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(possibly sister-group) relationship between Evorthodus
and the Oxudercinae.

It is possible that convergence is responsible for the
similarity in branchial arch structure and jaw dentition
between Evorthodus and eight of the ten Oxudercine
genera. These fishes live in soft bottom (typically muddy)
estuarine areas and ingest a great deal of substrate when
feeding. The large surface area and lattice-like structure of
the fifth ceratobranchials and infrapharygobranchials must
aid in straining the substrate whereas the recurved canine
teeth internal to the symphysis of the lower jaw may aid in
burrow digging and/or be related to feeding. These two
apomorphic features might be necessary for the successful
exploitation of the environment. The two oxudercine
genera lacking these features (Periophthalmodon and
Periophthalmus) are also soft bottom inhabitants but strictly
carnivorous much like most gobioids. By parsimony,
however, their lack of two canine teeth internal to the
symphysis of the lower jaw and possession of more typical
gobioid branchial toothplate apparati (Fig. 72) are
considered reversals and, therefore, derived states. One
species of Oxuderces (O. dentatus) possesses lattice-like
branchial apparati but, like Periophthalmodon and
Periophthalmus, has lost the internal symphyseal canine
teeth of the lower jaw.

In summary, the above evidence supports a close
(possibly sister-group) relationship between Evorthodus
and the Oxudercinae. A broader survey of mud-dwelling,
omnivorous gobies is necessary to assess the uniqueness
of the symphyseal canine teeth, branchial toothplate
apparati, and placement of the retractor dorsalis. For the
purposes of this study, Evorthodus was used as the
principal (first) outgroup with additional outgroups being
other members of the Sicydium Group (Stiphodon,
Sicydium), Gobionellus Group (Gnatholepis, Ctenogobius,
Mugilogobius and Oxyurichthys), Trypauchen Group
(Trypauchen), Taenioides Group (Brachyamblyopus),
and the lone member of the Gobioides Group (Gobioides).
Evorthodus and the other outgroups examined, possess,
except where noted, the more generalised condition of the
characters that define the Oxudercinae. Additionally,
Periophthalmus and Periophthalmodon share three
primitive states for oxudercines - well-developed
premaxillary ascending processes, absence of symphyseal
canine teeth, and generalised shape and structure of the
fifth ceratobranchial. The other eight oxudercine genera
share the opposite states of these characters as three
congruent synapomorphies. However, based on the most
parsimonious presentation of relationships as determined
by PAUP, the primitive states for the three characters
mentioned above are considered reversals.

Phylogenetic Hypotheses and Classification
of the Oxudercinae

The methodologies and procedure used in the
reconstruction of a hypothetical series of relationships in
the Oxudercinae have been discussed in detail previously.
Characters 1 to 5 define the subfamily, characters 6 to 39

distinguish taxa within the subfamily.

6. Dorsoposteriorly in the lip of the lower jaw of
Apocryptodon, Oxuderces and Parapocryptes, a series of
6 to 8 finger-like projections originate from a rigid but still
flexible L-shaped structure that attaches posteriorly at the
terminus of the maxilla and inserts anterolaterally on the
dentary (Fig. 73). This L-shaped structure conforms to the
description of an unnamed ligament in Birdsong (1975:150),
the maxillodentary ligament in Springer (1983:14), and the
maxillo-mandibularis ligament in Van Dobben (1937).
Contained within the ligament and its dorsal projections is a
cellular matrix that appears to provide additional support to
this portion of the lip.

“ \Maxlllo‘d\.en\t‘ary

 Ligament .

Fig.73. Oxuderces dentatus, ventrolateral view of lower
jaw from left side.

The maxillodentary ligament was found in all gobioids
examined, however, shapes and lengths of the ligament
varied greatly. Possible homologues of the ligament were
observed by G.D. Johnson in representatives of other
Perciformes, Beryciformes and Myctophiformes. In no
other specimens examined, however, were finger-like
dorsal projections observed.

7. In Apocryptodon and Oxuderces, the epaxialis
muscle attaches anteriorly at the frontal and epioccipital
junction (Fig. 56).

In the outgroups and other oxudercines, the epaxialis
attaches to the postorbital region of the frontal bone
(Fig.57).

8. In Apocryptodon, the parapophyses of the fourth
vertebra possess posterodorsally-directed laminar
extensions (Fig. 74).

A similar condition has not been observed in the
outgroups, other oxudercines, or any other gobioid
examined. The retractor dorsalis muscle is attached to this
flexible structure, additional functions, if any, are unknown.

9. In Apocryptodon, a supraorbital pore (sensory canal
pore E of Akihito ez al., 1984) is present (Fig. 1).



laminar extension
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1st pleural rib

epipleural rib parapophyses
Fig.74. Apocryptodon madurensis, dorsolateral view of
parapophyseal extension on right side.

Gobionellus and Sicydium group members lack a
supraorbital pore but possess an infraorbital pore (sensory
canal pore F of Akihito et al., 1984) that opens to the surface
at the junction of the frontal and sphenotic troughs which
form part of the cephalic sensory pore system. In the
Trypauchen, Taenioides and Gobioides Groups, the
frontal and sphenotic troughs are absent as are infra- and
supraorbital pores. In all oxudercines, frontal and
sphenotic troughs are absent as are infraorbital pores, and
only Apocryptodon possesses a supraorbital pore.
Supraorbital pores are present in many other other
gobioids, however, so I assume that supraorbital pores
have either been derived or lost several times within the
suborder.

10. In Oxuderces there is an extremely wide gape with
the jaws terminating well posterior to orbit. Thus, the angle
between the metapterygoid-symplectic-quadrate strut and
the anguloarticular is 90° or less when the mouth is closed
(Fig.75).

Hyomandibula

Metapterygoid

—Ectopterygoid
7 Symplectic

Quadrate

Preopercle

Interopercle

Anguloarticular Retroarticular

Fig.75. Oxuderces dentatus, lateral view of suspensorium
and ectopterygoid of left side.

In the outgroups and other oxudercines, the gape is
moderate, the jaws terminating slightly posterior to, at, or
slightly anterior to the orbit with the angle between the
metapterygoid-symplectic-quadrate strut and the
anguloarticular greater than or equal to 90°, typically
greater (Figs 60-61). The gobiine genera Quietula and
Gillichthys of the eastern Pacific also possess wide gapes;
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independent derivation would appear to account for this
based on other character distributions.

11. In Oxuderces, the upper jaw has an anteriorly-
directed but ventrally curving tooth (fang-like canine
tooth) on each side of the premaxillary symphysis (Fig. 76).

Fig.76. Oxuderces dentatus, dorsoanterior view of snout
region.

In the outgroups and other oxudercines, there is no
similar feature. Several oxudercine genera possess large
canine teeth in the upper jaw (Periophthalmus,
Periophthalmodon and Pseudapocryptes) but none show
the same orientation and relative size.

12. In Oxuderces, the anterior ceratohyal is lengthened
posterior to the insertion of the fourth branchiostegal
(Fig.77).

Ceratohyal-———-——\

Anterior

Fig.77. Oxuderces dentatus, lateral view of left hyoid arch
rotated about 45° counterclockwise.

In the outgroups and other oxudercines, the symphysis
between the anterior and posterior ceratohyals is almost
immediately posterior to the insertion of the fourth
branchiostegal (Fig. 78).

13. In Oxuderces, the head is depressed anteriorly
(Fig.1).

In the outgroups and other oxudercines, the head is
slightly rounded anteriorly and compressed (Fig. 1).

14. In Parapocryptes, the head of the fourth
epibranchial is expanded (Fig. 68).

In the outgroups and other oxudercines, the head of the
fourth epibranchial is moderate to narrow (Fig. 70).

15. In Parapocryptes, the parapophyses of the fourth
vertebra are expanded laterally such that a rounded,
anterior concavity exists with the retractor dorsalis muscle
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Fig.78. Periophthalmus kalolo, lateral view of left hyoid
arch rotated about 45° counterclockwise.

Vertebrae
Ve —

1st pleural rib

Parapophyses

Fig.79. Parapocryptes serperaster, dorsolateral view of
portion of vertebral column and associated structures.

originating from this concavity (Fig. 79).

In the outgroups and in all but one oxudercine genus
(Apocryptodon), there is no similar structure.
Apocryptodon possesses posterior extensions of the
parapophyses of the fourth vertebra (see character 8).

16. Apocryptes, Boleophthalmus, Periophthalmodon,
Periophthalmus, Pseudapocryptes, Scartelaos and Zappa,
have a dorsal fin pterygiophore formula of 3-1221*0, the
asterisk indicating the last pterygiophore has no associated
spine (Fig. 80b).

There is no equivalent of this formula among any of the
200+ gobioid genera sampled by Birdsong ez al. (1988). Itis
considered unique and a transformation from the formula
3-12210.

In the outgroups and all but two oxudercine genera, two
pterygiophores insert in the fourth interneural space. The
condition of having three or four pterygiophores within the
fourth interneural space (16') is unique to
Periophthalmodon and Periophthalmus (Birdsong et al.,
1988) and represents a transformation of character 16
caused by an anterior shift of one or more pterygiophores.
The posterior distal process of each pterygiophore is
reduced thereby allowing a tighter grouping of elements.

Species of Periophthalmodon and Periophthalmus are
variable in pterygiophore pattern (see Table 25). An
evolutionary scenario to explain this phenomenon is
presented in Figure 81.

17. Apocryptes, Boleophthalmus, Periophthalmodon,
Periophthalmus, Pseudapocryptes, Scartelaos and Zappa
accomplish air-breathing by means of gills as well as by
having modified buccopharyngeal and opercular
epithelium for air-breathing and/or having the ability to
cutaneously respire in air.

o T
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Fig.80. Representative pterygiophore patterns in the Oxudercinae: A, Apocryptodon, Oxuderces,
Parapocryptes; B, Apocryptes, Boleophthalmus, Pseudapocryptes, Scartelaos, Zappa; C, several species
of Periophthalmus.



Morphological specialisations that allow for three modes
of air-breathing (gills, buccopharyngeal-opercular or
cutaneous) in the oxudercine genera Periophthalmus,
Periophthalmodon, Boleophthalmus and Scartelaos are
well documented (Schottle, 1931; Gordon et al., 1968;
Macnae, 1968). Apocryptes and Pseudapocryptes utilise
both their gills and increased vascularisation in the
buccopharyngeal and opercular regions to breathe
aerially (Hora, 1937); air-breathing in Apocryptes and
Pseudapocryptes may be restricted to periods of
prolonged drought or anoxia. Zappa was collected on an
exposed muddy surface (Roberts, 1978) and I assume it has
at least limited air-breathing ability by means of gills and
increased vascularisation in the buccopharyngeal-
opercular areas; morphological adaptations for such have
not been studied.

Amongst non-oxudercine gobiid fishes, only
Gobionellus saggitula (see Graham, 1976) has been shown
to have the ability to respire aerially by means of gills.
Because of other character distributions found in
G. saggitula, this ability is assumed to have evolved
independently at least twice in the Gobiidae. Gobionellus
saggitula also has the inferred capability, based on
vascularised skin, to respire cutaneously in air. Cutaneous
respiration amongst gobiids is known only in four
oxudercine genera (Boleophthalmus, Periophthalmodon,
Periophthalmus and Scartelaos) and G. saggitula. Aerial
respiration by gills and cutaneous respiration in air is
known in the non-gobioid, marine families Blenniidae,
Clinidae, Gobiesocidae and Megalopidae (see Table 1 in
Graham, 1976). Increased vascularisation in the walls of the
buccal and pharyngeal cavities and the inside of the
operculum is a common structural adaptation for aerial
respiration in some gobies, one blenny (Entomacrodus
nigricans) and one clingfish (Sicyases sanguineus) (see
Table 1 in Graham, 1976). In species that have been

(1?11*00) 1401*00 —»
E

12210 -» 1221*0 —» (15\21*0) 1311*%00 —»
A B
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studied, vascularisation in these tissues has occurred
through increased branching and spreading of existing
blood vessels (for references, see Graham, 1976). The
non-oxudercine gobies that exhibit this morphological and
physiological specialisation are Taeniodes rubicundus,
Gillichthys mirabilis, G. seta and Quietula guaymasiae
(Graham, 1976). Because of other character distributions
found in the above non-oxudercine gobies, this
specialisation is assumed to have evolved independently
several times in the Gobiidae as well as in at least two other
non-gobioid families.

To summarise, air-breathing in fishes can be
accomplished in at least three ways: 1. air-breathing with
gills; 2. air-breathing with modified buccopharyngeal and
opercular epithelium; and 3. cutaneous respiration in air.
Six oxudercine genera are reported to have the ability to
respire aerially by gills, one oxudercine genus (Zappa) is
assumed to have this ability based on the original
description (Roberts, 1978). Only one other non-
oxudercine goby (Gobionellus saggitula) is reported to
have the ability to respire aerially with gills. The homology
of this character amongst oxudercines that possess it is by
no means assured but is assumed based on the infrequency
of its occurrence amongst gobiids. Further detailed
investigation of the respiratory morphology and
physiology of oxudercine gobies is necessary to clearly
establish homology. However, character 17 correlates in a
parsimony analysis with character 16 and thus may be of
significance.

18. In Apocryptes, Boleophthalmus, Periophthalmodon,
Periophthalmus, Pseudapocryptes, Scartelaos and Zappa,
the origin of retractor dorsalis is on some portion of the
third vertebra.

In Evorthodus, Apocryptodon, Oxuderces and
Parapocryptes, the origin of the retractor dorsalis is on the
fourth vertebra, an hypothesised derived condition in

(1401*000) 2301*000
J

1401*%000 -+ 41401000
H I

(1401*00) 2301*00
G

140100
F

1311*%000 —# 1301*000
D

C

Fig.81. Hypothetical scenario accounting for the various pterygiophore patterns in Periophthalmodon
and Periophthalmus, patterns in parentheses represent a transitional state: A, loss of sixth spine causing
sixth pterygiophore to be disassociated from a spine; B, a pterygiophore in fifth interneural space shifts
anteriorly one interneural space accompanied by a posterior shift of the second dorsal fin one space; C,
a posterior shift of the second dorsal fin one space; D, loss of pterygiophore in the fifth interneural space;
E, a pterygiophore in fifth interneural space shifts anteriorly one space; F, sixth pterygiophore is
reassociated with a spine; G, a pterygiophore in the fourth interneural space shifts anteriorly one space;
H, first pterygiophore of second dorsal fin shifts posteriorly such that it inserts in the same interneural
space as the second D2 pterygiophore; I, sixth pterygiophore is reassociated with a spine; and J, a
pterygiophore in the fourth interneural space shifts anteriorly one space.
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gobioids (see discussion of similarities between
Evorthodus and the Oxudercinae.) The most parsimonious
explanation for the condition in other oxudercines of
having the shift in the origin of the retractor dorsalis from
the fourth to the third vertebra is that a character reversal
has occurred.

19. In Apocryptes, small, cycloid scales cover the
snout.

Gobionellus and Sicydium group members possess
mostly ctenoid scales (some have cycloid scales anteriorly
on the trunk), but in none is the snout scaled. The
Gobioides group has only cycloid scales with the nape
partially scaled, no other part of the head is scaled. In the
Trypauchen and Taenioides Groups, the trunk possesses
cycloid scales whereas the head is largely scaleless. (At this
time, the polarity between cycloid and ctenoid scales
cannot be determined.) Within the Oxudercinae, only
Apocryptes and Periophthalmodon have scales (cycloid)
on the snout, however, the scales of Periophthalmodon are
much larger in a relative sense. Based on other character
distributions, this condition is assumed to have been
independently derived in these genera.

20. In Pseudapocryptes, there are
longitudinal scales.

No outgroup possesses near this number of longitudinal
scales and only Pseudapocryptes amongst the oxudercines
consistently possesses at least this many (mean = 209, see
Table 4). One specimen of Boleophthalmus dussumieri
possessed 185 longitudinal scales, however, the mean for
the species is 146 (see Table 12).

21. Boleophthalmus, Periophthalmodon, Perioph-
thalmus, Scartelaos and Zappa have the ability to survive
for short periods out of water.

None of the outgroups has been reported to possess this
capabilility. Of the five oxudercine genera that exhibit this
ability, I observed four of them in this mode
(Boleophthalmus, Periophthalmodon, Periophthalmus and
Scartelaos, see Murdy, 1986) and the fifth (Zappa) has only
been collected on land (Roberts, 1978). No other
oxudercine has ever been reported out of water although
Pseudapocryptes can survive periods of drought in deep
burrows containing little or no water (Hora, 1937). Only one
other non-oxudercine goby (Gillichthys mirabilis) has been
reported to occasionally be completely out of water

150 or more

(Graham, 1976). Due to other character distributions, .

Gillichthys 1s not considered closely related to the
Oxudercinae and, thus, the ability to survive for short
periods out of water has evolved independently at least
twice in gobioids.

This character is, of course, related to air-breathing (see
character 17). As with air-breathing, homology is
questionable. However, as this specialisation is
infrequently encountered in fishes, is innovative and
complex, an hypothesis of homology is proposed.

22. In Scartelaos and Zappa, the scales are reduced in
size and lost anteriorly on trunk and head.

Other oxudercines are heavily scaled on the head and
body with small (Pseudapocryptes) to large
(Periophthalmodon) cycloid scales (see Table 4). Although
small sized, the scales of Pseudapocryptes are still visible

macroscopically, countable and larger than those found on
Scartelaos and Zappa. The interpretation of events as
indicated on the cladogram (Fig. 55) assumes a parallel
reduction in Scartelaos and Zappa. This requires two
evolutionary events or steps. Another two step
interpretation entails reducing the scalation and then
redeveloping the scales. As there is no  parsimony
argument, either interpretation is valid. However, I believe
parallelism to be biologically more probable than reversal
so that is why the parallel evolution scenario is presented
on the cladogram.

23. In Zappa, the short portion of the first pterygiophore
that is bent posteriorly at a point three quarters along its
length extends horizontally over the tip of the fourth neural
spine (Fig. 82).

1st D1 Pterygiophore

\_4th vertebra

Fig.82. Zappa confluentus, left lateral view of the
interdigitation between the first few spinous dorsal fin
pterygiophores and neural spines.

In the Gobionellus and Sicydium groups, the entire first
pterygiophore-spine complex is typically contained with
the limits of the third interneural space (Fig. 83). In
Brachyamblyopus, Ctenotrypauchen, Gobioides and
other oxudercines, the first spine is typically anterior to the
fourth neural spine (if the terminus of the neural spine were
extended by an invisible line, Fig. 84). The very distal
portion of the pterygiophore may extend posterior to the
neural spine but there is no portion of the pterygiophore
coursing horizontally dorsal to the neural spine. '

24. Boleophthalmus, Periophthalmodon, Perioph-
thalmus and Scartelaos exhibit truly amphibious behavior.
Some portion of the daily cycle involves terrestriality. This
is an extension of character 21.

This ability is not encountered often in fishes (Graham,
1976). None of the outgroups have been reported to have
terrestriality as part of their daily regimen. According to
Graham (1976), only one other gobiid (Gillichthys mirabilis)
is at least occasionally amphibious (see characters 17 and



<D1 Pterygiophore

4th vertebra

Fig.83. Gnatholepis sp., left lateral view of the
interdigitation between the first few spinous dorsal fin
pterygiophores and neural spines.

1st D1 Pterygiophore

N2

4th Vertebra

Fig.84. Gobioides peruanus, left lateral view of the
interdigitation between the first few spinous dorsal fin
pterygiophores and neural spines.

21). Four oxudercine genera (Boleophthalmus,
Periophthalmodon, Periophthalmus and Scartelaos) are
fully terrestrial for some portion of the daily cycle. Zappa is
not considered to be truly amphibious based on the
account of Roberts (1978); although collected from an
exposed muddy surface, he stated the fishes were flipping
from side-to-side and never upright on their pelvic fins.
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Such behavior is not consistent with that of the amphibious
fishes cited above (see Macnae, 1968 and Murdy, 1986).

Any activity that is under the potential control of the
animal can be used as a character. Here again, homology is
not clear-cut and difficult to test. This complex and unusual
character correlates with other synapomorphies
(characters 25 and 26), and, thus, an hypothesis of
homology is proposed.

25. In Boleophthalmus, Periophthalmodon,
Periophthalmus and Scartelaos, the dorsal fins are not
connected by membrane.

In the outgroups and other oxudercines, the first and
second dorsal fins are connected either fully or basally by
membrane.

26. In Boleophthalmus, Periophthalmodon,
Periophthalmus and Scartelaos, a dermal cup is attached to
the ventral half of the eye and serves as a reservoir of
water for moistening the eye surface when the eyes are
retracted (Fig. 85).

7

Dermal Cup

Fig.85. Cross-section through mudskipper eye (from

Graham, 1971).

This structure is unique to Boleophthalmus,
Periophthalmodon, Periophthalmus and Scartelaos within
the Gobioidei and may be unique in fishes.

27. In Periophthalmodon, Periophthalmus and
Scartelaos, the metapterygoid terminates well short of the
hyomandibular condyle that articulates with the sphenotic
(Fig.60).

In the outgroups and other oxudercines, the
metapterygoid terminates almost adjacent to the
hyomandibular-sphenotic junction (Figs 61 and 75).

28. In Scartelaos, a series of short barbels follow the jaw
line ventrally on the head (Fig. 86).

Within the limits of this study, this feature is unique to
Scartelaos; it was not observed in any of the outgroups or
any other oxudercine. The gobiine (sensu Hoese, 1984)
genera Gobiopsis and Barbuligobius also possess barbels
on the ventral surface of the head. Based on other
character distributions, these two genera are not
considered closely related to the oxudercines and, thus, it is
most parsimonious to assume this feature has evolved at
least twice in the Gobiidae.
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Barbels

Fig.86. Scartelaos histophorus, ventral view of isthmus

and lower jaw.
*)ductor Superficialis |

29. In Boleophthalmus, Periophthalmodon and
Periophthalmus, the abductor superficialis muscle of the
pectoral fin is divided into two sections (I and II of
Grenholm, 1923). This presumably allows for greater
control and flexibility of the limb during terrestrial forays
(Fig.87).

In the outgroups and other oxudercines, the abductor
superficialis muscle is fan shaped and not divided into two
parts (Fig. 88).

30. In Boleophthalmus, Periophthalmodon and
Periophthalmus, the neurocranial cavity is enlarged
anteriorly, and the frontal bones forming the interorbital
bridge are greatly curved and overlap the ethmoid bones
(Fig. 89).

In the outgroups and other oxudercines, the anterior
portion of the neurocranial cavity is not enlarged and the
frontal bones are only slightly curved anteriorly (Fig. 90).

31. In Boleophthalmus, a rectangular cartilage spans the
width of the pelvic girdle just anterior to the processes to
which the spines are connected (Fig. 91); it connects
ligamentously to the cleithrum and possibly aids in
stabilisation and/or constriction of the pelvic disk.

In the outgroups and other oxudercines, thin ligaments

Abductor Superficialis Il

Fig.87. Periophthalmodon schosseri, left lateral view of pectoral fin musculature.
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Abductor Superficialis

Fig.88. Scartelaos histophorus, right lateral view of pectoral fin musculature.
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Fig.89. Periophthalmus kalolo, left lateral view of neurocranium.
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Fig.90. Scartelaos histophorus, left lateral view of neurocranium.

Pelvic Intercleithral Cartilage

Pelvis
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I

Pelvic-Fin Spine

I:Segmented Pelvic-Fin Rays

Fig.91. Boleophthalmus boddarti, ventral view of pelvis (pelvic fin elements removed from left side).
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are in this same area but nothing approximating this
cartilage is present.

32.In Periophthalmodon and Periophthalmus, the dorsal
ramus of urohyal is displaced posteriorly so that it is situated
ventroposteriorly to basibranchial 1 (Fig. 92).

In the outgroups and other oxudercines, the dorsal
ramus of the urohyal is situated just ventral to basibranchial

Basihyal

Basibranchial 1

Ventral Hypohyal
Anterior Ceratohyal

Urohyal

Dorsal Hypohyal—

Fig.92. Periophthalmus kalolo, dorsal view of basihyal
and anterior gill arches.

Internal Carotid
Foramen

Faclial Foramen

Hyomandibular
Condyle

Subtemporal
Fossa

Glossopharyngeal Foramen

Lateral Ethmoid

1 such that basibranchial 1 appears to be resting on the
concave surface of the dorsal ramus of the urohyal
(Fig.93).

33. In Periophthalmodon and Periophthalmus, the
foramen of the internal carotid artery is situated adjacent to
the facial foramen (Fig. 94).

In most outgroups, most other oxudercines, and other

Basihyal

Dorsal Hypohyal

Anterior Ceratohyal

Urohyal

Basibranchial 1

Fig.93. Parapocryptes serperaster, dorsal view of
basihyal and anterior gill arches.
Parasphenoid
Sphenotic
Prootic
Pterotic
Foramen

Intercalar
Vagal Foramen

Basiocziplital

Fig.94. Periophthalmus kalolo, ventral view of neurocranium (post-temporal removed from left side).

Ventral Hypohyal



gobioids, the internal carotid foramen is located near the
base of the anterior strut of the parasphenoid. In
Boleophthalmus and Sicydium, the foramen of the internal
carotid is located about midway between the base of the
parasphenoid strut and the facial foramen (Fig. 95).

34. In Periophthalmodon and Periophthalmus,
extranumerary spines are present in the first dorsal fin

Internal Carotid
Foramen
Trigemino-Facial

Subtemporal
Fossa
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(Fig. 80c). These spines lack associated pterygiophores.
Birdsong (1975) hypothesised that the extranumerary
spines supply additional support to an erect fin in an air
environment.

In the outgroups and other oxudercines, all dorsal fin
spines have an associated pterygiophore. The possession
of extranumerary spines is unique within the Gobioidei

Parasphenoid

Pterosphenoid
Sphenotic

Prootic

Hyomandibular
Condyle

Pterotic
Intercalar

Glossopharyngeal Foramen
Vagal Foramen

Basioccipital

Fig.95. Boleophthalmus boddarti, ventral view of neurocranium (post-temporal removed from left

side).

Fig.96. Periophthalmodon freycineti,

-

ventral view of the upper jaw.
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Fig.97. Periophthalmodon schlosseri,

(Birdsongetal., 1988).

35. In Periophthalmodon and Periophthalmus, the
basihyal is narrow and lacks an expanded tip (Fig. 92).

In Evorthodus and all but one outgroup, and in all other
oxudercines, the basihyal is either broadly spatulate or
bifid (Table 16). The outgroup exception is Sicydium, in
which the basihyal is narrow as above.

36. In Periophthalmodon and Periophthalmus, the first
D2 pterygiophore inserts posterior to the 9th or 10th neural
spine (Table 26, Fig. 80c).

In the outgroups and other oxudercines the first
pterygiophore of D2 inserts posterior to the 8th neural
spine which is the typical gobiid condition (Fig. 80a,b).

37. In Periophthalmodon and Periophthalmus, the
anterior oculoscapular canal pore is absent (Fig. 1).

In the outgroups and other oxudercines, the anterior
oculoscapular canal pore is present. It is also present in a
number of other gobiid genera, thus the absence or loss of
the pore appears derived. I am cautioned by Hecht &
Edwards (1977) statement that absent characters cannot be
compared and, thus, homology is not testable. However,
this loss character correlates a parsimony analysis with
unrelated, but innovative synapomorphies (characters
32-36) and, thus, appears meaningful.

38. In Periophthalmodon, a second, short row of stout
canine teeth (4-8 teeth) is internal to the first row of teeth in
the upper jaw (Fig. 96).

The outgroups Gobionellus and Gnatholepis have more
than two rows of teeth in the upper jaw, however, the
condition in these two genera does not appear homologous
to that above because of the shape and positioning of the
teeth. The outgroups Evorthodus, Gobioides,
Oxyurichthys and Sicydium have a single row of teeth in
the upper jaw as do all other oxudercines. I interpret the
presence of a second, short row of stout canine teeth in the
upper jaw as a de novo acquisition rather than a reversal to
a more generalised condition.

39. In Periophthalmodon, a broad, black stripe (brown in
preservative) courses posteriorly from the eye and
terminates near the tail (Fig. 97). This stripe has been
observed in Pn. schlosseri to be displayed only in times of
aggression or stress.

Nothing approximating this feature is found in the
outgroups or any other oxudercine, whereas a
longitudinal stripe is found in preserved specimens of all

right lateral view (adapted from Johnstone,

1903).

three Periophthalmodon species.

Discussion

The monophyly of the Oxudercinae is supported by
synapomorphies  (characters 1 to 5) that are either
reductive or loss characters or innovative features. All
oxudercine genera, except Periophthalmus, are defined
by at least one synapomorphy. Although I cannot now
propose a synapomorphy for Periophthalmus, both
Periophthalmus and Periophthalmodon are retained due to
their widespread and historical usage and because I
believe it useful to recognise the innovative features
(characters 38 to 39) of freycineti, schlosseri and
septemradiatus at the generic level. I am hopeful that
further study will eventually deduce a defining character
for Periophthalmus.

In most instances, characters necessary to deduce
intrageneric relationships were not identified; two genera
(Apocryptes and Zappa) are monotypic whereas, four
genera (Apocryptodon, Oxuderces, Parapocryptes and
Pseudapocryptes), are bitypic. In the remaining genera,
with one exception, sufficient numbers of characters to
hypothesise relationships were not identified.
Periophthalmodon freycineti and P. schlosseri are
considered sister-species based on the synapomorphic
feature of large, adult size (frequently exceeding 200 mm
SL). Other such relationships are not so clear and await
further investigation.

Hypothesised intergeneric relationships (Fig. 55), based
upon ingroup synapomorphies parsimoniously arranged
by PAUP, differ from those of Giinther (1861), Bleeker
(1874) and Koumans (1953). Giinther’s Oxudercidae was
erected solely for Oxuderces dentatus; he placed the
remaining genera treated here in the Gobiidae (see
Springer, 1978 for elaboration).  Bleeker coined
Apocrypteini, which included his Apocryptei and
Boleophthalmi. Apocryptei comprised Apocryptodon,
Apocryptes, Parapocryptes and Pseudapocryptes
whereas Boleophthalmi consisted of Boleophthalmus and
Scartelaos. Additionally, Bleeker erected the
Periophthalmini  to include  Euchoristopus,
Periophthalmodon and  Periophthalmus. Koumans



essentially followed Bleeker’s classification but used the

subfamilial group-names Apocrypteinae and
Periophthalminae.
Based on evidence presented here, Apocryptodon,

Oxuderces and Parapocryptes represent one
monophyletic subset of the Oxudercinae with Apocryptes,
Boleophthalmus, Periophthalmodon, Periophthalmus,
Pseudapocryptes, Scartelaos and Zappa forming another.
Bleeker’s groupings all appear to be subsumed in the latter
subset with the group-name Periophthalmini having page
priority. Therefore, Periophthalmini is the tribal group-
name for the monophyletic unit comprising Apocryptes,
Boleophthalmus, Periophthalmodon, Periophthalmus,
Pseudapocryptes, Scartelaos and Zappa whereas the
Oxudercini comprises Apocryptodon, Oxuderces and
Parapocryptes.

Family Gobiidae
Subfamily Oxudercinae
Tribe Oxudercini

Genus Parapocryptes Bleeker, 1874
Parapocryptes rictuosus (Valenciennes, 1837)
Parapocryptes serperaster (Richardson, 1845)

Genus Apocryptodon Bleeker, 1874
Apocryptodon madurensis (Bleeker, 1849)
Apocryptodon punctatus Tomiyama, 1934

Genus Oxuderces Eydoux & Souleyet, 1848
Oxuderces dentatus Eydoux & Souleyet, 1848
Oxuderces wirzi (Koumans, 1938)

Tribe Periophthalmini

Genus Apocryptes Valenciennes, 1837
Apocryptes bato (Hamilton, 1822)

Genus Pseudapocryptes Bleeker, 1874
Pseudapocryptes borneensis (Bleeker, 1855)
Pseudapocryptes lanceolatus (Bloch &

Schneider, 1801)

Genus Zappa n.gen.

Zappa confluentus (Roberts, 1978)

Genus Scartelaos Swainson, 1839
Scartelaos cantoris (Day, 1871)

Scartelaos gigas Chu & Wu, 1963
Scartelaos histophorus (Valenciennes, 1837)
Scartelaos tenuis (Day, 1876)

Genus Boleophthalmus Valenciennes, 1837
Boleophthalmus birdsongi n.sp.
Boleophthalmus boddarti (Pallas, 1770)
Boleophthalmus caeruleomaculatus McCulloch

& Waite, 1918
Boleophthalmus dussumieri Valenciennes, 1837
Boleophthalmus pectinirostris (Linnaeus, 1758)

Genus Periophthalmodon Bleeker, 1874

Periophthalmodon freycineti (Valenciennes,
1837)

Periophthalmodon schlosseri(Pallas, 1770)

Periophthalmodon septemradiatus (Hamilton,
1822)

Genus Periophthalmus Bloch & Schneider, 1801
Periophthalmus argentilineatus Valenciennes,

1837
Periophthalmus barbarus (Linnaeus, 1766)
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Periophthalmus chrysospilos Bleeker, 1852
Periophthalmus gracilisEggert, 1935
Periophthalmus kalolo Lesson, 1830
Periophthalmus malaccensis Eggert, 1935
Periophthalmus minutus Eggert, 1935
Periophthalmus modestus Cantor, 1842
Periophthalmus novaeguineaensis Eggert, 1935
Periophthalmus novemradiatus (Hamilton, 1822)
Periophthalmuswaltoni Koumans, 1941
Periophthalmus weberi Eggert, 1935

Biogeography

Although it is possible to discuss the distribution of
oxudercine gobies in general terms, precise information
for most species is often lacking and our present
knowledge is often deficient in significant detail.

Oxudercines are typically associated with soft bottom
habitats, many are burrowers. Periophthalmus utilises the

" mesozone (sensu Tomlinson, 1986) of the mangrove

community (hereafter referred to as mangal), however, the
remaining oxudercine genera are largely restricted to the
seaward zone that is oftentimes simply a soft, muddy tidal
flat nearly or totally devoid of mangroves. This seaward
zone is flooded at all high tides and exposed to some
degree at low tide. Consequently, the distribution of
non-Periophthalmus oxudercines is probably limited to
availability of suitable mudflat habitat. I have not located
any literature dealing with the distribution of broad, shallow
mudflats in the Indo-west Pacific but their distribution may
closely resemble the distribution of non-Periophthalmus
oxudercines that is: northwest Arabian Gulf (48°E
longitude); eastward and southward to Queensland,
Australia (20°S latitude, 150°E longitude); and northward to
the Ariake Sea, Japan (33°N latitude). Mudflats are difficult
areas to reach and even more difficult to work in, thus, the
above limits may be extended by future collecting efforts.

In assessing the distribution of non-Periophthalmus
oxudercines, only two genera (Boleophthalmus,
Scartelaos) are found west of the southern tip of India and
from there extend as far west as the Arabian Gulf.
Apocryptodon, Boleophthalmus and Scartelaos extend as
far north as the southern part of Japan and these three
genera plus Oxuderces and Periophthalmodon reach as
far south as northern Australia.

Many oxudercines are endemic to relatively restricted
geographic areas. The three oxudercine species found
throughout the Arabian Gulf and as far south as either
Bombay or Karachi (Boleophthalmus dussumieri,
Periophthalmus waltoni and Scartelaos tenuis) are endemic
to that region. The west African Periophthalmus,
Ps. barbarus, is found only on that coast. One oxudercine
from Japan (Apocryptodon punctatus) is endemic there,
whereas Ps. modestus is only found in northern China,
Japan and Korea. In northern Australia two species of
Boleophthalmus, B. birdsongi and B. caeruleomaculatus,
are endemic, whereas Oxuderces wirzi is known only from
southern Papua New Guinea and northern Australia.
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Scartelaos cantoris is known only from the Andamans,
whereas S. gigas is known only from northern China.
Zappa confluentus is known only from a single locality in
Papua New Guinea.

I recognise seven divisional associations of oxudercines
in the Indo-west Pacific and west Africa based on maximal
endemism (Fig. 98). Two divisions lack endemic elements,
the remaining five have endemism rates equal to or greater
than 50%. My conceptualisation is a modification of that of
Macnae (1968:223, fig. 74) which was based on mangrove
distribution patterns.

(i) West Africa (Senegal to Angola). One endemic
species, Periophthalmus barbarus. Although known in
other groups of fishes (Springer, 1982), no other gobioid
genus has both an Indo-west Pacific distribution with
representation in west Africa and nowhere else.
Elaboration on this distribution is provided below.

(ii) East Africa (southern Red Sea to south Africa). Two
widely distributed species, no endemics. Elaboration on
this distribution is provided below.

(iii) Arabian Gulf (Iraq to Bombay). Six species, three of
which are endemic. The non-endemics (Boleophthalmus
boddarti, Periophthalmus argentilineatus and Scartelaos
histophorus) are not known farther north than Pakistan
(and B. boddarti does not range farther north than
Bombay); they have not been reported from the Arabian
Gulf (Kuronuma & Abe, 1972). Although the Arabian Gulf
is not considered an area of high endemism (Relyea, 1981),
by enlarging the faunal boundaries to include the Gulf of
Oman to Bombay, a higher rate of endemism may be
achieved.

At least two blenniids (Ecsenius pulcher, Omobranchus
mekranensus) are endemic to this enlarged division
(V.G. Springer, personal communication). As the west coast
of India south of Bombay and the southern end of the
Arabian Peninsula are largely devoid of mangrove
(Macnae, 1968), we might also assume that extensive,

Records of the Australian Museum (1988) Supplement 11

shallow mudflats are also lacking. Therefore, the Arabian
Gulf oxudercine fauna may have been isolated for a
lengthy period, possibly since India collided with Asia
(early-middle Eocene according to Audley-Charles et al.,
1981). The three non-endemic species found at the
southern end of the division may be recent dispersalists
from the east coast of India or the three endemics could be
dispersing southward. Either alternative would account for
the areas of sympatry.

(iv) Indo-Malaya (west coast of India to Borneo
including Java and Vietnam). 17 species, nine of which are
endemic. The west coast of India south of Bombay is
largely lacking in suitable habitat for oxudercines.
Oxudercines are not known or reported from the
Laccadives or Maldives. From the east coast of India to
Borneo, plentiful, suitable habitat exists and oxudercines
exhibit their greatest diversity. Nine of the ten oxudercine
genera are found in this division, with two of them
(Apocryptes and Pseudapocryptes) endemic. The
southeastern edge of this division represents Wallace’s
Line except that it does not include the Philippines which I
have allied with the Australia/New Guinea division.
Additionally, itis not possible to associate Sulawesi with any
division because oxudercines have not been reported
from there.

(v) Australia/lNew Guinea (including Timor, the
Moluccas and the Philippines). 12 species of which seven
species including one monotypic genus are endemic. The
placement of the Philippines in this division is problematic.
Aligning the Philippines with this division is based solely on
the distribution of two species, Periophthalmodon
[freycineti and Periophthalmus malaccensis; the inclusion of
the Philippines in this division makes these two species
endemics. Some authorities believe, and evidence
suggests, that Philippine affinities, both biological and
geological, are with Indo-Malaya rather than Australia/
New Guinea (Audley-Charles, 1981; Earl of Cranbrook,
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Fig.98. Subdivisions of the Indo-west Pacific and west coast of Africa based on maximal oxudercine
endemism. The first number indicates oxudercine species diversity in that subdivision followed by the
number of subdivional oxudercine endemics in parentheses.



1981). However, Vari (1978) demonstrated that the
distribution of the freshwater species of the family
Terapontidae was limited to the Philippines-Sulawesi-New
Guinea-Australia area. There are only three
non-Periophthalmus oxudercines (Apocryptodon
madurensis, Pn. freycineti and Scartelaos histophorus) in
the Philippines.

" (vi) China Sea (China and Taiwan northward to southern
Korea and Japan). Eight species, four of which are
endemic. Macnae (1968) included the Philippines in this
division. As mentioned above, the Philippines are
associated, albeit loosely, with Australia/New Guinea.

(vii) Oceania(approximate Pacific Plate margin eastward
to Samoa). Two species, neither of which is endemic. The
indigenous species (Periophthalmus argentilineatus and
Ps. kalolo) are widely distributed throughout this division.
Further discussion is given below.

Two sister-species distributions are worthy of note:
Oxuderces dentatus and O. wirzi (Fig. 16), and
Periophthalmodon freycineti and Pn. schlosseri (Fig. 25).
In each sister-species pair, one member is found in
southern New Guinea and northern Australia (Sahul Shelf)
whereas the other member is more widely distributed in
Indo-Malaya (Sunda Shelf). A similar but not identical
distribution pattern is known for the mangrove species
Aegialites annulata and A. rotundifolia (Chapman 1976:
fig. 87). Oxuderces dentatus ranges from northern China
to southern India with extension onto the eastern end of
Java. O. wirzi is known only from northern Australia and
southern New Guinea. Representatives of the genus are
not yet known from Borneo, Sulawesi, Timor, Halmahera
or the Philippines (Fig. 16).

Periophthalmodon freycineti is known from the
Philippines southward to Halmahera, New Guinea and
northern Australia. (One lot from Burma is known but I
seriously question its locality reliability). The material from
which the original description of Pn. freycineti was based
came from Timor. Periophthalmodon schlosseri is known
from the Andaman Sea, Strait of Malacca, Sumatra and
southern Borneo. Representatives of the genus are not yet
known from Sulawesi.

The segregation of the geminate species of Oxuderces
conforms well to Wallace’s Line, a demarcation that would
place O. dentatus in the Oriental zoogeographic region
(Sunda Shelf) and O. wirzi in the Australian region (Sahul
Shelf) (regions based on Bond, 1979). Using Wallace’s
Line as a model for predicting distributions, we would
expect that O. wirzi would be found in Timor, Halmahera
and Sulawesi, whereas O. dentatus would be present in
Borneo and the Philippines. [Although originally proposed
for freshwater and terrestrial species, Wallace’s Line
(1863) may be applicable to oxudercines as well as they are
typically associated with reduced salinity conditions of
river mouths.] Examples supporting the influence of
Wallace’s Line on the distribution and evolution of inshore
fishes are provided by Winterbottom et al. (1984) and
Woodland (1986).

The occurrence of Periophthalmodon freycineti in the
Philippines belies a distribution congruent with either
Wallace’s Line or the Sahul Shelf but is in accordance with
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Huxley’s (1868) Line, a possible lapsus calami which
associated the Philippines with all territory east of Wallare’s
Line. Thus, Huxley’s Line would demarcate an area
equivalent to my Australia/New Guinea division (see
above).

Except for the Philippine representatives of
Pn. freycineti, Pn. freycineti and O. wirzi are found only on
Gondwanic elements whereas Pn. schlosseri and
0. dentatus are exclusively Laurasic (Audley-Charles,
1981). Does this imply that these species, which are still
sufficiently alike to be considered congeneric, have none
the less been separated since late Cretaceous and have
independently ridden the Laurasian and Gondwanan
plates to arrive vicariously at their present locations of
comparative proximity? I don’t think so. Whatit does mean,
1 think, is that sometime after the collision of Australia/New
Guinea and Asia (about 5-15 million years ago according to
Audley-Charles et al., 1981), a vicariant event (possibly sea
level fluctuations) caused both Oxuderces and
Periophthalmodon to speciate. Audley-Charles (1981)
considered the eastern part of Sulawesi (= Celebes)
Gondwanic, the western portion Laurasic; the discovery of
Oxuderces and/or Periophthalmodon on Sulawesi would
be most informative. Additionally, as I have examined only
one lot (2 specimens) of Pn. freycineti from the Philippines,
it would be useful to reconfirm its presence there.

Periophthalmus is much more widely distributed than the
rest of the Oxudercinae being found from Samoa westward
to east Africa with one species along the west African coast
(Fig. 29). The distribution of Periophthalmus appears more
closely linked to mangal rather than mudflat distributions
and this mangal association of Periophthalmus is probably
not fortuitous. Unfortunately, little is known about possible
species-specific associations between Periophthalmus and
mangroves. This topic merits further study and may have
symbiotic implications. Sufficient information is known
about several Periophthalmus/mangal distributions to be
worthy of mention.

Mangrove Diversity and
Distribution- Patterns

Mangrove evolved at least as early as the Cretaceous
(Raven & Axelrod, 1974). McCoy & Heck (1976:204)
suggested a pan-Tethyan mangrove distribution and cited
Cretaceous fossil evidence in Europe, east Africa, and
Borneo.  Subsequently, in the Eocene-Oligocene-
Miocene fossil record, mangroves were recorded from the
Pacific coast of South America eastward to the Caribbean,
Africa, Europe, India, Borneo and New Guinea (McCoy &
Heck, 1976:fig. 2). i

Evolutionary diversification resulted, in part, from the
closure of the east-west Tethyan passageway caused by
Africa/Arabia adjoining Asia in the late Cretaceous/early
Eocene. Consequently, the present distribution of
mangroves in the New World is considered relictual
(Tomlinson, 1986:55). All five species of west African
mangrove trees listed by Tomlinson (1986:42) are found in
the Americas, none is found on the east African coast or
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anywhere else in the Indo-west Pacific (sensu Springer,
1982). Thus, west African mangrove affinities are clearly
with the New World (Chapman, 1976; Tomlinson, 1986).

The Old World mangrove flora (not including west
Africa) is more speciose than the New World (60 versus 10,
Chapman, 1976) and extends from east Africa to Samoa and
Tonga (15°Eto 165°W).

Periophthalmus Diversity and Distribution
Patterns and Co-occurrence with Mangal

The diversity and distribution of Periophthalmus can be
segregated into two components: west Africa (one species)
and Indo-west Pacific (11 species). The endemic west
African species (Periophthalmus barbarus) ranges from
Senegal to Angola, which parallels the distribution of
mangal. Since the opening of the Atlantic, the cold waters of
the Cape of Good Hope have been an effective barrier to
mangrove migration (Chapman, 1976; Tomlinson, 1986), we
can probably assume the same for Periophthalmus. If we
assume Ps. barbarus was derived from the diverse
Periophthalmus fauna of the Indo-west Pacific region and
did not cross the African continent (although very small
land barriers are probably traversable), then Ps. barbarus
probably represents a relict from an original Tethyan
stock. Periophthalmus barbarus may have been separated
from congeners since late Cretaceous/early Eocene and
could possibly help corroborate Winterbottom’s (1985)
hypothesis on Cretaceous origins of many perciform
fishes. I am unaware, however, of any Periophthalmus
fossils that would support or refute this idea.

Why are there no Periophthalmus in the New World
since the west African Periophthalmus is associated with
some of the same mangrove species found in the Americas?
Other gobioid genera have circumtropical distributions
(i.e. Eleotris, Awaous), why not Periophthalmus, especially
since suitable habitat is available? Even if we assume that
Periophthalmus and mangrove had pan-Tethyan
distributions, their occurrences may not have been
contemporaneous. An ancestral Periophthalmus may have
never reached South America before it separated from
Africa, whereas mangrove could have dispersed across a
sizeable water barrier to reach the New World. The
dispersal capability of Periophthalmus is not known but
they certainly are not adept swimmers. Long-distance
dispersal by water seems unlikely. Of course, we cannot
discount or test the former existence and subsequent
extinction of Periophthalmus in the Americas (unless fossil
evidence is discovered). Also, evolutionary rates probably
differ. Mangroves possibly have a slower rate than
Periophthalmus which could account for the conspecificity
of west African with New World mangroves.

The north coast of Africa lacks mangroves, probably
due to the aridity of the region. In the Red Sea, a single
species of mangrove (Avicennia marina) extends from
Djubal (southern tip of Sinai Peninsula) as far south as
Massawa (Chapman, 1976). I have not examined any
specimens nor do I know of any records of Periophthalmus
along the north coast of Africa or in the Red Sea north of

Massawa. Along the east African coastline from south of
Massawa to Durban are sporadic concentrations of
A. marina, Bruguiera gymnorrhiza, Rhizophora mucronata
and five other species of mangrove. Two widespread
species of Periophthalmus  (Ps. argentilineatus and
Ps. kalolo) also occur along the east coast of Africa.

Periophthalmus argentilineatus and Ps. kalolo are found
from the southern Red Sea and east Africa eastward across
Indo-Malaya, Australia and the Philippines, and on to
Samoa (30°E to 165°W). Additionally, Ps. kalolo is also
known from Tonga. Similarly, three species of mangrove
(A. marina, B. gymnorrhiza and R. mucronata) are found
from 30°E to 165°E with A. marina and B. gymnorrhiza
extending farther eastward to 180°E and B. gymnorrhiza
even as far as Tonga and Samoa (165°W) (Tomlinson,
1986). The taxonomy of the Rhizophora species in Fiji,
Tonga and Samoa is unsettled; Chapman (1976) stated
R. mucronata and the variety selala of R. mucronata were
present whereas Tomlinson (1986) listed only the variety
selalafrom 165°E to 180°E and R. samoensis from 180°E to
165°W. Many other mangrove species range from 30°E to
165°W but no species has a continuous distribution such as
the three listed above. No mangroves or Periophthalmus
are found east of 165°W.

The high diversity of Periophthalmus (12 species) in
comparison to other oxudercines (no other
non-Periophthalmus oxudercine genus has more than five
species) may be related to mangal diversity. That
Periophthalmus is, at the very least, a facultative mangal
associate is obvious. Less obvious is the possible species-
species correlation between Periophthalmus and
mangrove. Only a detailed survey of Periophthalmus and
mangrove, locality by locality, can adequately address this
issue. Additionally, other mangal associates such as crabs,
shrimps and molluscs could be incorporated in such a study
to assess the degree to which mangroves affect and
influence animal distributions.
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Table 1. Ranges, means and standard deviations of dorsal and anal fin

Genus

Apocryptes
Apocryptodon
Boleophthalmus
Oxuderces
Parapocryptes
Periophthalmodon
Periophthalmus
Pseudapocryptes
Scartelaos

Zappa

Table 2. Ranges, means

Genus

Apocryptes
Apocryptodon
Boleophthalmus
Oxuderces
Parapocryptes
Periophthalmodon
Periophthalmus
Pseudapocryptes
Scartelaos

Zappa

Spinous dorsal fin

mean
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[\
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range

KRN

1
- W
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1

sd

0.000
0.000
0.000
0.000
0.243
3.524
3.250
0.000
0.000
0.000
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elements.

Second dorsal fin
(total elements)

mean range

22.0
22.7
25.3
27.9
27.3
12.8
12.5
31.2
26.1
28.1

21-23
21-24
23-28
24-31
26-29
11-14
10-14
29-33
23-28
27-30

sd

0.667
1.018
1.151
2.222
0.849
0.622
1.000
0.970
1.116
1.069

Anal fin

(total elements)

mean

22.1
22.2
25.0
27.2
26.8
12.0
11.6
29.1
25.3
27.3

range

20-24
21-23
22-27
24-30
25-29
10-14
9-14

27-31
24-27
26-28

sd

1.101
0.878
1.066
1.908
0.951
1.031
1.250
0.899
0.847
0.951

and standard deviations of counts for pectoral fin rays and predorsal scales.

10
18
72
20
17
32
140
17
24

Pectoral fin rays
(right side)

mean

22.4
21.7
19.1
22.4
20.8
15.4
13.2
19.2
20.0
19.6

range

20-25
17-23
17-21
20-24
20-23
12-19
11-16
17-21
18-22
18-21

sd

1.578
1.353
0.900
1.334
0.928
1.625
1.250
1.091
0.908
0.976

Pectoral fin rays
(left side)

mean

22.2
22.1
19.2
22.4
20.6
15.2
13.1
19.5
20.2
19.6

range

20-25
18-24
16-21
20-25
19-22
12-18
11-16
18-21
18-22
19-20

sd

1.874
1.353
1.017
1.314
0.795
1.674
1.250
0.869
1.274
0.535

Table 3. Ranges, means and standard deviations of counts for transverse scales:

transverse scales from origin of second dorsal fin ventroposteriorly (TRDB).

Genus

Apocryptes
Apocryptodon
Boleophthalmus
Oxuderces
Parapocryptes
Periophthalmodon
Periophthalmus
Pseudapocryptes
Scartelaos

Zappa

Table 4. Ranges, means and standard deviations of counts for longitudinal scales, and upper and lower jaw

mean

36.2
15.9
29.9
21.2
20.2
14.4
20.3
40.1

TRF
range

26-46
13-18
19-43
17-26
16-26
12-17
12-32
31-63

sd

6.844
1.415
4.951
2.681
3.148
1.385
4.750
8.400

mean

32.3
14.6
27.2
19.2
19.4
13.5
18.7
40.1

TRB
range

25-40
13-17
18-38
16-25
15-26
12-16
11-30
31-59

sd

5.334
1.042
4.655
2.159
2.887
1.047
4.750
7.035

Predorsal Scales
mean range sd
53.5 44-63 6.835
25.7 19-33  3.773
37.8 25-60 6.375
349 22-44  6.851
33.3 23-40 3.989
21.4 16-26  2.697
27.7 18-40  5.500
75.9 56-113 14.217

transverse scales from anal
fin origin dorsoanteriorly (TRF); transverse scales from anal fin origin dorsoposteriorly (TRB); and

mean

35.7
15.9
30.4
21.5
20.8
13.2
19.6
44.5

TRDB
range

29-50
13-19
18-46
19-25
17-23
11-15
12-34
34-58

teeth. Number of upper jaw teeth indicated for Periophthalmodon is for the outer row only.

Genus

Apocryptes
Apocryptodon
Boleophthalmus
Oxuderces
Parapocryptes
Periophthalmodon
Periophthalmus
Pseudapocryptes
Scartelaos

Zappa

N

10
18
72
20
17
32
140
17

Longitudinal scales

mean

121.2
52.1
101.9
68.8
78.4
51.0
67.0
208.8

range

93-143
47-58
61-185
59-88
62-94
47-57
46-121

sd

19.263
4.013
22.465
8.284
9.532
2.747
18.750

150-275 42.103

Upper jaw teeth

mean

27.8
21.9
51.7
28.2
42.1
24.0
23.5
28.1
29.3
40.7

range

14-44
15-30
24-79
15-40
23-56
16-35
14-39
17-45
19-37
35-48

sd

9.987
3.857
10.572
6.438
10.078
4.348
6.250
7.889
5.435
4.680

sd

6.550
1.608
5.244
1.916
1.620
1.194
5.500
6.866

Lower jaw teeth

mean

26.8
31.4
55.7
27.0
31.9
21.4
21.7
17.7
35.4
20.0

range

18-36
22-49
30-81
12-49
23-44
16-26
11-39
12-26
17-47
19-22

sd

5.453
7.056
11.665
10.083
6.408
2.312
7.000
3.754
7.064
1.155

81
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Table 5. Ranges, means and measurements of head length, head depth and head width expressed as a
percentage of standard length.

Genus Head Length Head Depth Head Width
N mean range mean range mean range
Apocryptes 10 22.7 21.9-23.9 14.0 12.5-15.1 15.1 12.1-17.3
Apocryptodon 18 26.1 23.2-28.6 13.5 11.6-15.4 15.4 13.0-18.6
Boleophthalmus 72 27.0 23.6-31.1 15.1 12.6-17.3 15.7 12.0-20.9
Oxuderces 20 26.0 23.3-28.2 11.4 9.6-12.9 13.3 10.5-16.0
Parapocryptes 17 20.4 18.3-23.9 11.0 8.9-14.4 10.9 8.3-14.4
Periophthalmodon 32 29.2 25.9-33.6 18.2 16.0-20.8 16.4 13.3-20.9
Periophthalmus 140 27.5 24.2-31.1 17.3 14.3-23.8 17.5 12.6-22.6
Pseudapocryptes 17 18.5 14.8-22.0 10.1 7.8-13.1 10.0 6.9-13.4
Scartelaos 24 24.5 21.2-27.7 10.9 9.5-13.1 13.2 9.9-17.7
Zappa 7 23.9 22.1-25.7 11.7 10.3-13.7 14.2 11.4-18.5

Table 6. Ranges and means of measurements of length of spinous dorsal fin base, length of second dorsal fin
base, and length of anal fin base expressed as a percentage of standard length.

Genus D1 base D2 base Anal base
N mean range mean range mean range

Apocryptes 10 7.9 7.1-8.9 44.1 41.4-46.9 41.9 39.8-45.4
Apocryptodon 18 12.5 11.1-14.7 42.5 40.6-44.9 38.6 33.8-41.0
Boleophthalmus 72 13.3 9.8-18.9 43.4 38.2-47.9 39.4 34.5-43.3
Oxuderces 20 12.6 11.6-14.3 43.2 40.0-47.2 40.0 38.2-42.6
Parapocryptes 17 12.6 11.6-14.5 48.4 43.5-51.3 45.1 42.1-47.9
Periophthalmodon 32 10.9 3.2-17.9 22.9 20.1-27.0 20.2 16.0-23.6
Periophthalmus 140 19.3 2.9-27.6 22.1 16.3-27.2 18.3 14.0-24.0
Pseudapocryptes 17 7.1 6.2-7.7 47.7 42.8-52.0 45.3 40.5-48.1
Scartelaos 24 7.0 5.0-10.5 49.1 44.3-54.7 44.2 39.1-48.6
Zappa 7 6.9 4.7-9.5 46.5 43.9-50.1 42.5 40.2-45.6

Table 7. Ranges and means of measurements of caudal fin length (CFL), body depth and least depth of
caudal peduncle (LDP), all expressed as a percentage of standard length.

Genus CFL Body depth LDP

N mean range mean range mean range
Apocryptes 10 28.2 22.6-32.9 15.7 14.6-17.6 8.9 8.2-95
Apocryptodon 18 19.9 15.2-23.0 14.6 12.2-17.4 8.7 7.8-10.3
Boleophthalmus 72 20.8 17.9-25.5 15.7 12.1-18.4 8.8 7.4-9.8
Oxuderces 20 17.2 14.8-19.4 12.7 10.3-14.2 7.4 6.6-8.2
Parapocryptes 17 25.9 19.4-32.5 12.2 8.3-16.5 7.2  5.0-9.2
Periophthalmodon 32 19.4 13.1-23.3 16.3 14.0-18.8 10.6 9.4-12.9
Periophthalmus 140 19.3 14.4-23.6 149 11.6-18.4 9.3 74-11.4
Pseudapocryptes 17 20.3 16.1-23.4 12.5 9.9-15.9 7.2 5.7-8.3
Scartelaos 24 22.6 18.5-27.2 10.3 8.2-13.0 6.1 5.2-8.0
Zappa 7 25.0 21.4-27.9 9.8 9.3-11.3 6.1 5.2-7.3

Table 8. Ranges and means of measurements of pectoral fin length and pelvic fin length in percent of standard
length.

Genus Pectoral fin length Pelvic fin length
N mean range mean  range

Apocryptes 10 16.2 14.2-17.9 13.8 12.7-15.3
Apocryptodon 18 17.1 14.7-19.9 16.2 14.6-19.2
Boleophthalmus 72 19.5 14.9-27.6 14.6 11.4-18.2
Oxuderces 18 15.7 13.9-18.0 14.7 12.4-16.6
Parapocryptes 17 14.7 11.8-16.7 14.5 12.0-18.2
Periophthalmodon 32 25.4 22.1-29.2 15.8 14.0-18.7
Periophthalmus 140 26.3 21.4-34.7 13.5 10.9-17.1
Pseudapocryptes 17 12.8 10.4-16.6 11.3  9.0-13.8

Scartelaos 24 15.4 12.2-18.6 12.6 10.8-15.4
Zappa 7 14.9 13.4-15.8 13.5 12.4-14.4
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Table 9. Ranges, means and standard deviations of counts of dorsal and anal fin rays for species of
Apocryptes (As.), Apocryptodon (An.), Boleophthalmus,  Oxuderces, Parapocryptes (Pa.), Pseudapocryptes
(Ps.), Scartelaos and Zappa.

Genus Spinous dorsal fin Second dorsal fin Anal fin
(total elements) (total elements)

N mean range sd mean range sd mean range sd
As. bato 10 5 5 0.000 22.0 21-23 0.667 22.1 20-24 1.101
An. madurensis 9 6 6 0.000 22.3 21-24 1.000 21.7 21-23  0.972
An. punctatus 9 6 6 0.000 23.1 22-24 0.928 22.7 22-23  0.500
B. birdsongi 10 5 5 0.000 24.1 23-25 0.568 23.2  22-24 0.789
B. boddarti 20 S5 5 0.000 24.5 24-26 0.605 24.5 24-26 0.596
B. caeruleomaculatus 11 5 5 0.000 27.0 24-28 1.522 26.4 24-27 1.467
B. dussumieri 11 5 5 0.000 26.8 24-28 1.401 25.6  24-27 1.027
B. pectinirostris 20 5 5 0.000 24.8 23-26 0.851 24.3  23-25 0.657
0. dentatus 10 6 6 0.000 25.9 24-27 0.994 25.5 24-26 0.707
0. wirzi 10 6 6 0.000 29.9 29-31 0.738 28.9 27-30 0.876
Pa. rictuosus 7 5.9 5-6 0.378 26.9 26-28 0.690 26.4 26-27 0.535
Pa. serperaster 10 6 6 0.000 27.6 26-29 0.843 27.1  25-29 1.101
Ps. borneensis 5 5 5 0.000 31.0 31 0.000 28.4 27-29 0.894
Ps. lanceolatus 12 5 5 0.000 31.3 29-33 1.155 29.3  28-31 0.778
S. cantoris 3 5 5 0.000 25.0 23-26 1.732 24.3  24-25 0.577
S. gigas 1 5 5 0.000 24 24 0.000 24 24 0.000
S. histophorus 10 5 5 0.000 25.9 25-27 0.738 25.5 24-27 0.972
S. tenuis 10 5 5 0.000 26.9 26-28 0.568 25.4 25-26 0.516
Z. confluentus 7 5 5 0.000 28.1 27-30 1.069 27.3  26-28 0.951

Table 10. Ranges, means and standard deviations of counts for pectoral fin rays and predorsal scales for
species of Apocryptes (As.), Apocryptodon (An.), Boleophthalmus,  Oxuderces, Parapocryptes (Pa.),
Pseudapocryptes (Ps.), Scartelaos and Zappa.

Genus Pectoral fin rays Pectoral fin rays Predorsal scales
(right side) (left side)
N mean range sd mean range sd mean range sd

As. bato 10 22.4 20-25 1.578 22.2 20-25 1.874 53.5 44-63 6.835
An. madurensis 9 21.8 21-23 0.833 22.5 22-23 0.500 23.4 19-27 2.833
An. punctatus 9 21.7 17-23 1.871 21.7 18-24 1.803 27.9 22-33 3.333
B. birdsongi 10 18.8 17-20 0.919 18.7 17-20 0.823 46.3 38-60 6.945
B. boddarti 20 19.4 17-20 0.813 19.7 18-21 0.733 29.2 25-35 2.519
B. caeruleomaculatus 11 19.6  17-21 1.120 19.8 18-21 1.033 40.4 30-53 8.503
B. dussumieri 11 18.5 17-20 0.934 18.8 16-20 1.328 52.6 48-56 2.764
B. pectinirostris 20 18.9 18-20 0.642 18.8 18-20 0.696 33.9 26-48 6.299
0. dentatus 10 21.4 20-24 1.165 21.9 20-24 1.101 4.2 0-22 9.500
0. wirzi 10 23.4 23-24 0.516 22.9 20-25 1.370 36.2 26-44  5.640
Pa. rictuosus 7 21.1  20-23 1.345 20.7 19-22 1.113 35.9 32-40 2.619
Pa. serperaster 10 20.6 20-21 0.458 20.5 20-21 0.527 31.4 23-38 3.777
Ps. borneensis 5 19.6 18-21 1.140 20.0 19-21 0.707 70.4 60-80 8.503
Ps. lanceolatus 12 19.1 17-21 1.084 19.3 18-21 0.863 78.2 56-113 15.759
S. cantoris 3 19.0 18-20 1.000 19.0 18-20 1.000 - - -

S. gigas 1 20 20 0.000 22 22 0.000 - - -

S. histophorus 10 19.9 19-21 0.876 20.2 18-22 1.317 - - -

S. tenuis 10 20.5 20-22 0.707 20.3 18-22 1.160 - - -

Z. confluentus 7 19.6 18-21 0.976 19.6 19-20 0.535 - - -
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Table 11. Ranges, means and standard deviations of counts for transverse scales: transverse scales from
anal fin origin dorsoanteriorly (TRF); transverse scales from anal fin origin dorsoposteriorly (TRB); and
transverse scales from origin of second dorsal fin ventroposteriorly (TRDB) for species of Apocryptes
(As.), Apocryptodon (An.), Boleophthalmus, Oxuderces, Parapocryptes (Pa.), Pseudapocryptes (Ps.),
Scartelaos and Zappa.

Genus TRF TRB TRDB
N mean range sd mean range sd mean range sd

As. bato 10 36.2 26-46 6.844 32.3 25-40 5.334 35.7 29-50 6.550
An. madurensis 9 16.0 13-18 1.664 14.8 13-17 1.202 15.8 13-18 1.929
An. punctatus 9 15.8 14-18 1.202 14.3 13-16 0.866 16.0 15-19 1.323
B. birdsongi 10 33.8 27-43 5.224 29.3 26-36 3.561 34.6  29-43  4.326
B. boddarti 20  23.1 19-27 2.350 20.8 18-23 1.446 22.4  18-27 2.280
B. caeruleomaculatus 11 35.0 30-41 4.062 31.2 24-35 4.550 34.8 27-40 4.868
B. dussumieri 11 35.6  31-42 3.412 32.3 28-38 3.378 37.8 30-46 4.354
B. pectinirostris 20 30.6 22-39 4.796 29.0 23-36 3.692 31.4 22-37 3.789
O. dentatus 10 21.2 18-26 3.011 19.0 16-25 2.404 22.4  19-25 2.066
0. wirzi 10 21.1 17-25 2.470 19.3 16-23 2.000 20.7 19-23  1.334
Pa. rictuosus 7 17.4  16-19 1.239 17.8 16-20 1.461 20.1  18-21 1.029
Pa. serperaster 10 22.2 20-26 2.486 20.5 15-26 3.171 21.3  17-23  1.829
Ps. borneensis 5 42.2  35-52 7.085 41.0 36-46 4.000 46.6 40-53 4.827
Ps. lanceolatus 12 39.2 31-63 9.024 39.8 31-59 8.103 43.7 34-58 7.572
S. cantoris 3 - - - - - - - - -

S. gigas 1 - - - - - - - - -

S. histophorus 10 - - - - - - - - -

S. tenuis 10 - - - - - - - - -

Z. confluentus 7 - - - - - - - - -

Table 12. Ranges, means and standard deviations of counts for longitudinal scales, and upper and lower jaw
teeth for species of Apocryptes (As.), Apocryptodon (An.), Boleophthalmus, Oxuderces, Parapocryptes (Pa.),
Pseudapocryptes (Ps.), Scartelaos and Zappa.

Genus Longitudinal scales Upper jaw teeth Lower jaw teeth
N mean range sd mean range sd mean range sd

As. bato 10 121.2 93-143 19.263 27.8 14-44 9.987 26.8 18-36  5.453
An. madurensis 9 50.0 47-57 3.428 21.6 15-30 4.558 33.1 22-49 9.466
An. punctatus 9 54.2  49-58 3.528 22.3 18-27 3.240 29.7 25-34 3.082
B. birdsongi 10 103.1 89-111 7.520 48.2 35-56 6.197 47.2 39-57 6.303
B. boddarti 20 71.4 61-79 5.471 55.8 37-72 7.495 62.1 49-74  7.702
B. caeruleomaculatus 11 119.0 90-136 19.723 54.0 36-70 12.304 62.0 32-81 14.484
B. dussumieri 11 146.2 103-185 23.800 54.2 39-76 11.663 60.3 43-71 9.921
B. pectinirostris 20 104.1 84-123 11.069 48.4 31-79 10.378 48.1 31-64 8.127
O. dentatus 10 63.2 59-66 2.658 253 15-35 5.513 19.4 12-28  4.987
0. wirzi 10 74.3 61-88 8.327 31.2 18-40 6.125 34.7 25-49 7.704
Pa. rictuosus 7 87.7 81-94 3.968 34.6 23-51 9.467 35.9 27-44  6.203
Pa. serperaster 10 71.9 62-81 6.118 47.3 37-56 6.832 29.2 23-39 5.203
Ps. borneensis 5 192.0 159-21420.236 32.0 23-41 6.819 18.6 15-23 3.209
Ps. lanceolatus 12 215.8 150-27547.419 26.5 17-45 7.994 17.3 12-26 4.030
S. cantoris 3 - - - 30.7 25-37 6.028 41.7 39-46 3.786
S. gigas 1 - - - 37 37 0.000 36 36 0.000
S. histophorus 10 - - - 24.7 19-31 4.111 31.5 17-42 8.059
S. tenuis 10 - - - 32.8 31-37 2.486 37.3 31-47 5.034

Z. confluentus 7 - - - 40.7 35-48 4.680 20.0 19-22 1.155
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Table 13. Ranges and means of measurements of head length, head depth and head width expressed as a
percentage of standard length for species of Apocryptes (As.), Apocryptodon (An.), Boleophthalmus,
Oxuderces, Parapocryptes (Pa.), Pseudapocryptes (Ps.), Scartelaos and Zappa.

Genus Head Length Head Depth Head Width

N mean range mean range mean range
As. bato 10 22.7 21.9-23.9 14.0 12.5-15.1 15.1 12.1-17.3
An. madurensis 9 26.1 24.4-28.1 14.3 13.3-15.4 16.2 13.6-18.6
An. punctatus 9 26.1 23.2-28.6 12.8 11.6-13.7 14.6 13.0-16.3
B. birdsongi 10  28.9 26.6-31.1 15.6 14.3-16.8 17.7 14.7-20.9
B. boddarti 20 27.0 25.0-30.4 16.0 15.0-17.0 16.6 14.2-20.6
B. caeruleomaculatus 11 28.0 27.0-29.8 15.6 14.3-17.3 14.4 12.4-17.3
B. dussumieri 11 25.8 23.6-28.7 13.4 12.6-15.2 13.6 12.0-17.9
B. pectinirostris 20 26.0 24.3-28.0 14.7 13.5-15.9 15.6 13.0-17.9
0. dentatus 10  26.2 24.1-27.5 11.6 9.9-12.6 13.2 10.5-16.0
0. wirzi 10 25.8 23.3-28.2 11.2 9.6-12.9 13.4 10.9-15.3
Pa. rictuosus 7 20.8 18.5-23.5 9.9 8.9-11.5 9.5 8.3-11.2
Pa. serperaster 10  20.2 18.3-23.9 11.8 9.8-14.4 11.9 9.9-14.4
Ps. borneensis 5 20.6 20.0-21.9 12.1 11.1-13.1 12.6 12.0-13.4
Ps. lanceolatus 12 17.7 14.8-22.0 9.3 7.8-11.4 8.9 6.9-11.0
S. cantoris 3 25.1 24.8-25.5 11.3 10.4-12.5 13.8 12.4-16.2
S. gigas 1 24.1 24.1 13.1 13.1 14.7 14.7
S. histophorus 10 24.8 21.2-27.7 11.2 10.1-12.4 13.2 9.9-17.7
S. tenuis 10 24.0 23.3-25.1 10.2 9.5-10.8 13.0 11.7-14.6
Z. confluentus 7 23.9 22.1-25.7 11.7 10.3-13.7 14.2 11.4-18.5

Table 14. Ranges and means of measurements of length of spinous dorsal fin base, length of second dorsal
fin base, and length of anal fin base expressed as a percentage of standard length for species of Apocryptes
(As.), Apocryptodon (An.), Boleophthalmus, Oxuderces, Parapocryptes (Pa.), Pseudapocryptes (Ps.),
Scartelaos and Zappa. :

Genus D1 base D2 base Anal base
N mean range mean range mean range

As. bato 10 7.9 7.1-8.9 44.1 41.4-46.9 41.9 39.8-45.4
An. madurensis 9 12.8 11.1-14.7 42.8 41.1-44.9 39.8 38.2-41.0
An. punctatus 9 12.2 11.4-13.8 42.1 40.6-44.6 37.3 33.8-40.8
B. birdsongi 10 11.2 9.8-13.0 41.5 38.2-43.5 38.3  34.5-42.7
B. boddarti 20 11.5 9.9-13.1 43.4 40.2-46.4 40.2 38.1-42.4
B. caeruleomaculatus 11 16.2 12.6-18.9 45.0 43.2-47.9 40.1 36.2-43.3
B. dussumieri 11 17.4 16.4-18.5 43.6 42.2-44.7 39.0 35.8-41.3
B. pectinirostris 20 12.3 9.9-14.3 43.4 41.5-46.1 38.9 36.6-40.9
0. dentatus 10 12.2 11.6-13.7 42.1 40.0-44.4 39.2 38.5-41.0
0. wirzi 10 13.1 12.4-14.3 44.3 41.1-47.2 40.8 38.2-42.6
Pa. rictuosus 7 12.6 11.6-13.5 49.2 48.0-50.3 45.1 42.9-47.3
Pa. serperaster 10 12.6 11.8-14.5 47.8 43.5-51.3 45.1 42.1-47.9
Ps. borneensis 5 7.4 6.8-7.6 46.0 44.0-47.6 43,9 43.2-45.0
Ps. lanceolatus 12 7.0 6.2-7.7 48.4 42.8-52.0 45.9 40.5-48.1
S. cantoris 3 9.6 9.1-10.5 48.4 44.3-54.7 43.4 42.0-46.2
S. gigas 1 5.0 5.0 45.4 45.4 39.1 39.1

S. histophorus 10 6.4 5.7-7.5 48.5 46.6-50.5 45.9 41.0-48.6
S. tenuis 10 7.1 5.6-8.3 50.2 48.1-51.9 43.4 40.3-45.4
Z. confluentus 7 6.9 4.7-9.5 46.5 43.9-50.1 42.5 40.2-45.6



86  Records of the Australian Museum (1988) Supplement 11

Table 15. Ranges and means of measurements of caudal fin length (CFL), body depth and least depth of
caudal peduncle (LDP), all expressed as a percentage of standard length, for species of Apocryptes (As.),
Apocryptodon (An.), Boleophthalmus, Oxuderces, Parapocryptes (Pa.), Pseudapocryptes (Ps.), Scartelaos

and Zappa.
Genus CFL Body depth LDP

N mean range mean range mean range
As. bato 10 28.2 22.6-32.9 15.7 14.6-17.6 8.9 8.2-9.5
An. madurensis 9 19.5 17.2-21.9 15.7 13.2-17.4 9.0 7.8-10.3
An. punctatus 9 20.3  18.2-23.0 13.4 12.2-14.1 8.4 7.8-9.8
B. birdsongi 10 20.7 17.9-24.6 15.3 14.0-17.8 9.0 8.1-9.7
B. boddarti 20 19.9 17.9-23.3 17.0 14.5-18.4 9.2 8.3-9.8
B. caeruleomaculatus 11 20.4 18.5-22.7 15.4 12.1-17.0 8.7 7.5-9.3
B. dussumieri 11 23.6  21.9-25.5 14.4 13.3-15.4 8.1 7.4-8.6
B. pectinirostris 20 20.2 18.3-22.2 15.2 12.2-17.6 8.7 7.8-9.3
0. dentatus 10 17.1 15.1-19.4 13.0 10.3-14.2 7.3 6.6-7.8
0. wirzi 10 17.3 14.8-19.1 12.3 11.0-12.8 7.6 6.6-8.2
Pa. rictuosus 7 30.1  26.6-32.5 9.8 8.3-11.6 6.0 5.0-6.9
Pa. serperaster 10 23.0 19.4-26.7 13.9 10.5-16.5 8.1 7.2-9.2
Ps. borneensis 5 19.9 17.2-23.4 15.1 14.3-15.9 7.9 7.6-8.1
Ps. lanceolatus 12 20.5 16.1-23.4 11.4 9.9-13.6 6.9 5.7-8.3
S. cantoris 3 24.3  22.5-27.2 11.7 10.6-12.6 6.6 6.4-6.8
S. gigas 1 18.5 18.5 13.0 13.0 8.0 8.0
S. histophorus 10 22.2 18.5-25.1 10.9 9.6-12.7 5.9 5.2-6.7
S. tenuis 10 23.0 21.7-26.3 9.1 8.2-9.7 6.1 5.5-6.5
Z. confluentus 7 25.0 21.4-27.9 9.8 9.3-11.3 6.1 5.2-7.3

Table 16. Ranges and means of measurements of pectoral fin length and pelvic fin length expressed as a
percentage of standard length for the species of Apocryptes (As.), Apocryptodon (An.), Boleophthalmus,
Oxuderces, Parapocryptes (Pa.), Pseudapocryptes (Ps.), Scartelaos and Zappa. The type of basihyal for each
species is also provided.

Genus Pectoral fin Pelvic fin Basihyal

length length type

N mean range mean range

As. bato 10 16.2 14.2-17.9 13.8 12.7-15.3 spatulate
An. madurensis 9 17.3 16.0-18.9 15.8 14.6-17.4 bifid
An. punctatus 9 16.8 14.7-19.9 16.6 14.8-19.2 unknown
B. birdsongi 10 19.7 17.4-22.1 14.4 11.9-15.5 bifid
B. boddarti 20 19.1 16.5-22.1 14.6 12.8-16.3 bifid
B. caeruleomaculatus 11 23.6 20.9-27.6 16.7 15.6-18.2 bifid
B. dussumieri 11 17.4 14.9-19.8 13.0 11.4-15.7 bifid
B. pectinirostris 20 18.8 16.0-22.3 14.2 13.4-15.2 bifid
O. dentatus 10 15.4 13.9-16.6 14.9 13.4-16.2 spatulate
0. wirzi 10 16.0 14.6-18.0 14.5 12.4-16.6 bifid
Pa. rictuosus 7 13.8 11.8-16.0 14.3 12.0-16.0 unknown
Pa. serperaster 10 15.3 12.9-16.7 14.7 12.2-18.2 bifid
Ps. borneensis 5 15.0 13.1-16.6 13.2 12.3-13.8 unknown
Ps. lanceolatus 12 11.9 10.4-13.4 10.6 9.0-11.5 spatulate
S. cantoris 3 16.8 15.2-18.2 12.7 12.4-12.9 unknown
S. gigas 1 15.1 15.1 13.5 13.5 unknown
S. histophorus 10 15.7 12.2-18.6 13.4 10.9-15.4 spatulate
S. tenuis 10  14.7 13.3-16.4 11.6 10.8-12.8 spatulate
Z. confluentus 7 14.9 13.4-15.8 13.5 12.4-14.4 spatulate
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Table 17. Ranges, means and standard deviations of counts of dorsal and anal fin rays for species of
Periophthalmodon (Pn.) and Periophthalmus (Ps.).

Genus Spinous dorsal fin Second dorsal fin Anal fin
(total elements) (total elements)
N mean range sd mean range sd mean range sd

Pn. freycineti 10 4.1 4-5 0.316 12.7 12-13 0.483 12.6 11-13 0.699
Pn. schlosseri 10 8.0 7-9 0.816 12.7 12-13 0.483 12.7 12-14 0.675
Pn. septemradiatus 12 104 4-15 3.801 12.8 11-14 0.835 11.0 10-12 0.603
Ps. argentilineatus 20 139 11-16 1.861 12.0 10-13 0.725 11.0 9-12 0.686
Ps. barbarus 11 11.5 10-14 1.128 129 11-14 1.136 9.9 9-11 0.701
Ps. chrysospilos 10 8.7 7-10  1.059 12.5 12-13 0.527 11.7 11-13 0.675
Ps. gracilis 10 9.4 9-11 0.699 12.1 12-13 0.316 11.9 11-12 0.316
Ps. kalolo 10 129 11-15 1.101 12.3 12-13 0.483 11.6 11-12 0.516
Ps. malaccensis 10 9.8 9-10 0.422 11.6 11-12 0.516 11.3 11-12 0.483
Ps. minutus 11 12.5 10-17 1.968 11.9 11-13 0.539 11.4 11-12 0.505
Ps. modestus 12 13.1 10-17 1.881 12.6 12-14 0.669 12.3 11-13 0.622
Ps. novaeguineaensis 16 9.1 5-13  2.335 12.9 12-14 0.574 12.1 11-13  0.443
Ps. novemradiatus 10 9.3 9-11 0.675 13.1 13-14 0.316 13.7 12-14 0.675
Ps. waltoni 10 12.0 10-13 1.054 13.8 13-14 0.422 11.8 11-12 0.422
Ps. weberi 10 9.9 4-16 3.900 13.1 11-14 1.197 10.9 9-12 0.994

Table 18. Ranges, means and standard deviations of counts for pectoral fin rays and predorsal scales for
species of Periophthalmodon (Pn.) and Periophthalmus  (Ps.).

Genus Pectoral fin rays Pectoral fin rays Predorsal scales
(right side) (left side)

N mean range sd mean range sd mean range sd
Pn. freycineti 10 16.0 15-17 0.667 15.4 13-16 0.966 20.1 17-21 1.287
Pn. schlosseri 10 17.0 16-19 0.816 17.0 16-18 0.667 24.0 20-26 2.160
Pn. septemradiatus 12 13.7 12-15 0.778 13.5 12-15 0.798 20.3 16-23 0.798
Ps. argentilineatus 20 12.8 12-14 0.550 12.6 11-14 0.826 29.1 22-37 4.621
Ps. barbarus 11 13.1  12-14 0.539 13.3 13-14 0.467 31.7 28-36 2.803
Ps. chrysospilos 10 14.7 13-16 1.160 14.7 14-16 0.675 28.5 24-32 2.991
Ps. gracilis 10 12.2 11-13 0.632 12.6 11-14 0.843 22.2 19-24 1.814
Ps. kalolo 10 129 12-14 0.568 12.7 12-13 0.483 33.6 27-40 4.402
Ps. malaccensis 10 12.6 12-13 0.516 12.4 11-13 0.699 23.0 21-24 1.054
Ps. minutus 11 12.2  11-14 0.786 12.1 11-13 0.539 25.7 21-30 2.832
Ps. modestus 12 13.8 13-16 0.866 13.7 11-15 1.155 29.8 25-35 2.832
Ps. novaeguineaensis 16  13.8 13-15 0.683 13.3 12-14 0.790 27.2 23-34 2.949
Ps. novemradiatus 10 129 11-14 0.876 13.0 12-14 0.471 24.5 20-28 2.415
Ps. waltoni . 10 14.7 14-15 0.483 14.5 13-15 0.850 32.7 27-37 3.302
Ps. weberi 10 13.4 12-16 1.075 13.2 12-14 0.632 22.2 18-24 1.874

Table 19. Ranges, means and standard deviations of counts for transverse scales: transverse scales from
anal fin origin dorsoanteriorly (TRF); transverse scales from anal fin origin dorsoposteriorly (TRB); and
transverse scales from origin of second dorsal fin ventroposteriorly (TRDB) for species of
Periophthalmodon (Pn.) and Periophthalmus (Ps.).

Genus TRF TRB TRDB

N mean range sd mean range sd mean range sd
Pn. freycineti 10 14.2 12-16 1.476 13.7 13-15 0.675 12.7 11-14 1.059
Pn. schlosseri 10 15.4 14-17 1.174 14.0 13-16 1.247 14.1 12-15 0.994

Pn. septemradiatus 12 13.7 12-16 0.985 12.9 12-15 0:900 12.8 11-15 1.055
Ps. argentilineatus 20 21.2 16-27 2.876 19.2 15-24 2.254 20.8 18-26 2.359

Ps. barbarus 11 27.5 23-31 2.945 24.2 20-30 3.371 25.5 20-34 3.959
Ps. chrysospilos 10 18.7 16-22 2.111 16.7 14-19 1.494 17.0 15-19 1.247
Ps. gracilis 10 18.3 17-19 0.823 17.8 16-20 1.135 17.1 14-20 1.729
Ps. kalolo 10 21.6 18-28 3.098 20.0 18-24 2.211 20.2 18-22 1.476
Ps. malaccensis 10 15.8 13-19 2.044 15.2 13-17 1.317 15.7 14-17 0.823
Ps. minutus 11 18.0 16-21 1.612 16.8 14-19 1.537 17.5 16-19 1.440
Ps. modestus 12 23,5 19-27 2.505 21.6 19-27 2.392 24.1 19-29 2.429
Ps. novaeguineaensis 16 18.1 16-21 1.731 17.1 15-20 1.962 18.0 15-21 1.966
Ps. novemradiatus 10 18.8 16-23 2.658 17.9 15-21 1.853 18.5 15-21 1.900
Ps. waltoni 10 27.3 24-32 2.830 23,7 20-26 2.263 25.1  21-28 2.424

Ps. weberi 10 14.8 12-18 1.751 13.4 11-19 2.366 14.0 12-17 1.633
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Table 20. Ranges, means, and standard deviations of counts for longitudinal scales, and upper and lower
jaw teeth for species of Periophthalmodon (Pn.) and Periophthalmus (Ps.). Number of upper jaw teeth
indicated for Periophthalmodon is for the outer row only.

Genus Longitudinal scales Upper jaw teeth Lower jaw teeth

N mean range sd mean range sd mean range sd
Pn. freycineti 10 50.5 48-53 1.716 245 16-32 4.453 20.7 18-25 2.669
Pn. schlosseri 10 53.0 47-57 3.300 23.0 18-28 3.682 20.6 16-23 2.066

Pn. septemradiatus 12 49.8 47-53 2.904 24.4 18-35 4.963 22.7 20-26 1.723
Ps. argentilineatus 20 81.1 64-100 9.339 19.5 13-26 3.687 18.9 12-25 3.986

Ps. barbarus 11 96.6 86-107 7.646 20.4 14-25 3.499 17.0 11-21 2.757
Ps. chrysospilos 10 70.7 64-77 4.373 27.2 18-36 6.033 24.5 14-35 7.412
Ps. gracilis 10 59.2 52-70 6.143 22.1 14-28 4.909 22.8 15-29 4.442
Ps. kalolo 10 746 66-86 6.518 18.8 13-25 3.360 16.1 11-23 3.446
Ps. malaccensis 10 54.0 47-61 3.887 239 21-28 2.885 22.0 19-25 1.764
Ps. minutus 11 69.8 62-78 5.056 21.1 17-25 3.048 21.4 16-27 3.233
Ps. modestus 12 85.3 75-100 6.746 25.1 21-30 2.429 255 21-30 2.782
Ps. novaeguineaensis 16  68.6 54-78 7.429 27.8 16-39 6.557 26.4 19-39 5.440
Ps. novemradiatus 10 67.8 61-76 5.673 29.0 23-35 3.651 27.1 23-33 3.143
Ps. waltoni 10 103.4 91-121 9.430 25.7 19-28 2.908 19.8 17-23 1.932
Ps. weberi 10 50.1 46-52 2.025 23.2 16-28 3.882 18.9 17-22 1.663

Table 21. Ranges and means of measurements of head length, head depth and head width expressed as a
percentage of standard length for species of Periophthalmodon (Pn.) and Periophthalmus (Ps.).

Genus Head Length Head Depth Head Width

N mean range mean range mean range
Pn. freycineti 10 30.4 27.4-33.6 18.8 16.9-20.8 17.4 14.3-19.8
Pn. schlosseri 10 29.7 28.2-31.2 18.3 16.9-18.8 16.7 13.8-20.9
Pn. septemradiatus 12 27.8 25.9-31.0 17.7 16.0-19.7 15.4 13.3-18.7
Ps. argentilineatus 20 26.7 25.3-28.7 17.5 15.8-19.3 18.7 14.3-22.6
Ps. barbarus 11 28.3 26.1-31.1 19.2 16.8-23.8 18.1 15.4-21.8
Ps. chrysospilos 10 28.3 26.1-30.1 17.6 14.6-20.6 17.3 12.6-21.8
Ps. gracilis 10 26.0 24.2-27.1 16.3 15.0-17.1 17.1 14.2-19.3
Ps. kalolo 10  28.3 26.3-30.2 18.0 16.5-20.2 19.7 16.5-22.5
Ps. malaccensis 10 28.2 24.4-29.8 18.1 16.4-19.7 16.6 14.3-19.5
Ps. minutus 11 26.8 25.4-279 17.7 15.7-19.2 17.1 14.2-18.9
Ps. modestus 12 26.8 25.4-28.3 16.3 14.9-17.7 17.1 14.1-19.8
Ps. novaeguineaensis 16  27.2 25.5-29.4 16.5 15.1-17.8 17.3 15.1-20.2
Ps. novemradiatus 10 26.9° 25.9-28.3 16.1 14.8-18.0 15.9 13.2-18.6
Ps. waltoni 10 29.2 27.5-30.9 16.3 14.3-17.9 17.0 13.7-21.9
Ps. weberi 10 28.0 26.8-29.6 18.1 17.4-19.4 17.4 15.4-19.4

Table 22. Ranges and means of measurements of length of spinous dorsal fin base, length of second dorsal
fin base, and length of anal fin base expressed as a percentage of standard length for species of
Periophthalmodon (Pn.) and Periophthalmus (Ps.).

Genus D1 base D2 base Anal base
N mean range mean range mean range

Pn. freycineti 10 6.3 5.0-8.1 22.4 20.4-23.8 22.4 21.2-23.6
Pn. schlosseri 10 13.9 10.3-16.7 22.3 21.5-23.4 21.2 19.9-23.2
Pn. septemradiatus 12 12.3  3.2-17.9 23.9 20.1-27.0 17.6 16.0-18.9
Ps. argentilineatus 20 22.2  15.9-27.4 20.8 17.6-23.7 16.8 14.0-19.4
Ps. barbarus 11 16.3 14.2-18.2 22.7 20.9-24.1 15.5 14.1-17.7
Ps. chrysospilos 10 17.6 14.8-21.0 21.2 16.3-24.3 18.5 16.7-20.6
Ps. gracilis 10 14.8 13.2-18.5 20.0 18.8-21.3 19.3 17.8-21.1
Ps. kalolo 10 19.7 16.9-22.6 20.9 18.5-23.8 17.6 15.9-18.7
Ps. malaccensis 10 21.0 18.4-23.0 19.8 17.0-23.2 17.7 15.4-20.6
Ps. minutus 11 20.9 18.6-24.9 21.3 20.1-22.7 17.7 15.7-19.3
Ps. modestus 12 21.8 19.9-24.5 22.7 19.8-24.1 19.8 16.1-22.2
Ps. novaeguineaensis 16 17.6 8.2-22.9 22.8 18.8-26.8 19.3 16.8-21.9
Ps. novemradiatus 10 20.6 18.9-22.5 24.1 21.9-25.9 22.3 19.1-24.0
Ps. waltoni 10 21.8 19.1-27.6 24.8 23.2-27.2 19.0 16.2-21.0
Ps. weberi 10 14.4 2.9-24.4 24.5 20.6-26.8 16.5 14.2-18.5
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Table 23. Ranges and means of measurements of caudal fin length (CFL), body depth and least depth of
caudal peduncle (LDP), all expressed as a percentage of standard length) for species of Periophthalmodon

(Pn.) and Periophthalmus (Ps.).
Genus CFL Body depth LDP

N mean range mean range mean range
Pn. freycineti 10 20.4 17.4-23.3 16.6 15.4-18.8 11.0 10.1-12.9
Pn. schlosseri 10 19.5 18.5-21.8 15.8 14.7-17.1 10.2 9.4-11.0
Pn. septemradiatus 12 18.5 13.1-21.4 16.4 14.0-18.4 10.5 9.5-11.3
Ps. argentilineatus 20 18.2 14.4-21.4 149 12.8-17.3 9.5 7.9-11.1
Ps. barbarus 11 20.3  17.5-22.8 15.7 14.5-18.1 9.6 8.5-10.8
Ps. chrysospilos 10 19.7 18.0-21.2 154 12.8-18.4 9.3 7.4-10.7
Ps. gracilis 10 19.2 17.7-20.5 13.8 12.8-15.2 8.9 8.4-10.1
Ps. kalolo 10 20.2 15.1-22.8 15.0 14.2-15.9 9.7 9.1-10.1
Ps. malaccensis 10 21.3 19.5-23.6 15.7 14.5-16.9 9.8 8.8-10.9
Ps. minutus 11 17.3  15.6-20.1 14.8 13.6-17.5 9.2 8.8-11.1
Ps. modestus 12 18.1 16.0-20.3 15.0 14.3-16.1 9.3 8.2-10.5
Ps. novaeguineaensis 16 18.9 16.0-22.7 14.4 12.2-16.1 9.0 7.7-9.9
Ps. novemradiatus 10 18.8 16.6-20.8 14.6 12.3-15.7 8.9 7.4-9.5
Ps. waltoni 10 18.5 16.4-19.8 13.0 11.6-14.3 8.3 7.6-9.8
Ps. weberi 10 19.7 16.9-23.4 16.2 14.3-17.7 10.7 9.6-11.4

Table 24. Ranges and means of measurements of pectoral fin length, pelvic fin length and pectoral fin
height expressed as a percentage of standard length for the species of Periophthalmodon (Pn.) and
Periophthalmus (Ps.).

Genus Pectoral fin Pelvic fin Pectoral fin
length length height

N mean range mean range mean range
Pn. freycineti 10 25.8 23.8-29.2 16.2 14.6-18.7 12.1 10.3-14.4
Pn. schlosseri 10 24.9 22.2-27.3 15.9 14.0-17.1 12.1 11.0-13.1
Pn. septemradiatus 12 254 22.1-28.2 15.5 14.3-16.8 11.2 9.6-12.1
Ps. argentilineatus 20  26.9 23.9-29.7 13.2 11.3-15.2 10.8 9.8-11.9
Ps. barbarus 11 26.4 21.4-34.7 14.9 14.2-16.0 - -
Ps. chrysospilos 10  26.7 24.6-29.0 14.3 12.4-16.8 11.3 9.4-13.9
Ps. gracilis 10  25.2 23.6-27.7 12.8 11.7-15.1 9.5 7.8-10.3
Ps. kalolo 10 28.0 24.6-30.2 14.5 13.1-15.4 10.5 9.7-11.7
Ps. malaccensis 10 26.6  25.1-28.5 14.5 13.6-16.1 10.7 8.7-12.1
Ps. minutus 11 26.3 23.8-28.5 12.8 11.6-14.8 9.7 8.2-11.3
Ps. modestus 12 25.8 22.8-28.3 13.0 11.5-14.6 10.7 8.6-12.1
Ps. novaeguineaensis 16 26.4  24.2-29.7 12.4 10.9-14.5 10.3 9.0-12.4
Ps. novemradiatus 10 24.8 22.7-27.7 12.3 11.3-13.3 10.8 10.1-11.4
Ps. waltoni 10 26.4 24.7-27.9 12.8 11.8-13.9 10.5 9.5-11.5
Ps. weberi 10 25.0 23.4-26.2 15.7 15.0-17.1 10.4 8.4-11.7

Table 25. Distribution of spinous dorsal-fin pterygiophore formulae (DF) within species of
Periophthalmodon (Pn.) and Periophthalmus (Ps.). Modal and variant formulae are given followed by
frequency of occurrence (in parentheses). An asterisk indicates that the preceding pterygiophore does not

have an attached spine. The first pterygiophore in all species inserts posterior to the third neural spine.
Species Mode 1 Mode 2 Variants
Ps. modestus 1311*00 (7) 1301*000 (3)
Ps. novemradiatus 131100 (8) 1311*00 (2) 140100 (1)
Ps. malaccensis 1311*000 (15) 1401*000 (1)
Ps. argentilineatus 1301*000 (15)
Ps. gracilis 1301*000 (5) 1301*0000 (2) 13001*000 (1)
Ps. kalolo 1301*#000 (6) 1311*000 (2) 1401*000 (1)
Ps. minutus 1301*000 (5) 1401*000 (1)
Ps. novaeguineaensis 1301*000 (6) 1300000 (2) 13001*00(1); 1301000 (1)
Ps. weberi 1401*00 (5) 1311*00 (1); 2301*00 (1)
Pn. septemradiatus 2301*%00 (7) 1401*00 (3)
Ps. barbarus 230100 (9)
Ps. chrysospilos 1401*000 (12) 1401*00 (6); 2301*00 (5);
2301*000 (5)
Pn. freycineti 1401*000 (4) 2301*000(1);1301*000 (1);
1301*1*00(1); 2301*1*00 (1)
Pn. schlosseri 1401000 (7) 140100 (1)
Ps. waltoni 2301*000 (5) 3201*000 (1)
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Table 26. Variation in placement of the first two pterygiophores of the second dorsal fin in species of

Periophthalmodon (Pn.) and Periophthalmus (Ps.).

The first number listed is the frequency of occurrence

followed by a number in parentheses that indicates whether one or two pterygiophores insert in that

particular interneural space.

Species Interneural Space
9th 10th
Ps. modestus 3(1) 3(D)
Ps. novemradiatus 10 (1) 1(1)
Ps. malaccensis 16 (1)
Ps. argentilineatus 15 (1)
Ps. gracilis 7(1),1Q2)
Ps. kalolo 3()
Ps. minutus 5(1)
Ps. novaeguineaensis 10 (1)
Ps. weberi 6(1),1Q)
Pn. septemradiatus 6 (),3 ()
Ps. barbarus 8 (1)
Ps. chrysospilos 6(1),3(Q) 16 (2), 4 (1)
Pn. freycineti 6 (2)
Pn. schlosseri 8 (2)
Ps. waltoni 10 (2)
Appendix

The following list represents the cleared and stained
material used in this study. Specimen preparation and
institutional abbreviations are listed in the “Methods and
Materials” section.

Apocryptes bato: removed from UMMZ 187890,
removed from SU 33798, 1(100).

Apocryptodon madurensis: CAS 27444, 1; removed from
NTM S.10649-016, 3(43-50); USNM 99874, 3(56-61).
Awaous sp.. TCWC 3267.1, 1(42).
Boleophthalmus  birdsongi: removed
S.11364-016, 3(47-59).

Boleophthalmus boddarti: removed from ANSP 62878-
89, 3(100-119); USNM 278444, 3(46-48).

1(96);

from NTM

Boleophthalmus caeruleomaculatus: removed from
AMNH 41558, 3(28-34).
Boleophthalmus dussumieri: removed from LACM

38137-3, 3(62-85).

Boleophthalmus pectinirostris: USNM 192933, 3(75-82);
USNM (uncatalogued), 1(97).

Brachyamblyopus sp.: USNM 243403, 3(49-64).
Ctenotrypauchen microcephalus: USNM (uncatalogued),
1(49).

Evorthodus lyricus: TCWC 3283.1, 2(46-52).
Gnatholepis sp.. TCWC 3267.2, 3(36-40).

Gobioides peruanus: removed from WCS 1558, 5(32-34).
Gobionellus boleosoma: TCWC 3266.1, 3(36-56).
Mugilogobius sp.: TCWC 3268.1, 2(28-28).

Oxuderces dentatus: FMNH (uncatalogued), 3(21-38);
USNM 86954, 1(93).

Oxuderces wirzi: removed from NTM S.10727-002, 3(69-
70).

Oxyurichthys tentacularis: TCWC 3281.1, 2(76-80).

Parapocryptes serperaster: removed from AMNH 18590,
3(71-79); removed from ANSP 62962-10, 3(59-94);
removed from SU 61279, 1(63); USNM 119987-88,

1(129); USNM (uncatalogued), 1(93).
Periophthalmodon freycineti: removed from UAMZ
6524, 1(72); USNM 268460, 1(126).

Periophthalmodon schlosseri: removed from CAS 57428,
1(115); USNM 278438, (113); USNM 280385, 1(40).
Periophthalmus argentilineatus: USNM 278285, 3(41-
47).

Periophthalmus barbarus: removed from ALA 1078.01,
3(57-71).

Periophthalmus chrysospilos: USNM 278304, 2(35-36).
Periophthalmus gracilis: removed from UAMZ 6520,
1(43).

Periophthalmus kalolo:
1(53); TCWC 3261.2,
3(25-51).
Periophthalmus minutus: removed from UAMZ 6514,
2(48-58). v

Periophthalmus novaeguineaensis: removed from UAMZ
6522, 2(44-55).

Periophthalmus novemradiatus:
USNM (uncatalogued), 3(43-50).
Periophthalmus weberi: removed from AMNH 41563,
2(58-60).

Pseudapocryptes lanceolatus: CAS 14121, 2; removed
from SU 40081, 3(44-54); USNM 279313, 1(49); USNM
279353, 1(40); USNM (uncatalogued), 3(46-54).
Scartelaos histophorus: removed from AMNH 35819,
3(65-71); removed from NTM S.10727-003, 3(56-70);
USNM 243433, 3(55-80); USNM 278437, 2(25-45);
USNM (uncatalogued), 1(32).

Scartelaos tenuis: removed from LACM 38141-2, 3(59-
69).

Sicydium salvani: removed from WCS 1564, 2(31-49).
Stiphodon elegans: CAS 27426, 1.

Zappa confluentus: USNM 217306, 2(25-32).

removed from ROM 51596,
1(48); USNM (uncatalogued),

USNM 279159, 1(51);



Murdy: Oxudercine gobies 91

1A. Apocryptodon madurensis, AMS 1.22040-013, I1B. Apocryptodon punctatus, 58 mm SL, Japan
Kewara Beach, Queensland (D.F. Hoese). (H. Masuda).

1C. Boleophthalmus birdsongi, AMS 1.24685-012, 76 1D. Boleophthalmus boddarti, FMNH uncatalogued,
mm SL, Darwin (D.F. Hoese). Malaysia (B. Jayne).

1E. Boleophthalmus dussumieri, BPBM 30528, 89 mm IF. Boleophthalmus pectinirostris, 130 mm SL, Japan
SL, Kuwait (J.E. Randall). (H. Masuda).

1G. Oxuderces dentatus, USNM 279359, 44 mm SL, 1H. Periophthalmodon schlosseri, USNM 278462,
Malaysia (E.O Murdy). 91 mm SL (E.O. Murdy).
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