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Abstract
Based on external and internal morphology, osteology and morphometries

the seven species of Paralonchurus Bocourt are grouped into two subgenera,
Paralonchurus and Polyclemus. The monotypic Ionchurus Bloch was more
similar to P. elegans and P. petersi than to P. brasiliensis, P. dumerili, P. goodei,
P. peruanus and P. rathbuni in most of the characters investigated.

The relationships among the species of Paralonchurus and L. lanceolatus
are determined on the basis of mental pores, mental barbels, snout pores,
external morphology, swim bladder and its muscular anatomy, jaw muscles
and osteology. The morphology of retractor arcum branchialium (RAB),
lower jaw muscles and pharyngeal skeletons are used to demonstrate the
relationships of Paralonchurus and Lonchurus to other euteleostean fishes.
Both genera possess primitive eusteleostean characters.

Key Words: Paralonchurus Bocourt, Lonchurus Block, Subgenera, Phylogeny.

1. Introduction
Species of the family Sciaenidae (Teleostei) are usually referred to as drum

fishes or croakers, because they are making noises. All species of sciaenidae
are demersal fishes and primarily occur in tropical seas, inhabiting prawn
fishing grounds. The total production of drum fishes in the world is about
1.12 % of the total (FAO, 1992). These fishes have well developed and diversed
swim bladders and otoliths. Their morphology together with the number of
mental and rostral pores are used to identify, classify and assess the phylogeny
of the species of the family sciaenidae (Chao, 1976, Chu, 1963, Trewawas, 1962,
Jinadasa, 1978). The most elaborated work on the taxonomy of sciaenid
fishes was by Chao (1976). He had worked on the taxonomy of the western
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Atlantic species of sciacnidae and classified into species, genera, and tribes
based on the morphology of the swim bladder, otolith, me ntal and rostral
pores and barbels. In his study, he had raised the question whether the
Atlantic rnonotypic genus Lonchurus Bloch 1793 is related to the genus
Paralonchu rus Be court (1869). The genus Paralonchurus itself contained
seven species, some of which were classified under different genera, namely,
Polycirrhus Bocourt (1869), Polyclemus Berg (1895) and Genyanemus Gill (1861).

The objectives of the present study were to assess whether the morphology
of the swim bladder, otolith, number of mental and rostral pores and osteology
could be used to identify the species of Paralonchurus and also to understand
their interrelationships with Lonchurus lanceolatus. All eight species are
distributed on either side of isthmus of Panama, in the Atlantic and Pacific
oceans, and no where else.

2. Material and Methods

Specimens were obtained from the California Academy of Sciences (CAS),
National Museum of Canada, Ottawa (NMC), Smithsonian Sorting Center,
National Marine Service Southeast Fishery Center (Tropical Atlantic Biological
Laboratory, TABL) and the National Museum of Natural History (USNM).
A few alcohol-preserved specimens from each species were made available
for dissections and for staining. Th.·ee specimens of each species were dissected
to study morphology of the alimentary system, kidneys, gonads and swim
bladder, olfactory rosette, arcum branchial muscle, breast and barbel muscles.
After removal of viscera, five specimens from each of the species were cleared
in Tripsin and stained with Alizarine red S following Taylor (1967).
These stained specimens were used to study cranial, axial, caudal,
appendicular and branchial skeletons. Bones were first investigated in their
articulated portion. Some preparations were subsequently disarticulated in
3 % KOH solution. Measure- ments of bones were taken using a dial caliper.
Examinations and illustrations were made using a dissecting microscope. In
addition to stained specimens from each species, I made superficial
examinations of other specimens.

Measurements and counts of these specimens were taken following Lagler
(1956) and Hubbs and Lagler (1947). Measurements of head length, greatest
body length, pectoral length, predorsal length, preventral length (base of
ventral fin to snout tip), caudal peduncle length, caudal peduncle depth,
dorsal fin length, anal fin length, snout length, upper jaw length, eye diameter,
interorbital space width, longest dorsal spine length, first dorsal ray length,
second spine length and first anal ray length were taken to 0.25 mm. using a
dial caliper, Fin ray counts, rows of scales above lateral line, lateral line
scales, circumcaudal scales and interorbital scales were counted. The number
of vertebrae, intermuscular bones, fin elements and hyperossifications were
determined from radiograph.
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The following abbreviations were used : A. Anal fin, A. L. L. S. Scales
above lateral line, B. barbels, D. dorsal fin, L. lateral line scales, P. pectoral
fin, V. pelvic fin.

Soft Anatomy

The relative positions, shapes. and size of the viscera, kidney, and olfactory
rosette provide valuable diagnostic characters to identify species of Paralon-
churus and Lonchurus.

3. Results

In all species of Paralonchurus, the barbels are connected to the branches
of the mandibular muscle of the adducter mandibularis ; in L. lanceolacus,
the two barbels are connected to the branches of the posterior hyoideus
muscle and are incerted under the chin on either side of the middle line. Those
of Paralonchurus are inserted under the chin in the middle line and extend back
along the romi of the mandibuli. Thus the pair of barbels in L. lanceolatus
and the barbels in species of Paralonchurus are not homologous structures.
All species of Paralonchurus have morphologically identical mental and rostral
pores; there pores are slightly different in L. lanceolatus (Fig. I.)
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Fig. 1. Left lateral profile of the head and barbels: (1) P. brasiliensis (178 mm SL) ; (2) P. dumerili (160 mm SL) ; (3) P. elegans
, ~ (185 mm SL) ; (4) P. goodci (180 mm SL); (5) P. peruanus (185 mm SL) ; (6) P. peters; (178 mm SL) ; (7) P. rathbuni
.Iit (184 mm SL) ; and (8) L. Lanceolatus (132 mm SL).
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Soft anatomical organs like the olfactory rosette, stomach and alimentary
canal, liver and swim bladder are useful to identify species of sciaenids. Ol-
factory rosette of P. brasiliensis, P. dumerill, P. rathbuni, P. Peruanus and P.
goodei is oval in shape with wide thick olfatory lobes, where as that of P.
petersi, P. elegans and L. lanceo/atus is also oval in shape but the lobes are
thin walled and folded. (Fig. 2). Morphology of kidney and gonads showed
no difference among eight species. However, a few specimens of P. peruanus
examined contained both mature testis and ovary.
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Fig. 2. Dorsal view of the olfactory rosettes: (1) P. brasiliensis (178 mm SL) ; (2) P. dumerili
(173 mm SL) ; (3) P. elegans (185 mm SL) ; (4) P. goode; (178 mm SL) ; (5) P.
peruanus (185 mm SL) ; (6) P. petersi (140 mm SL) ; (7) P. rathbuni (178 mm SL) ;
and (8) L. lanceolatus (128 mm SL). OL. Olfactory folds.

All species possess both cycloid and ctenoid scales. In P. elegans,
P. petersi and L. lanceolatus, scales are predominately cycloid, in P. peruanus,
P. brasiliensis, P. dumerili, P. goodei, and P, rathbuni scales are predominately
ctenoid.



134 Japahuge Jinadasa

The stomach is saccular and posterioly it is club-shaped, lying longitudinally
in the body cavity. The esophagus leads to it through the anterior end and the
abdoman also leaves the stomach anteriorly but to the right of the esophagus.
Intestine is relatively short and about 2/3 of, the standard length. It makes
just one U loop and runs straight to the vent. Anterior end of the stomach
has a cap of hepatic ceacae, their number and shape are characteristic to
species. Stomach and the alimentary canal of the eight species are similar.
However, liver showed species specific characters (Fig. 3).
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Fig. 3. (A) Ventral view of the intestine, liver, pyloric caeca, and stomach of P. peruanus.

(B) Ventral view of the livers: (I) P. brasiliensis (178 mm SL) ; (2) P. dumerili
(163 mm SL) ; (3) P. elegans (185 mm SL) ; (4) P. goodei (178 mm SL) ;,
(5) P. peruanus (185) mm SL) ; (6) P. petersi (140 mm SL) ; (7) P. rathbuni
(168 mm SL) ; and (8) L. Lanceolatus (128 mm SL). PC, Pyloric cacea, LB.
LB. Liver lobes.
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The swim bladder of Paralonchurus (Fig. 4) has a central carrot-shaped
body tapering posteriorly to a point inside the body vertically above either
the vent or anal spines. The bladder is supported at its anterior end by the
obliquely and anteriorly directed hypophyses of the third and fourth vertebrae.
Laterally on either side of the attachment of the swim bladder is a pair of
thin sacs. They bifurcate laterally, the two anterior branches running forward
like two horns, their tips are curved and lie on either side of the esophagus
and are ventral to the posterior end of the basioccipital, but have no connection
to the esophagus or basioccipital. The two posterior branches run parallel
to the main body of the swim bladder and end almost at the same level as the
swim bladder posteriorly. The main cavity of the swim bladder is continuous
from the main bladder with all lateral horns. The swim bladder walls of P.
elegans and L. lanceolatus is very thick and the cavity is large, baloon-like .

.The location of the posterior ends of the swim bladder and its laterial horns
relative to the position of the vent and anal spines are characteristic to species
(Table 1).
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Fig. 4. Ventral view of swim bladders in females: (1) P. brasiliensis (178 mm SL) ; (2) P.
dumerili (163 mm SL) ; (3) P. elegans (185 mm SL) ; (4) P. goodei (178 mm SL) ;
(5) P. peruans (185 mm SL); (6) P. petersi(l40 mm SL»; (7) P. rathbuni (168 mm SL) ;
and (8) L. lanceolatus (128 mrn SL).

Ventral view of swim bladders in males with swim bladder muscles: (4A) P. goode;
178 mm SL) ; and (6A) P. petersi (140 mm SL). SB. Swim bladder, AH. Anterior
horn of swim bladder, SBM, Swim bladder muscle, PH, Posterior horn of swim
bladder, SBRM, Swim bladder red muscle.
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The swim bladder muscles of P. goodei have a ventral longitudinal strip
of red muscles that fastens the two lateral flaps of the swim bladder muscles
together. In this species and L. lanceo/atus, the swim bladder muscle is at its
greatest development and length exceeds 3/4 of the length of the swim bladder.
The least developed swim bladder muscle is in P. peters and its length is only
1/20f the length of the swim bladder.

Table 1. Relative positions of posterior ends of swim bladder and its lateral
horns in species of Paralonchurus and Lonchurus.

Species Main swim bladder Lateral horns

P. brasiliensis vent anal spine I

P. dumerili anal spine I anal spine II

P. elegans vent anal spine I

P. goodei vent anal spine I

P.peruanus anterior to vent vent

P. petersi vent anal spine I

P. rathbuni anal spine I anal spine II

L. lanceo/atus vent anterior to vent

According to Chao (1976) both males and females of L. lanceolatus lack
swim bladder muscle. However, present investigations indicated swim bladder
muscles in males of L. lanceolatus are well developed,

Upper and lower jaw muscles of the eight species are identical except that
in P. peruanus, P. brasiliensis, P. dumerili, P. rathbuni and P. goodei are robust
where as in P. petersi, P. elegans and L. lanceolatus those are slender (Fig. 5).

Mental and snout pores of all species of Para Ionchurus are similar,
while in L. Lanceolatus, the middle mental pore is absent (Fig. 5).
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FiK. 5. (A) Ventral view of the superficial muscles under the haws; right half of P.peruanus
cut open to show muscular supply to barbels, and

(B) Ventral view of the snout and mental poers ; (I) P. peruanus (196 mm SL) and
(2) L. lanceolatus (132 mm SL) AM. Anterior intermandibularis, B. Barbels
HHY, Hyohyoideus muscle, PRH, Peoctractor hyoideus muscle.

Osteological characters are useful to identify species of Paralonchurus and
Lonchurus. For continuity of style and easier reference, all bones for this
study are abbreviated and named as in Sciaenops study by Topp and Cole
(1968), but most of the abbreviations are updated according to Patterson (1973),
Greenwood (1973), and Rosen (1973). The osteology of these
two genera is compared with that of Sciaenops (Topp and Cole, 1968).

The endocranium could be broadly divided into four regions, namely,
the olfactory, the orbital, the otic and the occipital region. All bones of the
olfactory region are similar to that of Sciaenops and their morphology is
identical in all species. However, the frefrontal bone in all species is very
prominent and a deep notch is visible in P. brasiliensis, P. dumeri/i, P. goodei,
P. peruanus, and P. rathbuni. It is either absent or highly reduced in the
other three species.



140 Japahuge Jinadasa

Fig. 6. Dorsal view of the skull: P. rathbunl (168 nun SL).

E. ethmoid, Eoc. Exoccipital , Epo. Epioocipital (epiotic), Fr. Frontal, Dlft. Dorsola-
teral frontal trouhs, Dlfr. Dorsolateral frontal ridge, Dsp, Dermosphenotic,
Drnfr. Dorsomesial frontal ridge, Le. Lateral ethmoid, Pf. Prefrontal, Opo, Opisthotic,
Ptf. Postemporal fossa, St. Supratemporal tmertemporal, Vo. Vomer, Pa. Parietal,
Pas. Parietal spine. Soc. Supraoccipital.
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Fig. 7. Lateral view of the skulls :(1) P.peruanus(196mmSL) ;andP.petersi(178mmSL).
Doc. Basioccipital, Bsp. Basisphenoid, Dsp.Dermosphenotic, Aso. Autosphenotic,
E. Ethmoid, Fr. Frontal, Epo. Epioccipital, Eoc, Exoccipital, Le. Leteral ethmoid,
Pf. Prefrontal, Pa, Parietal, Pas. Parietal spine, Psp. Parasphenoid, Pto. Pterootic,
Pts. Pteresphenoid, Soc. Supraoccipital, Vo. Vomer.

In the orbital region, the paired sclerotic bone is semicup shaped, the
anterior bone is smaller than the posterior one. In P. brasiliensis, P. dumeri/i,
P. goodei, P. peruanus and P. rathbuni, these two bones cover more than 2/3
of the corneal perimeter ; In P. elegans, P. petersi, and L. Ianceolatus, these
bones are reduced to two crescent and cover less than 1/3 of the corneal
perimeter. The largest bone in the endocranium is the frontal, which is also
in the orbital region (Fig. 6 & 7). It is highly canaliscd in all species. The
dorsal ridges of the canals are hyperossified in P. brasiliensis, P. dumerili,
P. good, P. rathbuni and P. peruanus, where as these ridges are thin and are not
hyperossified in P. elegans, P. peters; and L. lanceolatus. The chain of tubular
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suborbital dermal bones border the posterior and posteroventral borders of the
orbit. The groove in these bones houses the infraorbital laterosensory canal.
These characters of the series of suborbitals are identical in all species of
Paralonchurus and Lonchurus. However, their height is greater than the
length of the suborbital chain in P. brasiliensis, P. dumerili, P. peruanus, P.
rathbuni and P. goodei, where as the posterior vertical height is half the length
in P. elegans, P. petersi and L. lanceolatus. (Fig. 8).
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Fig. 8. Lateral view of left suborbitals : (I) P. brasiliensis (179 nun SL) ; (2) P. dumerill
(163 mm SL) ; (3) P. elegans (196 nun SL) ; (4) P. goodei (178 nun SL) ; (5) P.
peruanus (185 mm SL) ; (6) P. petersi (140 mm SL) ; (7) P. rathbuni (168 nun SL) ;
and (8) L. Ianeeolatus (128 mm SL). So·2. Suborbital two La. Lacrimal.
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The otic region of the endocranium in P. brasiliensis, P. dumerili, P.
peruanus, P. goodei and P. rathbuni is enlarged to house the pondorous otoliths;
in P. elegans, P. petersi and L. lanceo/atus this region is relatively thin and
less baloon-like to house their relatively thin elongate ofoliths. The otic capsule
is made up of prootic, pterotic, epiotic (= epioccipital) and opisthotic bones.
Prootic is the largest of the series. Prootic is a baloonlike cupshaped bone
bordering the posteroventral rim of the orbit and resting on the parasphenoid
ventrally, the basioccipital ventrolaterally, the expoccipital posteriorly and the
intercalar posteriorly. On the outside anterodorsally it borders the anterior
hyornandibular facet. Ventral to this facet is the foramen for the facial branch
of the Vth cranial nerve, branches of which supply the barbels in species of
Paralonchurus and L. lanceo/atus. Anterodorsal to the former antecedent
facet on the inside of the orbit is a pair of large foramina. Through the dorsal
foramen emerges the trigeminal nerve (v), opthalmic superfialis ramus (vii),
deep opthalmic ramus (v) and mandibular ramus (v) ; through the lower,
emerges the buccalis of the facial is nerve (vii), In addition to these, there is a
number of small foramina on the inside of the orbit for blood vessels. Inter-
nally, the prootic houses the trigemino facial chamber. The complete cranial
skeleton investigated for P. e/egans, P. peruanus and P. goodei indicated the
typical perciform pattern elucidated by Patterson (1964).
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l<ig.9. Posterior endocranial vault, median sagittal view: P. peruanus (196 mm SL).
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Hollow posterior portion of the prootic together with the anterior enlarged
portion of the basioocipital bouses the otoliths and its saccular chamber,
sb, Fig. 9). This chamber is highly baloon like in P. brasiliensia, P. dumerili,
P. goodei, P. peruanus and P. rathbuni, relatively less so in P. elegans, P. petersi
and L. lanceolatus; correspondingly, the otoliths of former species are stouter
than those of the latter species. The myodomes in species of Paralonchurus
and L. lanceolatus are similar to those of Sciaenops and extends to the basiocci-
pital (Fig. 9).

Otoliths in these species fall into two groups: (1) Heavy, thick, wide
oval with a dome-shaped ostium, anterior end semicircular, many circular
concretions in P. brasiliensis, P. dumerili, P. goodei, P. peruanus and P. rathbuni,
and (2) Light, thin, narrow oval with an elongated ostium, anterior end pointed,
a few concretions in P. elegans, P. peters; and L. lanceolatus. The nature
and the arrangement of concretions and the nature of the cauda are characteris-
tic to species.
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Fig. 10. Outer view of right otoliths (A), Inner view or right otoliths (B) and Lateral view of right otoliths: (1) P.
, brasiliensis (178 mm SL)';' (2) P. dumerili (163 mm SL) (3) P. elegans (196 mm SL) ; (4) P. goode;

(178 mm SL) ; (5) P. peruanus (185 mm SL) ; (6) P. peters; (l}8 mm SL) ; (7) P. rathbuni (168 mm SL) ;
and (8) L. lanceo latus (128 mm SL). '
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L P. brasiliensis. (Fig. 10) A, B, C). One row of prominent circular
concretions, the posterior ones are larger. The cauda is rectangular
with a blunt tip that does not extend to the ventral margin, slightly
crenulate.

2:. P. dumerili (Fig. 10 A, )'J, C) One row of concretions arranged in a U
and a middle ridge of concretions, all concretions are equal in size.
The cauda is J-shaped and blunt.

3.- Pielegans (Fig lOA, B, C). One dorsal row of concretions, cauda
rectangular with a pointed tip, anterior end crenulate, ostcum pear-
shaped.

4. P. goode (Fig lOA, B, C). Scattered concretions, generally very few;
cauda rectangular tip, anterior and crenulate.

5. P. peruanus (Fig. lOA, B,C). Two to three rows of dome-shaped
concretions ; the cauda is f-shaped tip bulge cone-shaped.

6. P. petersi (Fig -. 10 A, B, C).. Only two to three concretions, cauda
J-shaped tip pointed.

7. P. rathbuni (Fig. lOA, B, C). Scattered concretions with an anterior
semicircular row, cauda J-shaped, blunt.

8, L. lanceoalatus (Fig. 10 A, B, C). A few concretions ina row, cauda
J-shaped tip pinted, ostium pear-shaped.

The occipital region has the following bones: epioccipital, exoccipit..
basioccipital and supraoccipital. The epioccipital bone is a hallow cap bone
on the posterior dorsal tip of the auditory capsule. The posterior epioccipital
process of this bone is prominent and forked in P. brasiliensis, P. dumerlli,
P. goodei, P. peruanus and P. rathbumi.w here as it is neither prominent .nor
forked in P. elegans, P. peters; and L. lanceolatus.

The exoccipital bones lie on-either side of the foramen magnum (Fig, 7)..
It). this bone, the exoccipital process is highly developed in. the former five
species, where as it is reduced in the latter three species. Supraoccipital bone
is the single most prominent median bone in the occipital region. The dorsal
supraoccipital crest is elevated from the skull proper, becoming an highly ele-
vated sail-like ridge in P. brasiliensis, P. dumerili, P. peruanus and P. rathbuni.
It is slightly less elevated in P. goodei and the elevated sail-like process is absent
in P. elegans, P. peters; and L. lanceolatus .. The shape of the supraoccipital
crest and the angle that its tip make with the posterior end of the basioccipital.
are characteristic of species.

Basioccipital (Fig. 7) is the posteriormost bone. inthe ventral ridge or the.
keel of the endocranium. It is hollow dorsally with two oval depressions,
towards anterior 2/3 that house, the otolith (sagittae. This bone is .more .
baloon like in the former five species and less so in other species,
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Fig. 11. Innerview of left cheek bones: (I) P. brasiliensis (178 mm SL) ; (2) P. dumerili
(163 mm SL) ; (3) P. elegans (196 mm SL) ; (4) P. goodei (178 mm SL) ; (5) P.
peruanus (196 mm SL) ; (6) P. petersi (140 mm SL) ; (7) rathbuni (178 mm SL) ;
and L. lanceolatus (128 mm SL). Hm Hyomandibular, Mpt, Metapterygoid,
Enpt. Endopterygoid, Ecpt. Ectopterygoid, Sym, Symplectic, Qu. Quadrate,
Pop. Preopercle, Ecpt, Ectopterygoid,

The palatine, pterygoid, quadrate and hyomandibular complex (Fig. II)
in P. brasiliensis, P. dumerili, P. peruanus, P. goodei and P. rathbuni is robust
and short relative to their facial structure. In these species with shorter jaws,
the length and the height of the metapterygold is about equal. In the other
three species with longer jaws, the length of the metapterygold is about one
and one half of the height.
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F'ig.12. Outer lateral view of t'te lower laws: (I) P. rathbuni (168 mm SL) ; and (2) Lclanceolatus (128 mm SL).
Ang. Angular, Art, Articular, Den Demary. -t
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The dentary is the most prominent bone in the lower jaw, forked posteriorly
and pointed anteriorly. The anterior tip is deflected in P. elegans, P. petersi
and L. lanceo/atus, where as it is straight in other species. The articular bone
of the lower jaw is robust in P. brasiliensis, P. demerili, P. goodei, P. peruanus
and P. rathbuni and (Fig. 12) it is slender and lean in the other species. The
sesamoid articular lies posteriorly against the ectosteal. The ectosteal elevates
sharply, in P. brasiliensis, P. dumerili, P. goodei, P. peruanus and P. rathbuni.

The angular one is an obliquely elongate triangular cap of bone on the
posteroventral corner of the lower jaw. A prominent posterolateral spur
is directed posteriorly in P. brasiliensis, P. dumerili, P. goodei, P. peruanus and
P. rathbuni but is rudimentary in the other species. This spur is connected
to the tip of the opercle by connective tissue.

The upper jaw consists of two bones, namely, maxilla and premaxilla.

Maxilla. Three morphological parts as it does in Sciaenops. The head
or maxillary knob of Dharmarajan (1936) is grooved mesially to articulate
with the expanded portion of the vertical limb of the premaxilla. The horizontal
shank has a proximal notch for the palatine and a rectangular trough as long
as 1/4 of the maxilla in P. elegans, P. petersi and P. rathbuni. It is not well
demarcated in P. dumerili and P. peruanus, is semicircular in P. brasiliensis, and
is rectangular deep half the length of the maxilla in L. Lanceo/atus. In between
the notch and the trough is the anterior ascending process of the maxilla and
its shape varies from rectangular to circular in these species. The distal scoop
is semicircular in P. elegans, P. petersi and L. lanceolatus but is rectangular
and not deflected in the other species. In the articulated position, the maxilla
is deeply inclined to the premaxilla in all species except in L. lanceolatus, in
which the condition is similar to that of Sciaenops. All species have a pivoted
articulation with the rostral portion of the prevomer to produce a protrusible
premaxilla.
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Anterior view of left premaxillae: (I) P. brasiliensis (178 mm SL) ; (2) P. dumerili
(163 mm SL) ; (3) P. elegans (185 m-n SL) ; (4) P. goodei (178 mm SL) ; (5) P.
peruanus (196 mm SL) ; (6) P. petersi (140 mm SL) ; (7) P. rathbuni (168 mm SL) ;
and (8) L. lanceolatus (128 m~-SL). Prnx-asc, Ascen.linglimb of premaxilla,
Prnx-art. Articular facet of premaxilla, Pmx-hor, Horizontal limb of premaxilla.

Fig. 13.

Premaxilla is a L shaped bone and has two parts (Fig 13) the medial
ascending limb and the horizontal lateral limb. Two-thirds of the ascending
limb is expanded to articulate with the maxil'ary groove; in species other than
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P. elegans, P. petersi and L. lanceolatus, the horizontal limb is 2/3 of the
ascending limb. In P. elegans, it is shorter; in P. petersi, it is slightly longer ;
and in L. lanceolatus it is about twice the length of the ascending limb. The
rostral cartilage lies posteroventral to the tip of the ascending limb.

The end of the lateral limb is expanded to prevent maxillary dislocation
in P. brasiliensis, P. dumerili, P. goodei, P. peruanus and P. rathbuni). It
is defiected and a ridge at the deflection prevents maxillary dislocation in
P. elegans, P. petersi and L. lanceolatus ; the condition in the latter species
are similar to those of Sciaenops and Otolithus ruber (Dharmarajan 1936).

The premaxilla is toothed. In P. brasiliensis, P. dumerili, P. goodevi,
P. peruanus and P. rathbuni, the tooth patch is wide and triangular with six
to eight rows of teeth and the teeth extend until the inflection. In P. elegans,
P. petersi and L./anceolatus, it is narrow and triangular with four to six rows
extending almost to the tip of the horizontal limb.

Premaxillary teeth are generally villiform but the front teeth are relatively
larger. These teeth are further enlarged and are conical in P. elegans, P.
petersi and L. /anceolatus and they interlock the lowerjaw. All teeth are
bent backward with brown tips ; the total number of teeth in the front is
higher in the former three species than the rest.

Hyoid region connects the lower jaw elements to the neurocranium,
provide skeletal support to the tongue and offer skeletal support and protection
to the gill arches. The cartilage bones in this region are paired hyomandibular
sympletic, interhyal, epihyal, ceratohyal, upper hypohyal, lower hypohyal,
and the median basihyal ; the dermal bones are the unpaired urohyal, seven
pairs of branchiostegal rays, the paired preopercule, the paired operce, ce
paired interopercle, and the paired subopercle. Hyomandibular which is a
hammer-shaped bone is primarily responsible for the suspension of the branchio-
cranium from the neurocranium. It articulates with the posterodorsal pterotic,
the anterodorsal prootic and the autosphenotic as in Sciaenops.

The dorsal border of this bone is semicircular and either slightly dentate
in P. elegans and P. petersi and smooth in L.lanceolatus. It is conical with a
pointed dorsal spinous tip in the other species. The anterior and the posterior
condyles are prominent and the bone is hyperossified to support the relatively
jaws in the latter species.

The trailing hyomandibular shaft (sympletic process of Sciaenops, Topp
and Cole 1968 ; rodlike process of Otolithus ruber, Dharmarajam 1936) is
grooved posteriorly to receive the leading end of the preopercle (Fig. 11).
Medially through its foramen emerges the hyomandibular branch of the facial
nerve.
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The vertical height of the hyomandibu!ar exceeds its length in P. brasiliensis,
P. demerili, P. goodei, P. peruanus and P. rathbuni ; the vertical height is less
than its breadth in P. elegans, P. petersi and L. lanceolatus. The difference
in the vertical heights of the two groups is due to stouter heads in the former
species and lcaner heads in the latter. The antroventral border of the hyo-
mandibular blade articulates with the mctaptcrygoid, the posterovc ntral border
articulates with the opercular; these are supplied by the branches of facial
nerve.

Symplectic .s on anteriorly curved, vertica'Iy elongated triangular bone,
its trailing end art.culates in the medical posterior, entral socket of the quadrate;
its anterodorsal end firmly interlocked with the posterovcntral border of the
metapteryfgoid ; the posterodorsal tip is supported by the hooklike butt of the
preopercle ; its dorsal end is re'ative.y enlarged and semicircular in P. elegans,
P. peters; and P. peruanus, triangular and pointed in the other species.

Interhyal is a dumbbell-shaped cylindrical bone connecting the hycmandi-
bular to the ventral e'c ments of the hyomandibular arch ; its prcximal end
lies in the intercartilage between the sympletic and the hycmandibular ; its
distal end firmly articulates in the socket on the posterodorsal end of the epihyal.

Branchioskeleton bones such as basibranehial, hypobrandial ccratob-
ranchia, epibranchial and epibranchial bone s are similar in P. brasiliensis,
P. dumerili, P. goodei, P. peruanus and P. rathbuni. These bones arc lean and
also similar in P. elegans, P. peters; and L. lanceolatus.

Total number of vertebrae varied from 25-29. The number of prccaudal
vertebrae ranged from 10-12 and that of caudal from 15-18. These numbers
and their morphology are not characteristics of species. In all specks the
first five pairs of pleural ribs have intermuscular bones, cpiplcurals, In 'arge
specimens of P. peruanus (2COmm » pleural ribs are hyperossified and ch.•b
share.

The median and paired fins showed species specific characters. However,
eight species do not fall into two ck ar groups based on the morphc logy of the
fins. Three predorsal bone s of P. brasiliensis, P. dumerili, P. goodei, P. peruanus
and P. rathbuni are located under the sail-like backwardly directed superacccipi-
tal. In large specimens of P. peruanus (2COmm» these predcrsals arc hypcrossi
fied and co-ossified to form a plate of bone.
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The caudal skeleton contains characters considered most primitive among
perciform fishes retaining the maximum number of fin clements as in Kuhlia,
Chaetodon, Polydactylus (Gosline (1961). The last three vertebra support the
caudal skeleton. The following caudal elements are present (Fig. 14) cartilage
bones are the two pairs of uroneurals (UN), one parahypural (PHYP), five
free hypurals (HYP) and three epurals (EU). Dermal bones are the 15
branched fin rays and the 18 to 22 unbranced fin rays. The neural and haemal
spines of the antepenultimate vertebrae oppose each other at the posterior
end of the vertebrae. These spines arc cylindrical and distally are laterally
compressed. They extend posteriorly to the level of unbranched lepidotrichs.
The haemal spine of the antepenultimate (UP 3) vertebra is autogenous and
has a proximal oval head; in P peruanus it is anteroventrallyexcavated. The
haemal spine of the penultimate vertebra (PU 2) is also autogenous and its
head is irregular in shape in P. brasiliensis and P. dumerili; its outer border is
spinous but in the other species it is smooth.

The neural spine of the second pleural (penultimate) vertebra is reduced
to the low stud: in P. brasiliensis, P. petersi and P. rathbuni it is branched and
spinous. In the other species it is unbranched and smooth. It extends obliquely
backward and its distal end lies vertically above the anterior 1/3 of the urostylar
vertebra. This neural spine is dorsally and posteriorly cradled by three
epurals. The first one lies middorsa'Iy; the second one at the posterior end;
the third one dorsal to the middle of the first uroncural. In all species the
last half vertebra is upturned as the urosytle, it is excavated middorsally to
house the stegural part of the first uroncural. Among primitive acantho-
pterygian sthis half centrum supporting all hypurals is formed by all fused
caudal centra. (Rosen 1973).

The appendicular skeleton of all eight species is very closely similar to
Sciaenops. However, the morphology of the c!eithrum showed specific
characters to species. The cleithrum has a wide, short limb that is posteriorly
directed and a long narrow, pointed trailing limb. These two limbs make
an angle of 1280 in P. brasiliensis " 1200 in P. dumerili, P. peruanus and
L. lanceolatus; 1180 in P. elegans and P. peters; " 12Y in P. goode; and P.
rathbuni. The tips of the trailing limbs are connected mesially by connective
tissue at the angle of which housed the pelvic girdle. The trailing limb is
groove posteroventrally and it houses the anterior half of the scapular vent-
rodorsally, the corocoid head medially and the trailing end of the corocoid
ventrally. The anterior edge of cleithra of P. goodei is much heavy and makes a
900 angle with the vertebral axis ; the anterior margins of the cleithra ace
concave in P. elegans, P. petersi, and L. lanceolatus ; they are vertically elongate
crescents in the other species.



156 Japahuge Jinadasa

From the above findings, it is clear that swim bladder, otolith, mental
and rostral pores, barbels and osteological characters could be us: d to identify
the species of Paralonchurus and Lonchurus. It is clear that five species of
Paralonchurus, namely, P. brasiliensis, P. dumerili, P. goodei, P. peruanus and
P. rathbuni form one natural group ; P. elegans and P. petersi another, which
shows very close re.ationships to Lonchurus l~nceolatus than to the former
group.

Therefore, I have divided the genus Paralonchurus Bocour 1869 into two
subgenera, namely, Paralonchurus and Polyclemus.

Genus Lonchurus Bloch 1793

Lonchurus Bloch, 1793 : 143 (type-species: Lonchurus barbatus Bloch,
by monotypy, plate 360).

Lonchiurus Bloch (French translation in Lavr au, 1797, pt. 10 : 119 (un-
justified emendation of Lonchurus Bloch, 1793 : 143).

Body narrow, elongate, lanceolate. Scales prcdcmincnt'y cntenoid.
Eye small about 9 to 10.5 in head; suborbital length exceeds height; lachrymal
serrate. Head conical, low; snout pointed, fiv, upper pores, five lower pores
mouth inferior. Lower jaw with two barbe Is, four pores. Nasal dentated,
not elevated above orbit ; hyomandibular height less than breadth ; supra-
occipital crest low; no parietal spine. Horizontal prernaxilary limb deflected,
length about twice vertical premaxillary limb length. Premaxillary teeth
villiform, in banes, anterior teeth conically enlarged, tooth patch extending
to horizontal limb end. Maxillae extend one eye diameter beyond postorbit.
Gill rakers s'endcr, equal to one lye diameter. Swim bladder simple, carrot-
shaped, tapering to a point near vent, lumen reduced, less than one eye dia-
meter ; two short anterior horns and two long posterior horns ; all males
posses well developed swim bladder musc'es forming a tube encircling the
viscera. Anterior intermandibularis reduced, less than 1/3 of the jaw length.
Eleven trunk vertebrae, 18 caudal vertebrae. Pelvic fin with a long filament;
pectoral long, extend to second dorsal end. Sagittae thin, five times in head
length, narrow, about 10 to IS in head length; ostium elongate oval.

This genus is distributed in Western Atlantic and Eastern Pacific
oceans, almost on either side of isthmus of Panama.

Swim bladder simple, carrot-shaped, all males with a well developed
swim bladder muscle, the.e encircle viscera complcte'y. Olfactory rosette
elongate oval, lamellae loosely arranged. Pyloric caeca short.
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Nasals meet along the middle line, outer margin dentate. Hyomandibular
length exceeds height. Suborbital length exceeds height, lacrymal serrate.
Epioccipital not forked ; supraoccipital crest low and supraoccipital angle
less than 90. Horizontal premaxillary limb deflected, length about twice
vertical limb length. Second preural neural spine reduced to a stud with
two to three spines. Sagitta thin, elongate, a few concretions, osteum oval,
elongate, cauda J-shaped.

L. Lanceolatus is brownish dorsally, paler lateral and ventral sides ;
pectoral fins black, other fins brownish ; no vertical bars. This species is
distributed in the western Atlantic Ocean (Fig. 15), known only along the
coast of Surinam ; resembles P. elegans, frequently caught along with it by
trawlers. Spawns near river mouths (Puyo 1949).

•30

a
Ii P.elegans

• P.goodei*' P.peruonus
o P.petersi

• P.rothbuni

• L.lonceolotu5

Fig. 15. The distributions of the species of Paralonchuru and L. lanceolatus.
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Genus Paralonchurus Bocourt 1869

Paralonchurus Bocourt, 1869: 21 (type-species: Paralonchurus petersil), by
monotypy.

Polycirrhus Bocourt, 1869 : 23 (type-species: Polycirrhus dumeri/i Bocourt),
by monotypy.

Polyclemus Berg, 1895 : 54 (subsititute name for Polycirrhus Bocourt 1869.
Type species Po/yclemus brasiliensis (Steind) Berg).

Zonoscion Jordan and Evermann, 1895 : 401 (type-species: Polyeirrhus rathbuni
Jordan and Bollman, 1889: 162), subsequent designation by author.

Zaclemus Gilbert in Jordan and Evermann, 1895 : 405 (type-species Paralon-
churus goode; Gilbert, 1896), by subsequent designation by author.

Body narrow elongate or deep oblong, rounded or laterally compressed
in profile. Head w ice, nape mostly steep, snout mostly blunt extending
beyond premaxilla, five upper and five lower pores on snout. Upper lip
fleshy, dentate lower jaw with five pores, two rows of dentary barbels, some
times extending into interopercular, crowded at chin, 11 to to in each row.
Eye small, seven to ten times in head, or large five to six in head. Nasal
rectangular, sometimes e'cvatcd oyer orbit, lacryrnal not serrate. Prefrontal
epioccipital prominent. Horizontal premaxillary limb inflected or deflected.
Premaxillary t-e.h vill.form, in bands, sometimes anterior row of teeth conically
enlarged. Gil' rakers short tubeclelike, about four in eye, or long slender,
about half in eve, Swin bladder simple carror-shaped, tapering to a point
near vent, lun:en 'arger than eye diameter; two short anterior horns and two
long posterior horns; all mal:s with a well developed swim bladder muscle
encircling the viscera. Anterior intermandibularis muscle large, half of jaw
length. Ten to eleven trunk vertebrae, 15 to 18 caudal vertebrae (Table II).
PcIvie fin with a short filament about one in eye ; pectorals long, extend beyond
vent or sh ort filament about one in eye ; pectorals long, extend beyond vent or
short not reaching vent. Sagitta cllipsodial, ostium dome-shaped or oval;
Jvshaped, a few to many concretions. Seven species, two in the western
Atlantic Ocean, five in the eastern Pacific Ocean; confined primarily to tropics.

KEY TO SUBGENERA

1. Body not deep, elongate, caudal fin pointed; no vertical trunk bars;
pectoral fin long, reaching vent or beyond; scads prcdomincntly
cycloid Para/onchurus.

2. Body deep, oblong ; caudal double truncate ; 4 to 5 faint or bright
vertical trunk bars; pectoral fins short, do not reach vent; scales
ctenoid Polyclemus.
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SUBGENUS PARALONCHURUS

Body not deep ; elongate ; rounded in profile ; no vertical bars on trunk ;
nape gently sloping. Pectoral fins long, extending to vent or beyond. Caudal
pointed. Scales prominently cycloid. Eye diameter seven to ten times in
head length, suborbital length exceeds suborbital height. Hyomandibular
height less than its breadth, Supraoccipital crest low ; paricta! spine absent.
Premaxillary horizontal limb deflect, d, occupied more than half of maxilla
when articulated; maxilla excluded from the gape of mouth; premaxi'Iary
teeth villiform in bands; anterior row of tee th conical.y enlarged ; teeth
patch extend to the end of horizontal limb. Twenty or less loosely arranged
olfactory lamc l'a, Sagitta ellipsodial ; thin; its thickness four times in lenth ;
narrow; width three times in length ; a few concretions; osteum elongate oval.

SUBGENUS POLYCLEMUS

Body deep ; oblong ; laterally compressd in profile ; 4 to 9 faint or bright
vertical bars on trunk ; nape steeply sloping. Pectorals short ; do not reach
vent. Caudal double truncate. Scaies prominently ctenoid, Eye diameter
five to six times in head length suborbital height exceeds suborbital length.
Hyomandibular height greater than its breadth. Supraoccipital crest high;
saillike; parietal spine present. Premaxillary horizontal limb inflected;
occupies about half of maxilla when articulated ; maxilla included in the gape of
mouth. Premaxillary teeth villiform in bands; no prominently enlarged
teeth; teeth patch extend to the base of inflection. Twenty or more tightly
arranged olfactory lamellae. Sagitta ellipsoidal and stout ; its thickness three

times in length; width two to two and a halftimes in length; many concretions;
osteum dome-shaped.

KEY TO SPECIES OF PARALONCHURUS

1. (a) Body narrow, etongate ; caudal fin lanccolate ; nape gentle; no vertical
body bars ; cycloid scal.s prominent ; eye small about seven to ten
times in head; front teeth conical.y enlarged; 5 to 6 pyloric caeca
............... 2.

(b) Body deep, oblong; caudal fin double truncate; nape steep; 4 to 9
vertical body bars ; ctenoid scales prominent ; eye moderate to large,
about 5 to 6 times in head ; front teeth not conically enlarged ; 8 to
11 pyloric caeca 3.

2. (a) Head conical, low; pectoral long, reaching midanal or more; pelvic
base begins below pectoral rays 7 to 9 ; interopercle free of barbel
............... P. elegans.
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(b) Head blunt, low; pectoral short, reaching vent or first anal spine;
pelvic base below first pectoral ray; interopercle with 3 to 5 barbels
............... P. petersi.

3. (a) First dorsal, 9 spines; second dorsal, 1 spine and 22 to 26 soft rays
5 to 6 dark vertical bars P. dumeriil.

(b) First dorsal, 10 spines; second dorsal, 1 spine and 23 to 32 soft rays
............... dark verticle 4.

4. (a) A row or evenly spaced stout barbels along the inner edge of dentary
and a fringe of crowded barbels in the interopercle, all barbels more
than 30 ; 4 to 5 faint vertical bars P. goodei.

(b) A row of evenly spaced slender barbels along the inner edge of dentary
sometimes extending into interopercle, all barbels less than 30 ; 5 to 9
dark vertical bars 5.

5. (a) First arch with 11 or more gill rakers in the lower arch ; seven or
more in the upper arch ; second dorsal with 23 to 27 soft rays .
P. peruanus.

(b) First arch with less than II gill rakers in the lower arch 6 or less in
the upper arch ; second dorsal with 26 to 32 soft rays 6.

6. (a) 7 to 9 dark vertical bars; eye small, about 5 in head; 12 to 19 barbels
in the inner edge of dentary and half of interopercular ; 27 to 32 soft
dorsal rays P. brasiliensis.

(b) 5 to 6 faint vertical bars; eye large about 4.5 in heads; 11 to 13 barbels
only in the inner edge of dentary ; 26 to 29 soft dorsal rays .
P. rathbuni.

Paralonchurus brasiliensis (Steindachner) 1875

Basted Croaker

Genyanemus brasiliensis Steindachner, 1875 ; 476 (original description, Para,
Santos).

Polyc/emus brasiliensis Berg, 1895-54 (original description, Mar de la Plata) ;
Bocseman 1948 ; 367 (Surinam).

Micropogon omatus Gunther, 1880 : 13 (original description, Mouth of Rio de
la Plata).
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Polycirrhus brasiliensis. Jordan Bigenmann, 1886 (1889) ; 415 (Brazil).

Para/on churus brasiliensis. Meek and Hildebrand, 1925 : 675 (Brazil, Uruguay,
Argentina).

Para/on churus sp. (nearest P. rathbuni), Lowe-McConnell, 1962 : 695.

Distribution: The demersal fish fauna off Guyana (=British Guiana) has
been divided into four zones by bottom types (Lowe-McConnell 1962).
Sciaenid fishes predominated in the inshore zone making up over 75% of the
catch by weight (Lowe-McConnell 1962). The depth of this zone ranged
from 40 to 60 m, with soft sandy mudbottoms and brown water. This region
was influenced by the river water, and the distance did not exec ed 35 to 40
miles from the coast. Paralonchurus sp. were common in this zone. In a
similar study off El Salvador, Paralonchurus goodei forms about one percent
by weight of the by-catch in shrimp trawlers, P. rathbuni forms an insignificant
percentage by weignt Both these species are caught in the depth range of
12 to 30 m (Mi.ler 1975). Distributional patterns and habitats of all the
other species of Paralonchurus and Lonchurus are unknown.

P. brasiliensis, P. elegans, and L. /anceo/atus are western Atlantic species ;
P. dumerill, P. goodei, P. peruanus, P. petersi and P. rathbuni are eastern Pacific
species, Most of these species are concentrated on the tropical seas confined
to 15.00 Nand 15.CO S. However, P. brasiliensis in addition
to this zone is distributed up to the coast of Argentina (Berg 1895) ; thus this
species has the widest range of distribution. P. e/egans and L. lanceo/atus
are confined only to the northeastern coast of Brazil. Of the eastern Paciffic
species, P. petersi and P. rathbuni are the most northern species; P. peruanus,
the most southern species, is confined to the coast of Peru. The other species
are confined to the Central American coast from Nicaragua to Equador
(Fig. 15)

All the species are distributed on the continental shelf within the depth
range of 10 to 60 m. Occasiona'ly, mature specimens of P. goodei were
reported in the lagoons of El Salvador, similarly mature specimens of P.
brasiliensis were reported in the lagoons of Honduras.

The continental shelf from northeastern Brazil to southern Brazil slops
gently to about 140 m. Average distance is about 75 miles from the coast.
The gradient averaging 1-2/1000 in northeastern Brazil (Rocha et. al. 1975),
to 1-2 m/km in southern Brazil (Barreto et. al. 1975). The continental shelf
in the eastern Pacific around EI Salvador is wide and slopes gently (Miller 1975).
The continental shelf of northern, eastern and southern Brazil shows four
sedimentological zones. The inner region up to about 10 m contains soft
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mud, the muddle region up to about 60 m contains soft mud, the outer region
up to about 140 m contains gravel. At the end of this zone is the fourth
zone- the coral ridge (Summerhays et. el. 1975). Many sciaenids are confined
to the soft sandy mud region which is influenced by the fresh water from rivers ;
most of the soft bodied invertebrate fauna like polychaete worms, shrimps,
mollusks, echinoderms and bryozoans are concentrated in this region (Lowe-
Me Connell 1962 ; Barreto et. al. 1975). These are the major foods of
sciaenids.

All species of Paralonchurus and L. lanceolatus fed primarily on polychaete
worms and shrimps linking the distributions of the bottom animal fauna and
these fish species. The depth of capture indicates that P. dumerili, P. goodei,
P. petersi and P. rathbuni are the most inshore species ; P. elegans, and L.
lanceolatus are the most offshore species ; P. brasiliensis and P. peruanus appear
to inhabit both inshore and offshore waters. P. elegans and L. lanceolatus
being the deepest inhabitants have their swim bladder much more reduced
than the swim bladder in the other species. The former two species may glide
over the bottom using their long pectoral fins. The other species of Paralonchu-
rus are relatively shallow water inhabitants and have large swim bladders.
They may not be able to glide since their pectoral fins are short.

SYSTEMATICS

Trewavas (1962) drew the attention of sciaenid taxonomists to the structure
and complexity of swim bladders as generic characters. In addition, the
structures of sagittae, snout and mental pores and barbels have come to
dominate recent sciaenid generic descriptions (Chao 1976; Chao and Miller
1975 ; Mohan 1969 ; Trewavas 1964 ; Chu, Lo and Wu 1963).

The swim bladder in Paralonchurus and Lonchurus is simple without
many lateral branches. It has a central subconical body that runs ventral
to the kidneys and dorsal to the visceral organs. Its anterior end lies ventral
to the third and fourth precaudal vertebrae and the posterior end tapers to a
posterior apex above the anal fin. On either side of end slightly posterior
to the anterior end are single lateral stumps that each bifurcate into two horns.
The two anterior horns run forward latera'Iy and curve under the basioccipital
region with the two curved tips from each side lying on either side of the
esophagus to which they have no connection. The two posterior horns run
on either side of the main swim bladder and taper posteriorly near its posterior
end. The anterior and the posterior horns each have a lumen 1/10 of the
diameter of the lumen of the main swim bladder, and the lumen is continuous.
The main body of the swim bladder is reduced in P. elegans and L. lanceolatus
and is further reduced to a thick ridge with a fine reduced lumen in fema'es
ot L. lanceolatus. The sagittae ot P. brasiliensis, P. dumerili, P. peruanus
and P. rathbuni are thick, robust and fusiform with an enlarged oval ostium.
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The sagittae of P. elegans, P. petersi and L. lanceolatus are thin, narrow, and
elongated with an oval elongate osteum. The sagittae of P. goodei is inter
mediate in shape and thickness between these two forms. There are ten
sensory pores distributed in two tiers on the snout and upper lip in all species of
Paralonchurus and Lonchurus. There are five mental sensory pores mall
species of Paralonchurus and only four mental pores in L. lanceolatus.

There is a row of barbels on each ramus of the lower jaw in all species of
Paralonchurus. The anterior barbels of each row are crowded near the anterior
border of to central mental pore and they demonstrate monopodial type of
branching. In L. lanceolatus there are only two mental barbels and each
originates from the anterior border of the most anterior of the lateral pair of
mental sensory pores. Barbels in all species of Paralonchurus are supplied
by the muscles from the mandibular portion of the adductor mandibularis,
while the two barbels in L. lanceo/atus are supplied by two muscle bundles
from the protractor hyoideus. Thus, the barbels in Paralonchurus and,
Lonchurus may not be homologous. Soft dorsal rays are less than 34 in species
of Paralonchurus but higher than 35 in L. lanceolatus.

INTERRELATIONSHIPS

Presently, phylogeny and relationships of sciaenids are assessed on the
morphology of swim bladder, otolith, barbels, snout and mental pores (Chu,
La and Wu 1963 ; Chao and Miller 1975 ; Chao 1976 ; Mohan 1969 ; Trewavas
1962, 1964).

According to these authors, other morphological and osteological
characters of sciaenids change heavily within a given taxon. The descriptive
morphology and osteology of the species of Lonchurus and Paralonchurus
in the previous sections indicated similar results. Most of these characters
change much more than the swim bladder, otolith, barbels and pores. There
fore, I believe that the taxonomic characters presently being used by workers
in sciaenid taxonomy are most suitable for use. The swim bladder of the
species of Lonchurus, Paralonchurus and Pachypops have been the same
morphological pattern. This is similar to the pattern of the tribe Pseudotolithini
of the tropical west Africa (Trewavas 1962) and to the genus Bahaba of the
sciaenids of China (Chu, La and Wu 1963). All the other swim bladder patterns
of the sciaenids in Chinese waters are much more complex than those of the
Atlantic sciaenids. According to Chu, Lo and Wu(1963), all sciaenids in
Chinese waters are evolved from a form similar to Sciaena. Sciaena has a
complex swim bladder which suggests that the sciaenids with simple bladder
in the Atlantic Ocean are more likely have evolved. The morphology of the
swim bladder demonstrated a general closeness among the species of Paralon-
churus and L. lanceolatus (Fig. 4). In L. lanceolatus its lumen is extremely
reduced and the swim bladder wall is extremely thick. In P. elegans, the lumen
is larger than that of L. lanceo/atus but smaller than the other species of
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Paralonchurus ; all the remaining species of Paralonchurus have an identical
swim bladder lumen. The size of the swim bladder muscle of male L.lanceolatus,
P. elegans and P. goodei has reached the highest development (Fig. 4). The
swim bladder muscle of male P. brasiliensis, P. dumerili, P. peruanus, and
P. rathbuni are less developed than the former three species. In P. petersi,
the swim bladder muscle is the least developed (Fig. 4). The fema!es of all
species lack swim bladder muscles. The comparative morphology of the swim
bladders of the eight species is very similar suggesting a very close relationship.

Morphology of the otoliths is much more variable than swim bladder
within a given taxon (Chu, Lo and Wu 1963 ; Chao 1976). I found two
morphological forms of otoliths among the eight species within the basic
Lonchurus pattern of otolith (Chao 1976). In P. brasiliensis, P. dumerili
P. goodei, P. peruanus and P. rathbuni, the osteum is stout, dome-shaped and
the otoliths are ellipsodial and stout (Fig. 10). In P. elegans, P. petersi and
L. lanceolatus, the osteum is slender, pear-shaped and the otoliths are narrow
and elongate (Fig. 10). These shapes can be re'ated to the morphology of the
skulls. These otoliths are similar to the Sciaena-form of otoliths for sciaenids
in Chinese waters.

Each species of Paralonchurus and Lonchurus has five identical marginal
pores (Fig. 5). There are five rostral pores in Lonchurus which are not promi-
nent. According to Chao (1976), this condition of rostral pores is due to its
bottom living. There are three prominent rostral pores in the seven species of
Paralonchurus. In addition to these pores, in P. brasiliensis, P. dumerili, P.
goodei, P. peruanus and P. rathbuni there are two much more reduced rostral
pores on either side of the former pores indicating their close relationships.
These two pores were ignored by Chao (1976).

Lonchurus has four mental pores which are similar to that of Michthys a
'four-pore' form of the mental pores found in sciaenid fishes in Chinese waters.
All seven species of Paralonchurus have five mental pores as found in Sciaena
form of mental pores of the sciaenid fishes in Chinese waters.

There are only two mental barbels in L. lanceolatus - one on either side of
the tip of the lower jaw (Fig. 1) and an anterior pair of mental pores is found
at the base of each. Many barbels exist in all species of Paralonchurus and the
first three pairs are situated in a tuft on either side of the central mental pore.
In P. goodei the barbels are unique. The barbels in the mandibular region
are conical and robust and only one barbel exists at a point (Fig. 1). Those
barbels on the interopercular are thin and crowded and there are two to three
barbels at a point. Barbels extend more than half the length of the inte-ro
perculor. These two types of barbels in P. goodei indicate that it may not be
closely related to the other six species of Paralonchurus. There are no intero-
percular barbels in P. elegans, P. peruanus and P. rathbuni, and in P. petersi
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the interopercular barbels are confined to its anterior tip (Fig. 1). In P. brasilien-
sis and P. dumerili the in orpercular barbels extend half of the interopecular
(Fig. 1). This type of barbel distributional pattern may indicate close phylogenetic
relationships among the species of each group. No sciaenids in Chinese
waters or in the eastern Atlantic Ocean possess the combination of swim bladder,
otolith, pores and barbel characteristics found in the species of Paralonchurus
and Lonchurus.

Sciaenids with a single mental barbel are found in the Indowest Pacific
(Chu, Lo and Wu 1963), and on both sides of the Atlantic and in the eastern
Pacific (Trewaves 1964). However, sciaenids with many barbels are
distributed in the western Atlantic and eastern Pacific Oceans. This type of
distributional patterns may indicate their phylogentic relationships.

A limited external examination of a few specimens of Pachypops furcroi
revea ed many smaIJ barbels similar in type and distribution to those found in
Paralonchurus. I did not examine the bladder. Chao (1976) examined the
swim bladder of Pachyurus and found it to be different from Lonchurus leading
to suspect that Pachyurus may not be related to Lonchurus-Paralonchurus.
Pachypops, however may be related. I agree in general with Chao's (1976)
conclusion that Lonchurus and Para/on churus are close genera and worthy of a
supragenus Lonchurus based on swim bladder, otolith, pores and barbels.
I further add that in my osteological study of variation with the two genera
and my study of the soft parts. I found no additional characters that would
be useful at the suprageneric level. The genera are separated based primarily
on mental pore barbel musculature differences and that barbels between the
two genera are not homologous.
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1 randomly chose 25 characters out of all the characters discussed in the
previous sections. These were studied for similarities (or dissimilarties)
among the eight species. The total similar characters (or dissimilar) in
each species was converted into percentage similarities (or dissimilarities).
These values are represented in the phenogram (Mayr 1969). These characters
show three natural groups as shown in the phenogram (Fig. 16) P. Elegans,
P. petersi and L. lanceolatus are nore closely related (the difference in the
characters between the two groups is about 12%) than P. elegans, peters;
and P. goodei, P. petuanus and P. rathbuni (the difference in the characters
between these two groups is about 56%).

The same 25 characters were used to construct a star-type phenogram
(Mayr: 1969) to demonstrate characters shared by anyone pair of species.
This demonstrated that a pair of species formed among the species of P. elegans,
P. petersi and L. lanceolatus or among the species of P. brasiliensis, P. dumerili,
P. goodei, P. peruamus and P. rathbuni share more similar characters than a
pair of species formed between the two groups (Fig. 17).

3

Po'."'bun;j~~_-+-_~r- ~:--~__ A- __ -t-

Fig. 17. A star-type phenogram of the seven species of Paralonchurus and L. lanceolatus,
Figures indicate numbers of characters (in a total of 25) shared by each pair of specie;
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The proposed phylogeny (Fig. 18) of the two genera is based on the mor-
phological affinities on barbels, jaw muscle, sensory pores, and osteological
characters. L. lanceolatus is different from the other spieces by its lower jaw
musculature, barbels, pores and protrusibility of the upper jaw. P. elegans
and P. peters; are different from the rest of the species Paralonchurus in the
absence of parietal spine, pear-shaped osteum, conical enlarged premaxillary
teeth, predominant cycloid scales. P. elegans and P. petersi are different
in the barbel distributions and second preural neural spine. P. goodei is
unique among the other four species due to its two types of barbels and reduced
dorsal exoccipital process. P. brasiliensis and P. rathbuni both have elaborated
second preural neural spines than P. dumerili andP.peruanus, P. rathbuni has
an elaborated strgural part than P. brasiliensis and it does not bear inter-
opercular barbels. P. peruanus is different from P. dumerili by its caudal,
skeleton and barbel arrangement.
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Table 2. The summary of characters distinguishing the genus Paralonchurus,
its sub-genera and the genus Lonchurus.

genus
Paralonchurus Lonchurus

subgenera

Character Polye/emus Paralonchurus

Body shape oblong elongated elongated
Caudal fin blunt pointed pointed
Body bars present absent absent
Barbels many many two
Scales mainly ctenoid mainly cycloid mainly ctenoid
Mantal pores 5 5 4
Swim bladder well developed well developed reduced
Pyloric caccae well developed reduced reduced
Olfactory lamellae tightly arranged loosely arranged loosely arranged
Refractor arcum

branchialium
muscle present present present

Dorsal spines 10 to 11 11 11
Dorsal rays 22 to 32 30 to 34 35 to 40
Suborbitals height exceeds length exceeds length exceeds

length height height
Hyomandibular " "Urohyal divergent convergent convergent
Premaxilla horizontal arm horizontal ann horizontal arm

inflected deflected inflected
Front teeth normal enlarged, conical enlarged, conical

Preopercular elongated semicircular semicircular
Interopercular conical rectangular rectangular
Frontal ridge hyperossified not hyperossified hyperossified
Parietal spine present absent absent
Epioccipital forked not forked not forked
Ventral fin barely reach reach anal fin reach dorsal fin
Supraoccipital saillike not saillike not saillike
Exoccipital-process present absent absent
Posttemporal-limbs divergent convergent convergent
Sagittae thick, fusiform thin, fusiform thin, fusiform
Concretions many few few
Osteum dome shaped oval oval
Raemal spine- present absent absent

ossification
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