologies (Fig. 1). We illustrated one of two 
equally parsimonious trees of length 3013, CI = 0.326, and RI = 0.713, noting that both MP trees 
produced the same topology. Within the family Callianassidae, representatives of the four subfam
ilies included in our analysis were not uniformly monophyletic. The subfamily Eucalliacinae was 
not only paraphyletic (partitioned between Glades A and B, Fig. 1) but also more basally positioned 
than traditional classification would predict. Members of the genus Calliaxina were unexpectedly 
placed as a sister clade to members of Ctenochelidae, albeit only at low to moderate support lev
els. Regardless of their topological placement in our tree, three species representing two genera of 
Ctenochelidae formed a well-supported monophyletic group. 

3.3 The Callichirinae 

Clade C (Fig. 1) included all sampled genera presently assignable to the subfamily Callichiri
nae, except for Lepidophthalmus. Lepidophthalmus was instead positioned in clade D immedi
ately basal to the Callianassinae, but at low support in ML and BAY analyses and without sup
port in the MP and NJ analyses (75/-/-/59). Thus, Lepidophthalmus is here regarded as a mono
phyletic clade of unresolved subfamily assignment in our molecular analysis. Grouping of the Cal
lichirinae was not well-resolved, but present topology suggests it is paraphyletic, though some 
clades are presently positioned at low support values. While clade C topologically grouped all 
members of the Callichirinae other than Lepidophthalmus, this node was not supported. Further
more, genera assigned to the Callichirinae were not well-resolved in terms of intergeneric re
lationships, but with one exception were separated from one another with strong support. Only 
a single representative of Corallianassa was included, but multiple specimens were grouped for 
each of the genera Callichirus Stimpson, 1866, Glypturus, Grynaminna Poore, 2000, and Neocal
lichirus Sakai, 1988. Those for Grynaminna were all a priori assignable to G. tamakii, but all of 
the other three included multiple species, even when species names could not be assigned. Clearly 
grouped as a genus, species of Callichirus included at least one new species to be named from 
the eastern Pacific. Likewise, Glypturus included a long-recognized but unnamed species from 
the Gulf of Mexico, and Neocallichirus included two unnamed species from the Pacific coast of 
Nicaragua. An exception to monophyly was seen in branch positioning for two of the species 
presently assigned to Sergio Manning & Lemaitre, 1994, as S. mericeae and S. trilobata were 
positioned paraphyletically. It was also evident that S. mericeae, the species closest to S. guas-
sutinga (Rodrigues, 1971) (type species of the genus), was placed unambiguously within what is 
otherwise a monophyletic grouping of species assignable to Neocallichirus. This raises a question 
as to the validity of the genus and, regardless of that issue, argues for generic reassignment of 
S. trilobata. 

3.4 The Cheraminae and Callianassinae 

Clade D (Fig. 1) included representatives of seven genera usually assigned to the subfamily Cal
lianassinae and one assigned to the Cheraminae, in addition to Lepidophthalmus, which, as noted 
above, was questionably positioned as a basal branch with low support. Callianassinae formed a 
well-supported monophyletic group, but Cheraminae was included within it, also with strong sup
port. While the two species representing the Cheraminae were clearly assignable to the genus 
Cheramus Bate, 1888, only one was assignable to a known species, given the need for further 
comparative studies and formal descriptions of several new congeners. Support was found for 
continued recognition of many separate genera in the Callianassinae, including Pestarella Ngoc-
Ho, 2003, Gilvossius Manning & Felder, 1992, Biffarius Manning & Felder, 1991, Neotrypaea 
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Manning & Felder, 1991, and Callianassa s. s., rather than for their wholesale reassignment to 
the genus Callianassa. It is important to note that sequence data we have here identified with C. 
subterranea, type species of the genus, do not represent the same specimen and species for which 
sequence data are presently archived as GenBank Ace. No. DQ079706, originally reported in Porter 
et al. (2005). We propose that this previously published sequence possibly represents a source spec
imen assignable to Pestarella, as was also noted by Robles et al. (this volume). Extractions of C. 
subterranea for our present analyses were instead made from a more recently collected specimen 
taken in Scotland, for which we have carefully confirmed identification by morphological exam
ination (Table 1). Thus identified, this type of the genus Callianassa defines a distinctly separate 
branch among other major clades of the subfamily, regardless of their present generic assignments. 
Support values are inadequate to confidently place an undescribed species listed as Callianassa! 
sp. from the Gulf of Mexico (GMX-1 and GMX-2) into this genus, despite its positioning in an 
immediate sister clade (albeit at long branch lengths). However, there is clear evidence to support 
the recent removal of Paratyrpaea bouvieri from Callianassa by Komai & Tachikawa (2008), while 
also suggesting that an apparently undescribed species from Hawaii is its likely congener. 

Our samples of Pestarella tyrrhena and Gilvossius setimanus sort into a sister clade relationship 
at high support values. While samples represent multiple populations of both species, those of P. 
tyrrhena suggest, at very least, evidence of conspicuous population genetic structure. While all three 
specimens generally fit the present diagnosis for P. tyrrhena, the specimen from Spain appears to 
have a slightly broader telson and other features somewhat like those of P convexa de Saint Laurent 
& LeLoeuff, 1979, from western Africa. Samples of the species we included to represent Bijfarius 
reflect, in contrast, little measured genetic divergence between two species that separate readily on 
the basis of morphology. Finally, the representatives of Neotrypaea grouped together with those of 
Nihonotrypaea in a strongly supported monophyletic clade, encompassing somewhat less supported 
subclades that do not clearly resolve the status of the genus Nihonotrypaea. 

The only present conclusion we draw for the two included species of Nihonotrypaea is that both 
are placed basally in the topology of this lineage, one without support. It is noteworthy that an unde
scribed species "NeotrypaeaT\ tentatively assigned by us to this genus on the basis of morphology, 
did indeed group among the other two, N californiensis and N. gigas. 

4 DISCUSSION 

4.1 Relationships of the family Callianassidae 

As the subfamily Eucalliacinae is placed within the Callianassidae by most recent authors (Manning 
& Felder 1991; Tudge et al. 2000; Ngoc-Ho 2003; Sakai 2005), present molecular phylogenetic 
placements for both of its clades are problematic, especially as one appears allied to the family 
Ctenochelidae. We can interpret that either the family Ctenochelidae is, undeserving of present 
rank, embedded within an otherwise monophyletic Callianassidae, or that the family Callianassidae 
is paraphyletic in present composition. The latter interpretation would infer that the subfamily Eu
calliacinae is an unnatural grouping that encompasses at least one genus, Calliaxina, of ctenochelid 
affinities, and another, Eucalliax, which perhaps represents a yet-to-be-recognized family. We note 
that no such affinities were evident for a species of Calliaxina previously included in a morpholog
ical analysis under its earlier generic assignment, Calliax punica, by Tudge et al. (2000). However, 
relative development and positioning of the appendix masculina and appendix interna on the male 
pleopod 2 in members of Eucalliacinae is more like that seen in ctenochelids than in most callianas-
sids (Felder & Manning 1994). 

Given the low to medium support values that group Calliaxina with two other ctenochelid gen
era, we are not yet committed to family or subfamily level revisions reflecting this in taxonomy. 
Rather, we await inclusion of additional taxa in our analysis. Ideally, inclusion of Calliax s.s. and 
Paraglypturus Turkay & Sakai, 1995, would more comprehensively represent Eucalliacinae in this 
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analysis, along with perhaps Ctenocheles Kishinouye, 1926, Callianopsis de Saint Laurent, 1973, 
Anacalliax de Saint Laurent, 1973, and Paracalliax de Saint Laurent, 1973, to represent likely 
members of the Ctenochelidae {sensu Manning & Felder 1991; Poore 1994; rather than that of 
Sakai 2005). 

Sakai (2005) treated both Calliaxina and Eucalliax as junior synonyms of the genus Calliax 
de Saint Laurent, 1973. Clearly, molecular phylogenetic placement of at least Calliaxina corrects 
an error of that synonymy, but we do not yet have a molecular basis upon which to judge the 
other synonymy. In other revisions, Sakai (2004, 2005) removed both Gourretia and Dawsonius 
(see Sakai 2005: 245) from Ctenochelidae, placing them into separate subfamilies of a new family, 
Gourretiidae. Lacking representation of Ctenocheles, which Sakai left as the only genus assigned to 
Ctenochelidae, we cannot yet speak to the merits of this separation. However, the highly supported 
present grouping of Dawsonius and Gourretia raises doubt as to their warranting separation at the 
levelof subfamily. These genera were also supported as a monophyletic group in a combined 18S 
and 16S molecular genetic analysis of higher-level thalassinidean relationships (Robles et al. this 
volume), where in the absence of eucalliacine representatives, Ctenochelidae was positioned imme
diately outside the Callianassidae. Similarly, where represented by a single species of Ctenocheles 
and a smaller group of callianassid taxa (Tsang et al. 2008), analysis of the same two genes placed 
the Ctenochelidae immediately outside the Callianassidae. 

4.2 Relationships within the subfamily Callichirinae 

No support was found for continued treatment of the genus Lepidophthalmus as a member of the 
subfamily Callichirinae, despite its previous placement among members of that group and wide sep
aration from the Callianassinae in the morphological analysis of Tudge et al. (2000). We found weak 
support for its sharing a basal relationship with the subfamily Callianassinae but no evidence to con
tradict this topological placement on the basis of combined 16S and 18S sequence analyses (Robles 
et al. this volume; Tsang et al. 2008). In combined analysis of 16S, 18S, and 28S rDNA sequences 
(Tsang et al. 2008), there is in fact support for its separation from Sergio and Callichirus, the only 
other callianassid genera included, both of which are members of Callichirinae, though support for 
definition of that family, as traditionally defined, was lacking in our analysis. Lepidophthalmus was 
clearly monophyletic in our analysis, as in the morphological analysis of Tudge et al. (2000). In 
terms of habitat, physiology, and larval development, the genus is unique among the callianassids 
(Nates et al. 1997; Felder 2001, 2003), being highly adapted to muddy euryhaline coastlines and 
estuaries. 

By contrast, members of the genus Callichirus are adapted to generally quartzite sandy sed
iments of high energy beaches and differ markedly from Lepidophthalmus and known members 
of the Callianassinae in varied aspects of larval morphology and life history (Strasser & Felder 
1999, 2000; Felder 2001). The representatives in our analysis reflect a few of many remaining tax
onomic problems at the species level and also a sister-clade relationship between members with 
eyes that end in long terminal spines (C islagrande and C seilacheri) and members with eyes that 
end in short terminal spines or blunt angles (C major and relatives). Eastern Pacific populations 
of C. seilacheri obviously are separated into two populations, one of which may be identifiable 
with C. garthi Retamal, 1975. The latter species was placed into synonymy with C seilacheri by 
Sakai (1999b) but without apparent study of its type or topotypic materials. Similarly, though our 
present tree represents only topotypic materials of C. islagrande, a sister lineage of C islagrande is 
known to occur in the western Gulf of Mexico and may also warrant separate taxonomic treatment 
(Bilodeau et al. 2005). While only Brazilian populations (provisionally assigned to C. major) and 
yet another unnamed eastern Pacific species are included in the alternative major clade of this genus, 
it should also be noted that this group encompasses several divergent western Atlantic populations 
that potentially warrant further taxonomic revisions, and not all are represented in the present work 
(Staton & Felder 1995; Strasser & Felder 1999). 
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The highly supported grouping for two species of Glypturus included the widespread Caribbean 
species, G. acanthochirus, along with a Gulf of Mexico species that lacks a valid species name 
(without fixation of a holotype, see Dworschak 2007). While Sakai (2005) placed Corallianassa 
into synonymy with Glypturus, these genera were well separated in the morphological analyses of 
Tudge et al. (2000). There was also no support in our own analyses for placing of these genera into 
close relationship. However, our present analysis is based upon only one species of Corallianassa 
and two closely related species of Glypturus. Inclusion of additional members of these groups is 
needed to definitively resolve their generic status. 

We have for now retained use of the genus Grynaminna for the species G. tamakii, instead of 
placing the genus into the synonymy of Podocallichirus Sakai, 1999, as called for by Sakai (2005) 
on rather subjective bases. As the genus Podocallichirus was derived by Sakai from subdivision 
of the genus Callichirus, it is of interest that Grynaminna was, with limited support, placed in a 
separate lineage from Callichirus. However, support is again low, and typical representatives of the 
genus Podocallichirus were not available for inclusion in our analysis. 

As in the morphological analysis of Tudge et al. (2000), members of the genus Neocallichirus 
constituted a monophyletic group in our analysis, with the exception that Sergio mericeae was in
cluded among its subclades. The only other species of Sergio in our analysis, S. trilobata, was 
positioned independently, showing this genus to be paraphyletic, as was also evident in a combined 
analysis of 16S and 18S sequence data (Robles et al. this volume). This separation of S. trilobata 
from supposed congeners (including the type of the genus) was likewise the case in the previous 
morphological analysis of Tudge et al., where multiple species assigned to this genus were dis
tributed among several clades. We continue to regard S. mericeae as a very close sibling species 
of S. guassutinga, type species of the genus, rather than placing it in synonymy with the latter 
species as advocated by Sakai (1999b). However, they are admittedly close, and thus we regard the 
clade including S. mericeae in our analysis to conservatively represent membership of the genus 
Sergio. If we hereafter treat these most typical members of Sergio to be Neocallichirus, as did 
Sakai (1999b), present congeners like S. trilobata must be assigned to one or more new genera. 
Thus, while we find no reason to disagree with Sakai (1999b) in placement of Sergio s.s. in syn
onymy with Neocallichirus, we cannot agree that such reassignment is justified for all members of 
Sergios. I. 

4.3 Relationships within the subfamily Callianassinae 

In the course of deriving what has been termed a "controversial and retrograde classification" 
(Dworschak 2007), Sakai (1999b, 2005) merged a previously erected 12 genera of callianassids 
into synonymy with one large genus, Callianassa. Conceived as such, Callianassa in our analysis 
could be rationalized as monophyletic, but only provided one merged (from our analysis alone) 
eight monophyletic clades into it, thus giving high support at the same basal node for the genus that 
in our analysis defines a full subfamily. Were this to be adopted, a host of well-supported mono
phyletic genera evident in our phylogeny and that of Tudge et al. (2000) would be merged, serving 
to obfuscate evolutionary relationships and informative synapomorphies rather than to reflect them 
in classification and taxonomy. Virtually all nodes defining the represented generic membership of 
the Callianassinae prior to revisions by Sakai (1999b, 2005) are highly supported in our analysis. 
In addition, a basally positioned branch apparently defines Paratrypaea, recently separated from 
Callianassa on the basis of morphology (Komai & Tachikawa 2008). 

While our continued recognition of these and perhaps other callianssine genera is in distinct 
disagreement with the recent works of Sakai, we submit that insight to reasonable generic group
ings is best gained from overall study of tree topologies, branch lengths, and support values—based 
upon both morphological and molecular data when possible. Even so, outcomes of molecular and 
morphological analyses do not always agree in full and should not be expected to do so, given var
ied character sets and inconsistent taxonomic coverage among alternative studies. While the species 
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set represented in our analysis produced strong evidence of monophyly for callianassine genera 
and supports the need for naming of generic-level monophyletic clades like that for Paratrypaea, 
inclusion of more species is certain to even further complicate this picture. For example, studies 
including other species of Biffarius analyzed with a different combination of genes do not defini
tively show monophyly among the represented species (Tsang et al. 2008; Robles et al. this volume). 
These could resolve differently in expanded analyses with additional genes or more likely become 
segregated into additional monophyletic clades supported by synapomorphies. We agree with Tudge 
et al. (2000:142) in that generic names are needed for these additional small groups of species, but 
those erected to date "should stand for the time being." 

We do not support relegation of Cheramus to the synonymy of Callianassa as proposed by Sakai 
(1999b), but we cannot disagree with his conclusion that it belongs among the Callianassinae, rather 
than in its own subfamily. We thus advocate abandoning of the Cheraminae. Our analysis included 
only two species of the genus (one apparently unnamed), but they formed a well-supported mono-
ply letic group that was unambiguously positioned in topology, quite differently from the findings of 
Tudge et al. (2000). 

A well-defined understanding of Callianassa s.s. was deemed essential to our analysis, so we 
made a concerted effort to ensure accurate representation of C. subterranea, the type species of 
the genus, in our analysis. Thus, the topological positioning for C subterranea in the present work 
differs significantly from that for the currently available GenBank sequence of "C subterranea" 
as depicted in Robles et al. (this volume), ostensibly for reasons already stated above in Results. 
The clade to which the specimen of C. subterranea is assigned in our analysis is not strongly sup
ported and reflects a long-branch pairing with undescribed materials from hydrocarbon vent habi
tats of the Gulf of Mexico, provisionally assigned by us to this genus (Callianassa? sp. GMX-1, 2). 
While incomplete, our morphological studies suggest these materials may warrant treatment under a 
separate genus. 

4.4 Pending analyses 

Currently in progress, a molecular genetic analysis of all available species of Lepidophthalmus and 
its closest putative relatives should soon provide a somewhat more robust look at relationships of 
that genus. Likewise, a separate analysis targeted to the relationships of Neotrypaea, Trypaea, and 
Nihonotrypaea will address the unresolved status of the latter genus. In addition, collaborative work 
is currently under way to build the broadest overall taxonomic representation we can for a combined 
morphological and molecular analysis of not only the family Callianassidae but also other families 
in its infraoder, the Axiidea (sensu Robles et al. this volume). 
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