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PREFACE

This atlas is primarily the result of a larval fish investigation conducted at
the Hawaii Institute of Marine Biology between 1970 and 1974. During this
period a major effort was made to collect and identify nearshore marine fish
larvae for the purpose of determining �! the relative importance of different
segments of the nearshore environment around the Hawaiian Islands as nursery
grounds for marine fishes and �! the relative impact of different kinds of shore-
line developments on these larval fish resources. Since fewer than 25 percent of
the 530 species of Hawaiian fish larvae had been described previously, an atlas
containing descriptions of a greater percentage of the species was considered to be
a vital precursor to any ecological investigation.

Owing to the termination of the program in 1974, all of the forms that would
be encountered in nearshore collections are not included. However, the descriptions
contained in this atlas will suffice to identify over three-fourths of the specimens
 not species! obtained in such collections and, hence, are sufficient for many
ecological purposes. Furthermore, the descriptions of the species included in
Part I of this atlas are based on sufficient material to minimize the probability
that these described species will be misidentified. However, complete reliance on
this atlas for the identification of any larva may result in incorrect "identification"
of larvae of the many other  undescribed! species in these waters. This would
result in overestimates of abundance of the common forms. Since the rarer forms
are generally much less abundant, this bias would be slight. Until additional work
on larval taxonomy is resumed, useful taxonomic keys cannot be constructed.

Part II of this atlas is a summary of the winter and summer distribution
patterns of the common larvae. In addition, overall larval fish diversity and den-
sity maps of three islands � Kauai, Oahu, and Maui � are provided. Although
scanty, these distributional data could serve to indicate the more valuable seg-
ments of coastline for planning purposes. At least they suggest that the nearshore
waters of certain segments of coastline merit more intensive study of larval fishes
before they are altered by intensive shoreline development.

Part III of this atlas contains a list of larval tish literature pertinent to
Hawaii. This list, although not all-inclusive, was essentially compiled by the
authors in 1975. The literature included is widely scattered and much of it is in
foreign journals, so a systematic index is provided. Part I V is a list of the specimens
in the larval fish collections taken during this study, including the unidentified
types of larvae.

lt is the sincere hope of the authors that this atlas will stimulate further
ecological and taxonomic investigations of the larval fishes of Hawaii.
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Part I. Larval Fish Descriptions





INTRODUCTION

The larval stages of tropical marine fishes are, in general, inadequately
described. For example, prior to 1971 fewer than 50 larvae of the 530 fish species
in Hawaiian waters could be identified. During the following 3 years this number
was substantially increased through the efforts of the personnel of this project, so
that about 95 percent or more of the larvae obtained in any nearshore plankton
tow can now be identified to at least the familial level. In total about 250 kinds
are identifiable to some taxonomic level at present  the larval identification
methods used are given in Table 1!, while another 100 can be recognized but
remain unidentified. Numbers were assigned ta each of the unidentified larval
forfns, leading to the possible separation of the different stages of a single species,
or to the grouping of more than one similar species under a single number. In
practice, when subsequently captured stages have produced revision of the

system, in most cases it has been to synonymize forms. Thus, in Part II, data on
number of species, diversity, etc,, should be regarded as maximum numbers.

The sparse literature on larvae of fish which frequent Hawaiian waters is
widely scattered and not always readily available. For these reasons, illustrations
and descriptions of some of the more cornrnon larvae typically encountered in
nearshare surface plankton taws, even though they have been previously
described, are included. Papers dealing with these, and most other families inhab-
iting Hawaiian waters, are listed in Part I I I.

Although brief descriptions and literature citations for the eggs of many
species are given on the following pages, na effort has been made to provide either
complete descriptions or an exhaustive literature search. Hawaiian fish eggs are
discussed in greater detail in Watson and Leis �974!.

TABLE 1. IDENTIFICATION METHODS FOR FISH LARVAE

Method of
Identification

Method of
Identification SpeciesSpecies

Note: L = titerature; RA = reared from attached, unattended eggs; RD = reared from demersal eggs guarded
or brooded by an identifiable adult; RL = reared to identifiable size from planktonic larvae; RP = reared to
identifiable size from planktonic eggs; RS = reared from eggs spawned in captivity; S = size series of preserved
specimens.

Personal communication,

Etrumeus tares
Spratelloides delicatulvs
Stoiephorus purpureus
Stoiephorus buccaneeri
Chanos ohanos
Cyclothone sp.
Vincigverria ni mbari a
Trachinocephalus myops
Chloroph rhalmus proridens
Ceratoscopelus rrrrarmingi
Diaph vs sp.
Hygophym proxi mum
Lampadena sp.
Lampanyctus nobrhs
Cypselurus sp. 1
Cypselurus sp. 2
Pranesus insularum
iso hawaiiensis
Kyphosus vaigiensis
IVlollid sp.
Serranid Sr-5
Foa brach ygrammus
Caranx mare

S,RP,L
S
S,RP, L
S
S,L
S,L
S, L
S, L
S
s
L
L
B.Y. Sumida'
L, E.H. Ahlstrom"
s
S
S, RA
S
RP
S
S, L
S,RD
RP

Gna thanodon speci osus
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Trach urops crumen ophthalm us
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Abudefduf abdominalis
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Labrid L-3
Scombrolabrax heterolepis
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Complete adult meristics for each species are given whenever possible.
Abbreviated tables of meristics, derived from counts made during this study
and taken from the literature, are given in some sections. Vertebral counts include
all centra plus the urostyle. Fin elements are given in Roman  =spines! and
Arabic  =rays! numerals and the types of fins are given as follows: D = dorsal fin;
A = anal fin; P = pectoral fin; V = pelvic  ventral! fin; and C = caudal fin. A
divided fin is signified by a plus, "+"; separate spines and rays within an undivided
fin is signified by a comma, ",". A dash, "� ", indicates a range. For example,
D: Ill � V + I, 8 � 10 means three to five first dorsal spines plus one spine and eight
ta ten rays in the second, separate, dorsal fin.

The meristic counts are invaluable for the identification of metamorphic
stage specimens and are often of use with older larvae, when fin anlagen are
present. The approximately 1:1 correspondence between myomere and vertebral
numbers makes this particular characteristic a useful identification tool at all
larval stages.

Larval descriptions are based primarily on the sizes commonly encountered
in daytime surface plankton tows although the clupeoids are considered in some-
what greater detail. Species descriptions are of stages of common larvae encoun-
tered in the nearshore waters of Hawaii. All descriptions are based on at least
five specimens of each species; for many, they are based on 20 or more speci-
mens. For most species all descriptions are of "average" larvae; a given specimen
may differ from the average in numbers of melanophores � rarely in pigment
pattern � and in the sizes at which various characteristics are acquired, All lateral
views are illustrated as if the larvae were straight, with intact, erect fins. Dorsal
and ventral views are unmodified. In certain instances laboratory-reared specimens
are described and illustrated; in all cases these were indistinguishable fram field



specimens of similar size. Larval ages, i.e., day 1  =first 24 hours after hatching!,
day 2  =second 24 hours!, etc., are of larvae reared at ambient temperature  ca.
24 to 26 degrees C!.

All specimens were preserved in 5 percent neutral formalin for at least 6
months prior to use. This is sufficient time for all shrinkage to have taken place,
so that given sizes are stable but smaller  as much as ca. 20 percent! than life size
 Miller and Sumida, 1974!. Since all pigments other than melanin were lost during
preservation, the descriptions of pigmentation refer to melanophores only  except
where noted, when cornrnents on color were added from observations of live
specimens!.

Descriptions include, in part, rnyomere counts  ignoring the triangular
segment between the otic capsule and the first myoseptum!, rnyomere formulae
 preanal + postanal myomnereS, pigment patterns, body shape, spination, gut
length and configuration, gas bladder position, and, where applicable, rneristics.
These characteristics � especially myomere counts, shape, and pigmentation � are
most useful in the identification of fish larvae.

The descriptive terminology follows that of Mansueti and Hardy �967!,
except that their "auditory vesicle" is called an "otic capsule" and "anlage" is
used only with reference to fin prirnordia. The term "prejuvenile" is restricted as
defined by Hubbs �958!; "metamorphic stage" is used instead of the "prejuve-
nile stage" as defined by Mansueti and Hardy. Several additional morphological
terms are used in this text; see Figure 1.

The phylogenetic arrangement of larvae in this atlas follows the work of
Gosline �971!. Nomenclature is based primarily on Gosline and Brock �960!,
with some changes as noted.

The following larval fish descriptions, and accompanying illustrations are
included to represent the more common types encountered in nearshore surface
plankton tows in Hawaii.





DUSSUMI E RII DAE

Etrumeus tares  makiawa!

Adult rneristics
Larvae

Eggs

Yolk sac larvae

2,0 mmI .0

Figure 2. Etrumcus teres yolk sac larva, day 2, 5.7 mrn SL

D: 20 � 21; A: 10 � 11; P: 16; V: 8 � 9; C: 19; vertebrae: 54 � 56

The transparent planktonic eggs are spherical, 1.45 to 1.53 mm in diameter,
with a weakly segmented yolk and no oil droplet. In Watson and Leis �974!,
the E. teres egg is illustrated as E. micropus, and diel and seasonal abundances are
described.

Etrumeus teres are larger at hatching  ca. 6 mm SL! than most of the other
Hawaiian clupeoid fishes. The yolk sac larvae are elongate, with a simple tubular
gu. nt. Mela ophares are restricted to three areas: an internal group over the

im Iforebrain region; a group over the gut and ventral finfold, centered approximate y
two-thirds of the way posteriorly along the gut; and single melanophares on
the hindgut above the anus and on the ventral midline near the terminus of the

notochord. The eyes of reared larvae remain unpigmented through day 2
 Fi ure 2!. Day 3 larvae retain some yolk, have functional jaws, and begin devel-igure
oping pigmented eyes. The myomere formula during this stage is 42+ 12 � 13. Fin
anlagen are absent.

By day 4, the yolk is gone, the eyes and jaws are functional, the hindgut
has became canvoluted, and the caudal fin anlage is present  Figure 3!. The fore-
brain pigment has condensed ta form a single anterior pair of rnetanophores
 Figure 4!. A pair of rnelanophores occurs alongside the anterior foregut, others
are paired along each side of the posterior midgut, and the group over the hindgut
is still present. A single melanaphore lies at the symphysis of the cleithra  Figure
5!. One or two melanaphores occur an the caudal fin anlage.

As development proceeds the jaws become elongate, the teeth lengthen,
and the eyes become noticeably ovoid  Figure 6!, The gas bladder is indistinct in
larvae smaller than ca. 8 mm SL. At 8 rnm SL the dorsal and anal fin anlagen
become apparent, the notochord begins to flex, and nineteen caudal fin rays may
b d' d. C ncurrent pigment changes include the extension of the midgute iscerne . o

melanaphares cephalad, the movement of the hindgut pigment out o t e in o
and the development af a single row of melanophores along the ventral midline of
the gut.



Figure 3. Etrumeus teres, day 4, 6.6 mm SL

l.o

Figure 4. Etrumeus teres, day 4, 6.6 mm S L, dorsal view of head



Figure 5, Etrumeus teres, day 4, 6,6 mm SL, ventral view

2.0 mm

Figure 6. Etfumeus teres, day 9, 6.2 mm SL.  Specimen shrank prior to preservation.!



2,0 mmI.O

Figure 7. Etrumevs teres, 12.6 mm S L

2.0 mm1.0

Figure 8. Etr umeus teres, 12.6 mm SL, ventral view

The notochord is fully flexed, the dorsal and anal fins are partly ossified,
the eye is round, and the myomere formula remains 42+ 12 � 13 by ca. 12 rnm SL
 Figure 7!. In addition, the paired ventrolateral melanophores extend nearly the
length of the midgut, and a single row extends along the midventral side of the
gut from the level of the gas bladder to the anus  Figure 8!. A row of three or
four melanophores lies along the isthmus, and another � usually of three or four

melanophores-extends caudad along the midventral line beginning immediately
behind the anal fin  Figure 8!. A diagonal row of rnelanophores extends along the
lower caudal fin rays  Figure 7!.

Between ca. 12 mm SL and metamorphosis, the number of melanophores
along the ventral side and cleithrum increases  Figures 9 and 10!.



Figure 9. Etrumeus teres, 19.0 mm SL, view of head

p I.p z.p IIIm

Figure 10. Etrumeus teres, 19.0 mm SL, ventrai view



Spratelloides delicatulus  piha!

Adult meristics

40
Eggs

Larvae

U!
IZ
O CI
4.
O
R
g 30
IX
O

20
5 20 25

STANDARD l ENGTH, mm

30l5 40

Pelvic fins are ossified in ca. 19 mm SL larvae  Figure 10!; only the pectoral
fins remain unossified. The dorsal fin rnigrates cephalad as development proceeds:
at ca. 35 mm SL  Figure 11!.

Figure 11. Etrumeus ceres: predorsal myomeres vs. larval length

D: 10 � 12; A: 9-10; P: 11 � 13; V: 8; C: 19; vertebrae: 44 � 45

S. delicatulus eggs have not been described in the literature. Uchida et al.
�958! characterized Spratelloides japonicus eggs as being adhesive and demersal.

Specimens of ca. 6 mm SL lack yolk, but have oval pigmented eyes, func-
tional jaws, a typical convoluted hindgut, a conspicuous gas bladder, and dorsal,
anal, and caudal fin anlagen. Also, the notochord is straight and incipient fin rays
are not apparent  Figure 12!. A single meianophore lies near the upper end on
each side of the cleithrum, pairs of melanophores are present alongside the fore-
and midgut, single rows lie aiong the dorsal and ventral rnidlines of the hindgut,
and one or two pairs occur on the dorsolateral surface of the gas bladder. Three
melanophores Iie on the ventral midline between the anal and caudal fin anlagen, 11
with one or two others on the dorsal midline  Figure 12!.

Changes through final caudal flexure  ca. 9 mm SL! are few; the eyes
become rounded and the dorsal fin anlage lengthens. Eighteen caudal fin rays
may be discerned, but incipient dorsal and anal fin rays are not apparent  Figure
13!. The melanophores in the gut region become more numerous, an internal pair
appears on the anterior foregut just ahead of the cleithra, and an external pair
deveIops at the base of the anal fin anlage. Internal melanophores are present
around the urostyle and at the lower edge of the peduncle. Others lie on the
caudal fin membrane near the base of most of the rays  Figures 13 and 14!. An
internal melanophore develops on the posterior center of each midbrain
hemisphere, and an external pair overlies the hindbrain  Figure 15!.

The dorsal fin migrates cephalad from an origin at myomere 28  ca. 9 mm
SL! to myomere 16  ca. 15 mm SL!. The gut shortens slightly  the myornere
formula is 34 + 11 at ca. 9 mm SL and 32+ 13 at ca. 15 mm SL!, and pelvic fins
develop. By ca. 15 rnm SL all fins are completely developed except the pectoral
fin, which has only the uppermost three to five rays ossified  Figure 16!.

The row of melanophores along the midventral side of the hindgut
disappears by ca. 15 mm SL, while the ventrolateral melanophore pairs extend
caudad to lie along the entire gut  Figure 17!. The middorsal hindgut series,



1.0

Figure 12. Spratelloides delicatulus, 6.3 mm SL.  Semidiagrammatic reconstruction of damaged specimen.!



Figure 13. Spratelloides delicatulus, 9.4 mm SL, pectoral tin diagrammatic

2.0 mm

Figure 14. Spratelloides delicatulus, 9.4 mm SL, ventral view



Figure 15. Sprate//oides de/icatu/tjs, 9.4 mm SL, dorsal view of head



0, l,0 20mm

Figure 16. Spretelloides delicatulus, 15.9 rnm SL

0 l0 20mm

Figure 17. Spratelloi des delicatulus, 15,9 mm S L, ventral view

extending from the gas bladder to above the anus, remains. Two or three pairs of
melanophores lie on the dorsolateral surface of the gas bladder and a pair lies at
the base of each of the last three or four anal fin rays. In addition, the internal
peduncle pigment, together with the external melanophores on the caudal fin,
forms a characteristic triangular or pentagonal pattern  Figure 16i which remains
until metamorphosis.

The posterior middorsal and midventral melanophores are usually present
throughout the larval stages. Internal meianophores overlie the notochord from

ca. 13 mm SL. The head becomes more heavily pigmented as development pro-
ceeds, but the external pair of melanophores above the hindbrain remains visible
throughout the larval period  Figure 18!. By ca. 15 mrn SL the lower parts of
the cleithra are heavily pigmented.

Melanophores may develop rnidlaterally on the postanal myomeres  one
per rnyomerej in larvae larger than ca. 15 rnm SL, but these are quite variable in
number.



Figure 18. Sprarelloides delicatulus, 15.9 mm SL, dorsal view of head

Identification

Literature

Dussurnieriid larvae are recognized by shape and pigment pattern. S.
delicatulus, which may be confused with Chanos chanos in the ca. 10 to 15 mm
SL size range, may be distinguished from the latter by the different ventral and
caudal pigment patterns. Also, the longitudinal muscle fibers of C. chanos are
readily distinguishable from the "cross-hatched" muscle fibers typical of S.
delicatulus. Larger individuals can be differentiated by fin ray counts  Table 2!.

Etrumeus teres may be confused with the gonostomatid, Vinciguerria
nimbaria, and the engraulids, Stolephorus purpureus and S. buccaneeri. This is
especially true for iarvae smaller than ca. 12 to 14 rnm SL. Myomere counts can
be used to distinguish between the smaller larvae and fin ray counts to distinguish
between larger specimens  Table 2!. Additional distinguishing characteristics

include the convoluted hindgut and ventral pigment which V. nirnbaria lacks but
the others have, the narrow eye of V. nimbaria, and differences in the ventral
pigment patterns between the Stolephorus species and E. Ceres.

Larvae of the Marquesan sardine, Sardinella marquesensis, resemble the
dussumieriid larvae. These are distinguishable by myomere and fin ray counts
 Table 2!. Gonorhynchus gonorhynchus  not identifiable from project material!
can be similarly identified  Table 2!.

Delsman �925!, Houde and Fore �973!, Mito �961a!, Uchida et al.
�958!, Watson and Leis �974!



TABLE 2. MERISTICS OF SELECTED CI UPEOID, GONORHYNCHOID, AND
STOM I ATOI D FISHES

ENGRAULIDAE

Stolephorus purpureus  nehu!
Species Reference" Vertebrae

Adult meristics
14-16
11 � 13

8 � 11
9 � 10

10 � 12
6 � 9

17
11

1
1. 2

44 � 46
55

20 � 21
10 � 12

10 � 11
9 � 10

54 � 56
44 � 45

8 � 9
Eggs

'16
11 � 13

$6 � 17 18 � 20 '� � 15

13 � 14 14 � 16 14 � 151,4

12 � 14 'I5 � 17 13 � 15'l, 4, 5

Yolk sac larvae
13 � 15
13 � 15

16 � 19
13 � 15

13
10

29 � 33
41- 42

6
1,7

"1 = counts made by project personnel; 2 = Furukawa �951!; 3 = Berry and Whitehead �968!; 4 =
Strasburg �960a!,' 5 = Tester and ffiatt �952!; 6 = Grey �964!; 7 = Ahlstrom and Counts �958!

2.0 mmI.O

Figure 19. Sto ephorus purpureus yolk sac larva, day 1, 3.3 rnrn SL
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41 � 44

D: 12 � 14;A: 15 � 17; P: 13 � 15; V: 7; C: 19; vertebrae: 41 � 44

The transparent planktonic eggs are ellipsoidal, 1.75 mrn x 0.65 mrn, with
no oil droplet or segmented yolk. Egg development is illustrated in Nakamura
�970!; diel and seasonal distributions are discussed in Watson and Leis �974!.

Newly hatched S. purpureus larvae are small-ca. 3 mm SL  Figure 19!.
They are elongate with a large yolk sac and a simple tubular gut. They lack
pigment. The rnyomere formula is 30+ 13 � 14.



Larvae

2.0 mm1.0

Figure 20. Stolephorus purpureus, 7.6 rnm SL

2.0 mmI.O

Figure 21. Stolephorus purpureus, 7.6 rnrn S L, ventral view

By ca. 4 mm SL the eyes are pigmented and the jaws functional. Melano-
phores paired along the sides of the midgut develop concurrently with the eye
pigment. The head is rounded at this stage, but by ca. 6 rnm SL, the jaws are more
elongate, appearing somewhat pointed.

Dorsal, anal, and caudal fin anlagen are present and the notochord is just
beginning to flex by ca. 7.5 rnm SL  Figures 20 and 21!. Ten caudal rays may be
discerned, but incipient dorsal and anal fin rays are not yet apparent. The gas
bladder is conspicuous, and the typical convoluted hindgut is present  Figure 20!.
The myomere formula is 29+ 14 � 15.



I .0 P,Q mm

Figure 22. St'olephorus purpureus, 8.9 rnm SL

Pigmentation includes a single melanophore at the isthmus, paired melano-
phores along the midgut  which are present throughout the larval stage!, a pair
 sometimes absent! centered on the dorsolateral surface of the gas bladder, a few
on the ventral midline of the anterior one-half to two-thirds of the hindgut, one
to three pairs dorsally on the posterior hindgut, and two on the ventral midline
just behind the anal fin anlage  Figures 20 and 21!. Melanophores are also found
along the sides of some of the caudal fin rays  one or two per ray!. Others are
scattered over the upper peduncle and caudal finfold. One melanophore lies at the
distal end of the peduncle between the superior and inferior hypural elements
 Figure 20!.

Few changes occur by ca. 9 mm SL  Figure 22!. At this size the notochord
is flexed, the anal and principal caudal fin rays are ossified, and the dorsal fin rays
are becoming ossified. A pair of melanophores is present on the cleithra just above
the symphysis, the number of pairs on the gas bladder increases to four, and the
midventral pigment on the hindgut disappears. A row of melanophores on the

middorsal surface of the hindgut extends from just behind the gas bladder to
above the anus. The number of melanophores on the ventral midline posterior to
the anal fin increases to three or four. Melanophores lying along the caudal fin
rays are found only on the proximal half of the fin  Figure 22!.

The head remains "pointed" through ca. 12 mm SL, and the myomere
formula remains 28+ 15 � 16.

Pelvic fin buds appear at ca. 13 mm SL. The head begins to become
rounded and the dorsal, anal, and caudal fins are complete at ca. 14 mm SL.
Pelvic fin rays begin to ossify at ca. 15 rnm SL; pectoral fin rays do not develop
until metamorphosis  ca, 20 mrn SL!. The gut continues to shorten as
development proceeds: at ca. 15 mm SL the myornere formula is 26+ 17 � 18; at
ca. 19 mm SL it is 23 � 24+ 19 � 20  Figure 23!. The dorsal fin likewise rnigrates
cephalad: the dorsal fin origin lies at myomere 26 at ca. 15 mrn SL and no further
caudad than rnyomere 23 by ca. 15.5 mm SL  Figure 24!,
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Figure 23. Stolephorus purpureus and S. buccaneeri: preanal myomeres vs.
larval length

Figure 24. Stolephorus purpureus and S. buccaneeri: predorsal rnyomeres vs.
larval length
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1.0 2.0 mm

Figure 25. Srolephorus purpvreus, 15.7 mm S L

0 10 20mm

F igure 26. Srojephorus purpureus, 15.7 mm SL, ventral view

There is little pigment change between ca. 9 and 15 mm SL, The number of
melanophores along the isthmus and on the posterior ventral midline increases,
and one or two pairs develop along the base of the anal fin  Figures 25 and 26j.

The caudal pigment is found only within a diagonal band along the lower caudal
fin rays  Figure 25!. Dorsal or lateral pigments do not develop until metamor-



Stolephorus buccaneeri Identification

Adult meristics

Eggs

Larvae

22 Literature

0 I.O 2.0 mm

Figure 27. Stolephorus buccaneeri, 15.8 mm SL

D: 13 � 14; A: 14 � 16; P: 14 � 15; V: 7; C: 19; vertebrae; 42 � 43

In Delsman �931!, Stolephorus zoilingeri is described as a planktonic,
ellipsoidal egg without an oil droplet. Ozawa and Tsukahara �973! cited this
as the egg of S. buccaneeri. Strasburg �960a! described ovarian eggs as oval,
with no oil droplet.

S. buccaneeri larvae develop in much the same way as S. purpureus, except
t e former develops somewhat faster  cf. Figures 25 and 27!. The gut shortens
and the fins migrate as in S. purpureus  Figures 23 and 24!. The larval develop-
ment of S. buccaneeri larvae is discussed and illustrated in detail in Ozawa and
Tsukahara �973!.

Stolephorus larvae may be confused with Etrumeus teres larvae at sizes
between ca. 6 and 14 mrn SL. Their distinctions are discussed in the "Dussumie-
rii ae" section.

Stole h r

Sardinella marquesensis and Gonorhynchus gonorhynchus res bl them e e

o ep orus species; the latter can be distinguished by myornere counts and the
former two are separated by numbers of dorsal and anal fin rays  Table 2!.

S. purpureus may be confused with S. buccaneeri at all sizes. Larvae are
usually distinguishable by eye diameter. S. buccaneeri has a larger eye  Figure
28!. It is easiest to identify larvae between ca. 8 and 20 mm SL. S. buccaneeri is
usually more heavily pigmented than S. purpureus and is usually foundun in open

al waters rather than in harbors and bays as is S. purpureus, Unfortunately
these two species overlap to some extent in all characteristics. The differences
between these species are discussed in greater detail in 0 d T k h
�973!.

Delsman �931!, Nakamura �970!, Ozawa and Tsukahara �973!,

�951!
Strasburg �960a!, Tester and Hiatt �952!, Watson and Leis �974! Y h'eis, amas ita
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Chanos chanos  awa!

Adult rneristics
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Figure 28. Stofephorus purpureus and S. buccaneeri: eye diameter vs.
standard length
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D: 14 � 16; A; 8 � 11; P: 17; V: 10 � 12; C: 19; vertebrae: 44 � 46

Delsman �926c, 1929! described C. chanos as pelagic, spherical, 1.2 rnrn in
diameter, lacking oil droplets, and having a weakly segmented yolk.

Larvae of 4.8 rnrn SL  Figure 29! retain some yolk and have unpigrnented
eyes, incompletely developed jaws, and a simple tubular gut. The myomere
formula is 34 + 10. The longitudinal muscle fibers are visible. Melanophores are
scattered throughout the dorsal and anal finfolds, others lie dorsally along the
trunk, a few lie along the gut, some are widely scattered laterally on the trunk
and yolk sac, and others are scattered on the head, mostly in the forebrain region.

Specimens of C, chanos between ca. 5 and 8.5 mm SL and those larger than
ca. 13.5 rnm SL were not taken during this study.

By ca. 8.5 mm SL, the larvae have dorsal, anal, and caudal fins, conspicuous
gas bladders, and somewhat shortened guts. Pelvic fins and pectoral fin rays are
absent before ca, 13.5 mm SL  Figure 30!. Between ca. 8.5 and 13.5 mm SL the
gut shortens slightly: at ca. 8.5 rnm SL the myomere formula is 32 + 12 � 13;
at ca. 10.5 mm S L it is 31 + 13 � 14  Figure 30!.

The pigment pattern changes considerably between 4.8 and 8.5 mm SL, but
very little between ca. 8.5 and 13.5 mm SL. In the latter size range, a single row
of melanophores occurs in the ventral finfold from the foregut to about halfway
caudad on the hindgut  Figure 31!. Two or three pairs of melanophores lie on the
dorsolateral surface of the gas bladder, and another two or three pairs on the
dorsal surface of the gut immediately anterior to the anus.

Additional melanophores may or may not occur on the dorsal midline of
the hindgut �9 of the 26 fish examined had some pigment!. When present, these



mrn SLFigure 29. Chanos chanos yolk sac larva, 4.8 mrn
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Figure 30. Chanos chanos, 10.2 mm S L
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Figure 31. Chanos chanos, 10.2 mm SL, ventral view
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Figure 32. Chanos chanos, 10.2 mrn S L, dorsal view

I arval development is described and illustrated further in Delsman resembles Sardinia marquesensis and Gonorhynchus rjonorhynchus; these can be
 'I926c, 1929!. distinguished merist ical ly  Table 2!.

LiteratureIdentification

Blanco and Villadolid �951!, Delsman �926c, 1929!C. chanos larvae may be confused with larvae of Spratelloides delicatulus;
their differences are discussed in the "Dussumieriidae" section. C. chanos also



GONOSTOMATlDAE

Cycl othone sp.

Merist ics
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Larvae

Vinciguerria nimbaria

Adult meristics

Eggs

2.0 mmI.O

Figure 33. Cyclothone sp., 4.8 mm S L

D: 13 � 15; A; 18 � 19; P: 13; V: 7; C: 19; vertebrae: 32

Cyclothone sp. eggs have not been identified in the literature. Pelagic eggs
have been described for some other gonostornatids, e.g., Vinciguefria lucetia
 Ahlstrom and Counts, 1958! and Maurolicus pennanti  Sanzo, 1931d!.

Larvae of 4.8 rnm SL  Figure 33! are long and slender, with dorsal, anal,
and caudal fin anlagen and four to six incipient caudal fin rays. The notochord is
just beginning to flex at this size. The dorsal and anal fin origins are nearly oppo-
site one another, as is typical of Cyclothone sp, The gut extends about one-half

26 the length of the body, giving a myornere formula of 15+ 17. The gas bladder is
spherical and quite prominent. Numerous small teeth are present on the maxil-
lary.

Three pairs of melanophores lie laterally along the gut: one at the foregut,
another at about the midpoint, and the third at the hindgut, above the anus. A
pair of rnelanophores lies on the dorsal surface of the gas bladder. A row of 7 to
12 internal melanophores is present along the ventral midline posterior to the

anus, and an internal diagonal band extends through the lower peduncle. External
melanophores are scattered near the terminus of the notochord. A single melano-
phore lies at the distal edge of the caudal fin anlage between the superior and
inferior hypural elements  Figure 33!.

By ca. 6.5 mm SL, the notochord is flexed and rnelanophores embedded
over the notochord begin to appear posteriorly, increasing in number cephaiad
with increasing larval size. Additionally, a melanophore is present at the sym-
physis of the cleithra. Others develop along the anterior hypaxial myosepta,
increasing in number caudad with increasing larval size, and paired melanophores
develop at the base of most or all anal fin rays.

The dorsal, anal, and caudal fin rays are ossified by ca. 8.5 rnm SL. Pelvic
buds and incipient pectoral rays appear at ca. 8.5 mrn SL. The myomere formula
remains 15+ 17. The pigment pattern typical of smaller Cyclothone sp. larvae is
retained at this size.

D: 13 � 15; A: 13 � 15; F: 9 � 10; V: 7; C: 19; vertebrae: 41-42

Ahlstrom and Counts �958! attributed planktonic, spherical eggs 0.64.to
0.72 mrn in diameter, without oil droplets, to V. nimbaria.
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I.O 2.0 mm
Figure 34. Vinciguerria nimbaria, 9.1 mm S L

Larvae of 5.2 mrn SL are elongate, with narrow eyes on very short stalks
and dorsal and caudal fin anlagen present. The notochord is straight, but the
anat fin anlage is not apparent yet. The pigmentation usually consists of a single
melanophore at the anterior end of the caudal fin anlage. Silas and George �969!
described a midlateral melanophore at the level of the pectorat fin and another on
the ninth postanal myomere in small V. nimbaria larvae from the Indian Ocean.

The anal fin anlage develops by ca. 7 rnm SL, and the notochord is flexed
at ca. 8 mm SL. By ca. 12 rnm SL the adult complement of dorsal and anal fin
rays is nearly formed and the adipose fin is becoming visible. The terminus of the
dorsal fin lies two or three myorneres behind the origin of the anat fin, as is typi-
cal of V. nimbaria  Figure 34!. The gut extends beyond the midpoint of the body,
giving a myornere formula of 26 + 16. Prominent teeth are present along the
upper jaw. The pelvic buds appear at ca. 12 mm SL. The eyes remain narrow and
the pectoral fin undifferentiated until metamorphosis, which begins at ca. 14 mm
SL.

The pigment pattern changes little between ca 5.2 and ca. 12 rnm SL: the
caudal melanophore remains on the side of the lower peduncle, and a somewhat
V-shaped band of rnelanophores � separated between the superior and inferior
caudal rays � lies along the proximal end of the caudal fin  Figure 34!. Silas and
George �969! reported the development of rnelanophores along the anal fin base
by ca. 8,5 mm SL and the loss of the midlateral melanophores in larvae larger
than ca. 9 rnm SL.

The larval development of V. nimbaria is described and illustrated in greater
detail in Silas and George �969! and Ozawa �973!.

Cyciothone sp. may be distinguished from most other elongate fish larvae
by myomere number  Table 2!, the relative positions of dorsat and anat fins, the
position of the anus near the midpoint of the body, and the ventral and caudal
pigment patterns.

Gonostoma atlanticum resembles Cyciothone sp. They may be dis-
tinguished by myomere counts �7 to 40 in G. atiantr'curn!, gas bladder shape
and position  usually sphericat and projecting up into the hyporneres in
Cyciothone sp. vs. usually oval-shaped and lying below the hypomeres in
G. atlanticum!, and caudal pigment  present in Cyclothone sp., but absent in small
G atianticum!

V. nimbaria tarvae superficially resemble Etrumerjs teres. These are easily
distinguished by myomere count  Table 2!, eye shape, and ventral pigment as
described in the "Dussumieriidae" section.

At least three species of Vinciguerria are present in Hawaiian waters,
including V. nimbaria and V. poweriae. The differences between these larvae are
discussed in Ahlstrom and Counts �958!. 27

Ahlstrom �974!, Ahlstrom and Counts �958!, Ahlstrom and Moser
�969!, Grey �964!, Jespersen and Taning �919!, Ozawa �973!, Sanzo
�931d!, Silas and George �969!
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2.0 mmI.O

Figure 35. Trachinocephalus myops, 9.6 mm S L

D: 11 � 14; A; 14 � 16; P: 11 � 13; V; 8; C: 19; vertebrae: 54 � 56

None of the eggs sampled during this study was attributed to T. myops.
However, one synodontid egg not yet identified beyond the familial level is a
common component of the nearshore Hawaiian ichthyoplankton. This egg is
spherical, 1.25 mm in diameter, without oil droplets, and with the typical
synodontid mesh of hexagonal facets on the chorion  Watson and Leis, 1974!.

Mito �961a! tentatively attributed a similar, but smaller �.13 rnm
diameter!, egg to Trachinocephalus myaps.

Larvae of ca. 9.5 mm SL  Figure 35! � the smallest size of this species
normally taken in nearshore plankton tows � are elongate, with a very short snout
which gives the head a rounded appearance, Only the caudal fin anlage is present.
The gut is long, yielding a myomere formula of 38 + 17 � 18. The hindgut is
convoluted.

The single most distinctive feature of synodontid larvae is the series of
large, paired, pigment patches lying along the gut. In the case of T. myops, six
pairs are present: �! below the pectoral fin; �! at myomeres 5-7; �! at
myorneres 13 � 15; �! at myomeres 20 � 22; �! at rnyomeres 27 � 29; and �! at
myomeres 36 � 38  Figure 35!. These are present until metamorphosis. A large
melanophore lying on the ventral midline, about halfway between the anus and
the posterior end of the notochord, likewise is present until metamorphosis.
Numerous small melanophores are scattered over the peduncle area in ca. 9.5-mm
SL larvae. Caudal fin rays begin to develop at ca. 10 mrn SL. The notochord
begins to flex and the anal fin anlage first appears at ca. 12 mrn SL. By ca. 14 mm
SL the notochord is fully flexed. Anal fin rays begin to develop at ca. 17 mm S L.
When the anal fin is fully developed, the posterior rnidventral melanophore lies at
its terminus. The only pigment changes that occur between ca. 9.5 and 17 mm SL
are the presence of the terminal melanophores on only the upper half of the
peduncle and the development of melanophores along all but the lower three or
four caudal fin rays.

Synodontid larvae and prejuveniles are immediately recognized by their
elongate shape and the large, paired, pigment patches lying along the gut.
Prejuveniles typically attain a large size � often 30 rnm SL or more. Some
argentinids and bathylagid smelts superficially resemble synodontid larvae; these
can be differentiated by eye shape  narrow and sometimes stalked in bathylagids,
always round in synodontids! and by the usually heavier pigmentation of
argentinids  including head and lateral pigment!.
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Within the synodontids, five of the six Hawaiian species are at least tenta-
tively identifiable by myomere and pigment patch counts  Table 3!. The pigment
patch counts are not applicable to small larvae-ca. 5 rnrn SL or less � since these
have not yet acquired a full complement of patches  e.g., Okiyarna, 1974a!.

TABLE 3. DIAGNOSTIC CHARACTERISTICS OF SELECTED SYNODONTID
LARVAE AND PREJUVENILES

T. myops is described above; very brief descriptions of four other
synodontid larvae follow. Although the descriptions are based on only one to four
specimens and therefore may not be truly representative of each species, they are
included here as a source for future reference.

Saurida racilis � s ecimen: 11.6 mm SL!. The myomere formula is 31+
16. Adult rneristics are D: 10; A: 9 � 10, P: 12; V: 8. Seven paired pigment
patches are evenly spaced along the gut, the first lying at the level of the pectoral
base and the last at the anus. Two large rnelanophores are present on the ventral
midline posterior to the anus. Scattered melanophores are present along the
caudal fin rays and on the lower half of the peduncle. Anal and caudal fins are
formed and the dorsal fin anlage is present.

S nodus dermato enys � specimens: 12.3 to 30.3 mm SL!. The myomere
formula is 49 � 50 + 15 � 16. There are 8 to 9 anal fin rays in larvae larger than ca,
25 mrn SL. The dorsal fin remains as anlage and pelvic fin as buds to at least 30.3
mm SL. There are 13 to 14 dorsal fin rays in adults. Twelve pairs of pigment
patches are evenly spaced along the gut, the first lying just anterior to the pectoral
base and the last at the level of the anus. One large melanophore is present on the
ventral midline at the terminus of the anal fin, One internal melanophore is
present on the central lower half of the peduncle at its distal edge. Melanophores
are scattered along the lower caudal fin rays and externally on the upper peduncle
of the largest specimen.

Synodus varie atus � specimen: 37.5 rnm SL!. This specimen has a total of
63 myomeres. Adult meristics are D: 12; A: 9; P: 12; V: 7. Twelve paired
pigment patches are evenly spaced along the gut, the first lying just anterior to the
pectoral base and the last at the level of the anus. One elongate melanophore is
present on the ventral midline at the terminus of the anal fin; paired
melanophores are present at the base of anal fin rays 3 through 9. Small melano-
phores are scattered over the upper half of the peduncle along the lower
caudal fin rays. One internal melanophore is present at the posterior center of
each midbrain hemisphere; external melanophores overlie the midbrain region.

Literature

Gibbs �959!, Mito �961a!, Okiyama �974a!, Watson and Leis �974!

Synodus binotatus � s ecimens: 27.0 to 32.3 mrn SL!. This species has a
total of 54 to 56 myomeres. Adult meristics are D: 11 � 13; A: 8 � 10; P: 12; V: 8.
Eleven paired pigment patches are evenly spaced along the gut, the first lying just
anterior to the pectoral fin base and the last at the level of the anus. One large
melanophore is present on the ventral midline at the terminus of the anal fin;
paired melanophores are present at the base of the last two or three anal fin rays.
Some melanophores are present at the center of the distal edge of the peduncle;
others are scattered along the lower caudal fin rays.
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LFigure 36. Chlorophthalmus prrori dens, 6.4 rnm S

Adult rneristics
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MYCTOPHIDAE

Ceratoscopelus warmingi

Larvae

1.0 2.0 mm

Figure 37. Ceratoscopejus warmingi, 5.2 mrn S L

Myctophids are a very diverse group in Hawaiian waters and are represented
by approximately 18 genera and at least 47 species  Clarke, 1973!. Their larvae
can be recognized by a few common characteristics: myomeres usually number in
the mid- to upper thirties; the gut is convoluted and typically not more than one-
half the body length; the larvae are usually not especially elongate; in some genera
the smaller larvae may have narrow eyes; and the smal'ler larvae often have
melanophores along the ventral midline of the tail.

The following five common species were selected to illustrate the body
forms and pigment patterns of larvae of the species most often encountered,

The C. warmingl larvae most commonly encountered are between ca. 3 and
9 mm SL. These have oval eyes, are moderately elongate, have a gut one-half the

length of the body or less, and have pigment restricted to a pair of
melanophores on the hindgut and one or more  the number decreases with
increasing larval size! on the ventral midline posterior to the anus.

Larvae smaller than ca. 3.5 mm SL lack fin anlagen and have seven melano-
phores along the ventral midline. In other respects they resemble ca. 5.0 mm SL
larvae  Figure 37!, which have caudal fin anlagen and prominent gas bladders. The
number of midventral melanophores is reduced to five or six in ca. 5.0 mm SL
larvae.

By ca. 6.5 mm SL, the notochord is flexed and 19 caudal fin rays are
present. Dorsal and anal fin rays are partially ossified  D: 9; A: 8!, as are the
pectoral fin rays. Pelvic fin buds first appear at about this size and the paired
melanophores above the anus are still present. However, the midventral series is
reduced to a single rnelanophore near the midpoint between the anus and the
peduncle.

At ca. 9 mm SL the dorsal and anal fins are completely formed  D: 14;
A: 14-15!, the pectoral fin is nearly developed, and the pelvic fin rays are begin-
ning to ossify. The pigment pattern remains the same, however.



Diaphus spp.

Hygophum proximum

The myomere formula is 15+ 19 � 20.
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Figure 38. Oiaphus sp., 5.0 mrn SL

The typical myomere formula is 16+ 16 � 21.

Oiaphus spp. larvae ln samples taken during this study generally were ca. 2
to 5 rnrn SL. It was found that they have oval eyes, are moderately slender, and
have a gut approximately one-half the body length. In addition, they have
rnelanophores just posterior to the cleithra, along the sides of the gut, and on the
ventral midline of the tail.

I arvae smaller than ca. 4 mrn SL have no fin anlagen or obvious gas
bladder. Their pigment pattern consists of one to three pairs of melanophores
lying laterally along the gut, a pair on the hindgut above the anus, and a series
along the ventral midline of the tail.

The caudal fin anlage usually begins forming and the notochord begins to
flex at ca. 4.5 mm SL; the caudal fin is usually fully formed with 19 rays by ca. 5
mm SL. Dorsal and anal fin anlagen appear as the notochord becomes ful!y flexed
 Figure 38!. Probably as a result of more than one species being included, the
sizes at which anlagen appear are variable: some 4.6 mrn Sl specimens already

have dorsal and anal anlagen plus the caudal fin, while 4.7 mm SL specimens have
only the caudal anlage with a straight notochord.

The larval pigment pattern, beginning from ca. 4.5 mm SL  Figures 38 and
39!, consist of a V-shaped melanophore on the gut just posterior to the cleithra,
one to four pairs lying laterally along the gut, and a pair on the hindgut just above
the anus. A series of 14 to 18 melanophores lies along the ventral midline
posterior to the anus.

H. proximum larvae in samples taken during this study are predominantly
in the ca. 3 to 5 mm SL size ran~. They are moderately slender and elongate,
with a narrow eye subtended by a semielliptical mass of choroid tissue, a gut
extending approximately one-half the length of the body, a sac-like finfold, and
pigment near the symphysis of the cleithra, along the gut, and on the hypaxial
myosepta posterior to the anus.



Figure 39. Oiaphus sp., 4.6 mm SL, ventral view 33

Larvae of ca. 3 mm SL have very narrow eyes and no fin anlagen. Pigmenta-
tion is restricted to large, V-shaped rnelanophores originating just anterior to the
cleithra, a pair of melanophores on the hindgut just above the anus, and two
rnelanophores on the hypaxial myosepta. The latter two are separated by one
myomere and usually lie between myomeres 19 and 24. Lateral pigment along the
gut is lacking,

The caudal fin anlage develops at ca. 4 rnm SL, and by ca. 5 mm SL four
incipient caudal fin rays may be discerned, although the notochord remains
straight. Dorsal and anal fin anlagen are absent. The eye widens as development
proceeds, so that by ca. 4 mm SL it is only moderately narrow  Figure 40!.
Setween ca. 4 and 5 mrn SL the pigment pattern consists of the cleithral "V"
opening caudad along the gut from an origin on the isthmus just anterior to
the cleithra, one or two pairs of melanophores lying laterally along the gut  more
often one pair!, a pair on the hindgut, just above the anus, and one to five
melanophores on the hypaxial myosepta in the region between myomeres 19 and
25. The latter group outlines adjacent myosepta when more than one
melanophore is present  Figure 40!.

Dorsal and anal fins begin developing and the notochord begins to flex by
ca. 6 mm SL. Myoseptal and gut pigments decrease as larval development
proceeds.

Larnpadena sp.

The myomere formula is 15 + 22 for ca. 5 mm SL larvae, 17 + 20 for ca.
5.5 mm SL larvae, and 19+ 18 for ca. 6 mm SL larvae,

Most of the Lampadena sp. larvae sampled during this study were between
ca, 4.5 and 6.5 mrn SL  Figures 41 and 42!. It was found that they have round
eyes, are somewhat deeper-bodied than the preceding genera, have a gut extending
approximately one-half or a little less than one-half the length of the body
 shorter in smaller larvae!, have double rows of melanophores along the dorsal and
ventral midlines, and have pigment on only the posterior half of the gut,

The smallest larvae have a caudal fin anlage, but the notochord is straight
and the dorsal and anal fin anlagen are lacking, Caudal fin rays are not visible



Figure 40. Hygophvm proximum, 4.5 mm SL
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Figure 41. Lampadena luminasa, 4.8 mm SL



Figure 42. Lampadena luminosa, 4.8 mm SL, dorsal view
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I ampanyctus nobilis

 Figure 41!. A double raw of melanophores  usually one pair per myomere! lies
along the dorsal midline, beginning just behind the pectoral fin and extending
caudad to the level of the caudal anlage. The last two or three melanophores lie in
a single row  Figure 42!. A second double row extends along the ventral midline
from the first or second pomona  myomere  usually one pair per myomere! to the
caudal fin anlage. The last two or three melanophores usually lie in a single row.
One to four pairs of melanophores overlie the posterior half of the gut, but none
lies on the hindgut immediately above the anus  Figure 41!.

By ca. 5.5 mm SL the notochord is slightly flexed and eight caudal fin rays
are discernible, pectoral fin rays are developing, dorsal and anal fin anlagen are
present, and the body depth is increasing. The pigment pattern is similar ta that
of smaller larvae, except that the anterior one to five rnelanophore pairs on the
dorsal midline have disappeared. At ca. 6.5 mm SL the caudal rays number 12,
and up to eight more melanophore pairs have been lost from the dorsal midline.

The myarnere formula is 7 + 29-30 for larvae smaller than ca. 4 mm SL,
9 + 27 � 28 for larvae ca. 4.5 mm SI, 12 + 24 � 25 by ca, 5.5 mm SL, and 16 +
20 � 21 at ca. 7.5 rnm SL.

The L. nobl1is larvae sampled were, for the most part, ca. 3 to 7.5 rnmSL.
It was found that they have nearly round eyes, are deep-bodied with large heads
and somewhat elongate jaws, have very short guts  smaller size larvae! and have
internal melanophares on the fore-, rnid-, and hindbrain, on the gas bladder,
along the cleithra, and externally at the tip of the lower jaw and on the gular
membrane.

The smallest larvae lack fin anlagen, but otherwise have the characteristic
L. nobilis features. Their pigment consists of an internal melanophore on the
anterior center of the forebrain, another on the anterior center of the midbrain,
and a third at the junction of the mid- and hindbrain. The third melanophore,
typically a pair with one on each side of the anterior hindbrain  E.H. Ahlstrom,
1974: personal communication!, was always single in all of the specimens col-
lected during this study. A single melanophore lies at the tip of the lower
jaw and another on the central gular membrane. The upper surface of the
gas bladder is pigmented. The cleithral pigment is V-shaped and open caudad
 Figure 43!.

At ca. 3.5 mm SL the caudal anlage is present  Figure 43!. By ca. 5.5 rnm
SL the notochord has begun ta flex, eight caudal rays are discernible, dorsal and
anal anlagen are developing, and two small spines can be seen at the angle of the
preopercle. The pigment pattern does not change between ca. 3 and 5.5 mrn Sl,
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Figure 43. Lampanyctus nobi!Is, 3.6 mm S L

Identification

except that by 5.5 mm SL a row of three melanophores lies along the longitudinal
axis of the gular membrane.

By ca. 7,5 mm SL the dorsal and anal fins are nearly formed  D: 13; A:
16!, and pelvic buds are present. The jaws remain fairly elongate. The pigment
changes only by the addition of another melanophore to the gular membrane
series.

Ceratascapelus warmingi larvae are most likely to be confused with
Solinichthys sp. larvae. These species can be distinguished by the rnelanophores at
the mid- and hindbrain junction, which is normally present in larger � mm!
Bolinichthys sp. and absent in C. warmingi. Another melanophore found ventrally
on the hindbrain-although sometimes difficult to see � is present in Bolinichthys
sp. and absent in C. warmingi. The pigment above the anus is typically a single
melanophore in Bolinichthys sp. and a pair of melanophores in C. warmingi.
Bolinichthys sp. larvae are somewhat deeper-bodied and have more rounded eyes
than C. warmingi larvae.

Small Diaphus spp. larvae may also resemble C. warmingi larvae; however,
these can be differentiated by the melanophores which lie laterally along the gut
of Diaphus spp.  Figure 39! and which are absent in C. warmingi.

The Oiaphus spp. larvae described above belong to the sub-genus Diaphus;
other species were rarely encountered during this study. See Moser and Ahlstrom
�974! for more discussion on Myctophidae.

Hygophum proximum larvae resemble Diogenichthys atlanticus and
Benthosema spp. larvae, except that the latter two do not have the myoseptal
pigment characteristic of H. proximum. Both D. atianticus and Benthosema spp.
have melanophores along the ventral midline posterior to the anus; H. proximum
lacks these. O. atlanticus lacks choroid tissue below the eye, which the others
have, and Benthosema spp. have somewhat more rounded eyes than either
H. proximum or O. atlanticus. The choroid tissue mass below the Benthosema
spp, eye is much more rounded than that of H. proximum.

These genera are described and further diagnostic characteristics are cited in
Moser and Ahlstrom �970!.
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Hygophum reinhardti resembles H. proximum, but it is usually more
heavily pigmented. lt is also more slender and has narrower eyes on short stalks.

Lampadena urophaos  the most cornrnon Lampadena species! resembles
Lampadena sp., but can be easily distinguished by its pigment pattern. the dorsal
and ventral midline pigments consist of single large melanophores, usually one on
each midline, paired at about the midpoint between the anus and peduncle in
larvae smaller than ca. 6 mm SL. These middorsal and midventral melanophores
increase in number with increasing larval size. A single melanophore overlies the
midpoint of the gut, and another! les on the hindgut just above the anus.

Taaningichthys minimus is similar to Lampadena  Moser and Ahlstrom,
1972!, although it resembles L. urophaos more closely than Lampadena sp.
T. minimus larvae are more slender than Lampadena larvae, have an internal series
of melanophores overlying the notochord and an external melanophore overlying
the hindbrain which the Lampadena larvae lack, and have only one middorsal and
one midventral melanophore each, both of which lie opposite one another just
anterior to the peduncle.

Lampanyctus nobiiis resembles scrombrid, scombrolabracid, and some
gempylld larvae, but can be easily distinguished by its convoluted gut  lacking in
the others! and its very small preopercular spines  large in the others!. The L.
nobi  is pigment pattern is another distinguishing characteristic,

The various Lampanyctus species are more difficult to distinguish. L. noblyis
and L. niger, for example, resemble one another quite closely. They differ in head
pigment: L. niger lacks the melanophore between the mid- and hindbrain and
usually has a pair on the anterior midbrain  one at the center of each hemisphere!.
Larger L. niger larvae may have pigmentation on the pectoral base and fin,
whereas L. nobilis does not. The gular membrane pigment is usually absent in L.
niger. Unfortunately, at least six species of Lampanyctus occur in Hawaii, two of
which closely resemble L. nobilis as adults  Clarke, 1973!. Since the larvae of all
six species have not been identified in practice, it is difficult to tell them apart.

Lampanyctus sp. 1 larvae are easier to distinguish. They are deeper-bodied
and have much blunter snouts than the other species. They have 34 myomeres.
Lampanyctus sp. I larvae develop quickly: a 3.8-mm SL specimen has dorsal,
anal, and caudal anlagen, while a 5,3-mrn SL specimen has its complete fin com-
plement  D: 12 � 14; A: 16 � 19; P: 13 � 15!. The underside of the pectoral fin base
is pigmented, as are the central pectoral fin rays. A series af four melanophores
overlies the gut, and single melanophores lie below the gut just posterior to the
cleithra and below the hindgut just anterior to the anus. Single melanophores may
lie at the tips of the upper and lower jaws.

fn addition to the three Lampanyctus species mentioned above, two
unidentified kinds are not uncommon. One is characterized by having elongate
jaws, 32 to 34 myorneres, a typical L. niger-type brain pigment pattern, a single
melanophore at the tip of the upper jaw, and extremely large pectoral fins. The
second is typified by being deep-bodied, and having 35 to 36 myomeres and very
elongate jaws. The head pigment is distinctive: ca. 3.5 to 4 mm SL larvae have a
single internal melanophore at the anterior center of the forebrain, one at the
anterior center and another at the posterior center of each midbrain hemisphere,
and one or two anteriorly on the hindbrain. An internal melanophore lies just
posterior to the side of each eye at about the level of rnideye, and an external
melanophore overlies the posterior central midbrain. Single melanophores may lie
at the tips of the upper and lower jaws. The dorsal surface of the gas bladder is
pigrnented. An internal pair of melanophores lies on the foregut and a single
embedded melanophore overlies the hindgut. A single melanophore may lie on the
underside of each pectoral fin base, another may lie in the finfold below the
hindgut, and one may lie under each operculum.

Clarke �973!, Moser and Ahlstrom �970, 1972, 1974!, 37
Pertseva-Ostroumova �974!



EXOCOET DAE  Malolo!

Exocoetids are common in Hawaiian waters. However, their larval tax-
onomy is poorly known and most can be tentatively identified only to the generic
level at best.

Characteristics common to larvae of this family include a moderately high
myomere count  between 35 and 52!; well-developed fins, often at even the
smallest sizes; a principal caudal ray count of 7 + 8 at all sizes; a moderately short,
deep body  except for Oxyporhamphus which is usually long and slender!; a short
snout  except for Oxyporhamphus which has elongate jaws, with the lower one
being the more elongate of the two!; a gut extending one-half the length of the
body or more; and pelvic fins originating far caudad, slightly ahead of the anus.
They are often heavily pigmented, although this is quite variable according to
species,

Exocoetid eggs are spherical, and they either are planktonic or attach them-
selves to a floating substrate by long filaments. A review of the earlier literature
on these eggs is found in Breder, Jr., and Rosen �966!.

The following two Cypse/urus spp. illustrate typical features of exocoetid
larvae, as well as the extremes of pigmentation likely to be encountered.

Cypselurus sp. 1

Adult menstics

0: 13 � 14; A: 8 � 9; P: 13 � 14; V: 6; C: 15; rnyomeres: 45

Larvae

Cypse/Urus sp. 1 larvae of ca. 3.5 mm SL  Figure 44! are moderately
deep-bodied, with large eyes and short snouts. They have no remaining yolk at
this size. The caudal fin is rounded, the anal fin is completely formed, and the
dorsal and pelvic fins are nearly fully formed. About one-half the adult
cornplernent of pectoral rays is discernible. The entire body is heavily pigmented,
except for the branchial region and peduncle which are only lightly pigmented
 Figure 44!.

Figure 44. Cypse/urus sp. 1, 3.6 mm SL
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Cypselurus sp. 2

Adult meristics

Yolk sac larvae
Identification
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I.O

Figure 45. Cypselurus sp. 2, 3.4 mrn SL.  Note yolk overlying gut anteriorly.!

By ca. 4.5 mm SL the fin ray complement is completely formed, the pelvic
fin rays have nearly extended to the anus, and the branchial region has become
'more heavily pigrnented. The peduncle remains lightly pigmented.

D: 14; A: 11; P: 11; V: 6; C: 15; myomeres: 22+ 18 � 19

Cypselurus sp. 2 larvae of ca. 3.4 mm SL  Figure 45! are more slender than
Cypse/urus sp. 1 larvae and have large eyes, a short snout, and an appreciable
amount of yolk remaining. The typical rounded caudal fin is formed, but the
dorsal and anal fin rays are unossified. The pelvic fin is nearly completely formed,
and perhaps one-half  i.e., seven! of the adult complement of pectoral fin rays is
discernible. One to a few external melanophores overlie the midbrain region;
others are scattered dorsally and laterally over the gut. Internal melanophores
sometimes Iie along the distal edge of the peduncle. Trunk pigment is confined to
double rows of melanophores along the dorsal and ventral midlines, with the

dorsal pigment usually originating at about myomere six or seven, and both
usually extending caudad onto the peduncle  Figure 45!.

The characteristics of the largest larvae sampled during the study,  ca. 4
mm SL! had changed little from the yolk sac stage. Dorsal, anal, and pelvic fin
rays are ossified, but the pectoral fin is still incomplete. The pelvic fin rays extend
nearly to the level of the anus. A few more melanophores are present near the
symphysis of the cleithra.

In addition to the Cypselurus spp. above, larvae of two other Cypselurus
spp. and Parexocoetus brachypterus can be recognized at present. Of these,
P. brachyprerus is the more common.

P. brachypterus is moderately slender, with a short snout and large eyes,
and has a gut extending about two-thirds the length of the body. Fin ray counts
are: D: 13; A: 13 � 14; P: 13. These are completely formed by ca. 3.5 mm SL.
Larvae of this size are heavily pigmented dorsally  except for the entire dorsal



ATHE R I NIDAE

Pranesus insularum  iao!

Adult meristics

Eggs

Yolk sac larvae

Larvae

Literature

midline which lacks pigment! and laterally on the preanal myomeres. Postanal
pigmentation is heavy dorsally and ventrally, with a series of metanophores along
the midlateral line and a few others along the myosepta. The peduncle is usually
unpigmented. The gut is heavily pigmented dorsally and anteriorly in the cleithral
area, The head is heavily pigmented except for the lower jaw, gular membrane,
and branchial region.

By ca. 7 mm SL the pectoral fin rays have lengthened only to the level of
the pelvic origin, and the pelvic fin rays extend to the level of the anus. The
caudal fin is typically exocoetid. The body is uniformly heavily pigmented,
except for the lower jaw, gular membrane, and branchial region which are lightly
pigmented, and the peduncle which remains unpigmented.

Cypsefurus spp. 3 and 4 resemble Cypselurvs sp. 2, except that the first two
have a middorsal melanophore series. Cypselvrus sp. 4 lacks the ventral postanal
pigment, but has a few myoseptal melanophores anteriorly. Fin ray counts for
Cypselurvs sp. 3 are: D: 4, A: 11 � 12. Fin ray counts for Cypselvrvs sp. 4 are:
D: 15; A: 10. The pectoral and pelvic fins were not fully formed in specimens
sampled during this study, even though the larger Cypsefvrvs sp. 3 had very long
pelvic and pectoral fins.

40

Exocoetid larvae resemble belonid, hemirhamphid, scomberesocid, and
mugilid larvae. However, belonids, hernirhamphids, and scomberesocids are more
elongate than most exocoetids  Oxyporhamphvs is the exception! and have more
myomeres  usually 35 to 50 in exocoetids and more than 50 in the others!.
Mugilids are easi y distinguished by their lower �4! myomere counts and by the
position of their fins, when present. Mugilids have no fin rays at sizes below ca. 5
mm SL.

Breder, Jr., and Rosen �966!, D'Ancona �931!, Hubbs and Kampa
�946!, Uchida et al. �958!

D: Vl + I, 11 � 12; A: I, 17; P: 14 � 15; V: I, 5; C: 17; vertebrae: 42 � 43

P. insufarum eggs are spherical and attached to a substrate by long tendrils
covering the chorion. Nearly ripe ovarian eggs are 1.05 to 1.42 mm in diameter,
with many small oil droplets  Chase, 1969!.

Throughout their larval life, P. I'nsvjarum are long and slender, with a very
short coiled gut, a rnyomere formula of 5+ 37-38, and a characteristic row of
three large external melanophores overlying the mid- and hindbrain region
 Figures 46 and 47!. Larvae are relatively well-developed at hatching  ca. 4 mrn
SL!, with pigmented eyes, functional jaws, caudal fin anlage, and all characteristic
features. Also, a small amount of yolk is present and internal melanophores overlie
the gut dorsally.

Morphological changes between hatching and ca. 5.5 mrn SL  Figure 46!
are small: dorsal and anal fin anlagen appear; the pectoral fins remain quite small;
and three branchiostegal rays are discernible. The notochord remains straight.

Pigmentation changes more extensively: the typical head pigment is
supplemented by an internal rnelanophore at the center of the operculum and
another at the bottom of the otic capsule. The gut becomes heavily pigmented
dorsally and dorsolaterally, and a melanophore lies ventrally on the hindgut near
the anus, One to four melanophores lie on the dorsal midline, the first at
myomere four or five and others extending no further caudad than the origin of
the dorsal fin anlage. The dorsal midline of the peduncle is pigmented. One to
four melanophores lie on the midlateral line between the dorsal fin origin and the
peduncle  Figure 46!.

By ca. 9 rnm SL the caudal fin is fully developed and the anal and second
dorsal fins are nearly completely formed although the first dorsal fin, pelvic fins,
and pectoral rays have not begun forming yet. Branchiostegal rays number five.
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Figure 46. Pranesus insularum, 5.4 mm S L

An additional melanophore appears under the operculum and in the otic capsule.
The gut is completely pigmented, except for a small ventral area in some
specimens. Two or more melanophores lie along the dorsal midline and one or
more lie along the midlateral line between the origin of the second dorsal and the
peduncle. Three melanophores are embedded over the notochord just anterior to
the peduncle.

At ca. 10.5 mm SL the anal and second dorsal fins are fully developed and
four pectoral rays are discernible, but the pelvic fins and the first dorsal fin are
absent. The number of midlateral rnelanophores increases, but the series remains
bounded anteriorly by the origin of the second dorsal and posteriorly by the
peduncle. The internal series overlying the notochord has expanded to include the
entire notochord. A pair of internal rnelanophores underlies the urostyle.

The pelvic fins and first dorsal fin are formed at ca. 14.5 mm SL. The pelvic
fins are located anteriorly, originating at myomere nine. The first and second
dorsal fins are separated by about six myomeres. The gut is beginning to elongate,
giving a myomere formula of 8+ 35.

The head pigment includes the characteristic three melanophores;
rnelanophores on the lower jaw, at the nostrils, and under the entire operculum; a
pair internally over the forebrain; and others surrounding the hindbrain. The gut
is entirely pigmented. The midlateral series extends caudad from the level of the
origin of the first dorsal fin. A pair of elongate melanophores lies along the distal
edge of the peduncle.
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Figure 47. Pranesus insu/arum, 5.4 mm SL, dorsal view of head

iso hawaiiensis Larvae

Adult meristics

Eggs

D: IV � V + 1, 16; A: l, 22-24; P: 12 � 13; V: l, 5; C: 17;vertebrae: 35 � 38

I. hawaiiensI's eggs have not been described in the literature. They probably
resemble those of P. insujarum.

I. hawaiiensis is elongate, but has a deeper body than P. insularum, with a
short, coiled gut. The myomere formula throughout most of the iarval life is 5+
30 � 33  Figure 48!, The snout is very short and the mouth quite oblique. The
characteristic head pigment consists of a single expanded melanophore overlying
the midbrain region and one or two much smaller ones above the hindbrain
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Figure 48. Iso hawaiiensis,6,2 mm SL
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Figure 49. /so hawaiiensis, 6.9 mm SL, dorsal view of head
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Kyphosus vaigiensis  nenue!
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Eggs
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2.0 mm1.0

Figure 50. Kyphosus vaigiensis, 3.0 mm S L.  Note oil droplet just below level of pectoral base.!

D: XI,14; A: III, 12 � 13; P: 18 � 20; V: I, 5; C: 17;vertebrae: 26

K. vaigiensis eggs are planktonic, spherical, 1.0 to 1.1 mrn in diameter, with
a single 0.25-mm oil droplet. They are illustrated as K. cinerascens in Watson and
Leis �974!.

K, vaigiensis larvae lack outstanding features. They have small preopercular
spines at sizes larger than ca. 4 mrn SL and a myomere formula of 10+ 16 at all
sizes. Single rows of expanded rnelanophores lying along the dorsal and ventral
midlines are retained throughout most of the larval period.

A reared 3-mm SL larva  actually a yolk sac larva since it retains the oil
droplet! has typical characteristics  Figure 50!. It has pigmented eyes and
functional jaws. The gas bladder is present anteriorly, but is usually difficult to
see in small specimens. Fin anlagen are absent. A small melanophore lies at the tip
of the snout, another internally at the anterior center of the forebrain, and four
externally in a diamond-shaped pattern over the mid- and hindbrain region. A few
large melanophores extend along the dorsal midline from myomere 1 to myomere
22 or 23. The ventral midline series likewise extends from just behind the anus to
myornere 22 or 23, with a series of much smaller melanophores continuing
caudad onto the peduncle. The posterior two or three rnelanophores in both
midline series are often greatly expanded and may overlap laterally to form a
band around the tail.  In living specimens a band of xanthophores occurs here in
addition to the melanin.! A series of rnelanophores overlies the gut dorsally, the
dorsal surface of the gas bladder is pigmented, and one or two melanophores are
located anteriorly on the oil droplet. A melanophore lies under the cleithrum on
each side, just above the level of the pectoral base.

Pigment changes, with increasing size, include the proliferation of melano-
phores along the dorsal and ventral rnidlines, dorsally and laterally over the gut,
on top of the head, and an the snout and upper jaw. Dorsolateral melanophores
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Mullid sp.
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appear along the body synchronously with, or slightly in advance of, fin aniagen
 ca. 4.5 mm SL!. Larval development is further described in Watson [" Larval
development of the nenue, Kyphosus vaigiensis  Quoy and Gaimard!," in prep-
aration],

Myomere counts and the characteristic dorsal and ventral melanophore
series allow ready identification of Kyphosus larvae. Unfortunately, at least two
species, K. vaigierrsis and K. biggihus, occur in Hawaiian waters. How the larvae
differ is unknown; the identification of K. vaigierrsrs was made possible by rearing
larvae from eggs.

Moore �962!, Uchida et al. �958!, Watson [" Larval development of the
nenue, Kyphosus vaigiensr's  Quoy and Gaimard!," in preparation], Watson
and Leis �974!

D: Vl I + I, 8; A: I, 7; V: I, 5; C: 15; myomeres: 24

Mullid eggs from Hawaiian waters have not been described in the literature.
Marinaro �971! attributed a planktonic, spherical, 0.8 mm diameter egg with a
single oil droplet to Mu//us sp,

Mullid larvae are slender, have a short gut � particularly at smaller sizes, lack
spines on the head, and have a characteristic triangular melanophore pattern on
the head, a series of melanophores embedded over the notochord, and a series
along the lateral and ventral rnidlines.

Larvae of ca. 3.5 mm SI have pigmented eyes, functional jaws, and a
myomere formula of 5 + 19. Pelvic fin buds and dorsal, anal, and caudal fin
anlagen are absent. The typical triangular rnelanophore pattern is present in the
midbrain region: an external metanophore lies over the center of each midbrain
hemisphere and a third lies posteriorly between the hemispheres. A series of 3 to
12  most often 8 to 11! melanophores lies along the postanal ventral midline,
usually extending from myomere 13 to the peduncle. A few internal
melanophores overlie the notochord, and the rnidlateral series is restricted to
three or fewer melanophores on adjacent myomeres, most often between
myomeres 19 and 22. This series may be absent in some specimens. The gut is pig-
mented dorsally.

At ca. 4 mm SL the dorsal and anal fin anlagen begin to develop and by ca.
5 mm SL  Figure 51! the caudal fin anlage is present, eight caudal fin rays are dis-
cernible, and the notochord is beginning to flex. The myomere formula is 6+ 18.
The midventral melanophore series is quite variable, but some pigment is always
present posterior to the origin of the anal anlage. The midlateral series usually
consists of three or four meianophores, with one or two on the middorsal line
above the midlateral series in some specimens. A few more melanophores overlie
the notochord and scattered melanophores extend laterally over the gut. The typi-
cal triangular melanophore pattern in the midbrain region remains  Figure 52!,
The gut becomes further elongated by ca. 6 mm SL: the myomere formula
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2.0 mm

Figure 5'l. Mul lid sp., 5.1 mm S L



I.O R.O mm

Figure 52. Mullid sp., 5.1 mrn SL, dorsal view of head
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Figure 53. Mullid sp�8.2 mm SL
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Mullid larvae are recognized by the short gut, the characteristic head
d rnidlateral pigment, and the rnelanophores overlying

the notochord. Larger specimens may be identified by fin ray coun s as
They are unlikely to be confused with larvae of other families,

Distinction between species within the family has thus far been based on
small differences in pigmentation. No Hawaiian arva as een a r'

cific.ticular species, nor as it eenh b determined that the larval types are monospeci ic.
t e number of larvalThe number of muilid species in Hawaiian waters far exceeds the num er o

types recognized during this study.

Caldwell, M.C. �962!, Marinaro �971!, Montalenti �937!, Uchida et al.
�958!
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2.0 mm

Figure 54. Mullid sp., 8.2 mm S L, dorsal view of head
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Serranid Sr-5  Anthiinae!
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Eggs

I.O P.,O mm

Figure 55. Serranid Sr-5, 2.7 mm Sl

The following fin ray counts are for a 5-mm SL specimen. All fins are
incomplete.

D: X, 16  or XI, 15!; A: 11 elements  probably III, 8!; V: I, 5; C:
notochord just beginning to flex; rnyorneres: 24-25

Serranid eggs from Hawaiian waters have not been described in the
literature. Spherical pelagic eggs with a single oil droplet have been reported for

some genera in other localities  Kendall, 1972; Ukawa et al., 1966!; these genera
are not represented in Hawaii.

Sr-5 larvae of ca. 2.5 mm SL  Figure 55! are moderately deep-bodied and
nearly enclosed in a dermal sac. The gas bladder is conspicuous. The gut extends
nearly one-half the length of the body, giving a rnyomere formula of 10+ 15.
Caudal and anal fin anlagen are absent, but pelvic fin buds and the anlage of the
spiny dorsal fin are present. A single spine is present at the angle of the
preopercle, The dorsal surface of the gas bladder is pigmented, melanophores lie
dorsally over the central gut region, and a single melanophore Iles dorsally on the
hindgut just above the anus. A single row of melanophores extends along the
dorsal midline between myomere 8 or 9 and myomere 12 or 13. Melanophores
lie on the midlateral line from the level of the center of the middorsal series to
myomere 18 or 19. Two or three others lie in the anterior ventral finfold below
the two midline series.



APOGON IDAHO

Foa brachygramma  upapulu!

Adult meristics

Eggs

Yolk sac larvae

Identification
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At ca. 3.5 mm SL the soft dorsal and anal fin anlagen are beginning to
develop, three spines are present along the preopercle, and a single dorsal spine
and large spine at each pelvic base are present. The caudal fin anlage is absent. The
entire dorsal surface of the gut is pigrnented, and the ventral melanophores now
Iie along the postanal midline near the terminus of the anal fin anlage.

At 4.3 mm SL four dorsal spines are present; the second of these is quite
long. The caudal fin anlage is present although the notochord remains straight.
Incipient dorsal, anal, pelvic, and caudal fin rays are discernible. Small teeth are
visible in the upper jaw. The pigmentation is similar to that of smaller larvae,
except that melanophores now lie along the developing pelvic fin rays, the mid-
lateral and midventral melanophore series lie more caudad � at about the level of
the posterior one-third of the anal fin, and the middorsal series is absent. An
internal melanophore may overlie the notochord anteriorly.

Young larvae of some anthiine serranids  less than ca. 3.5 mm SL! resemble
some small scorpaenids. The serranids differ by having a conspicuous preopercular

52 spine which is not present in early scorpaenids. The serranids also have pelvic buds
and the spiny dorsal fin anlage very early, while in the scorpaenids, the soft dorsal
anlage develops first and at a larger size.

Lutjanid larvae closely resemble serranid larvae, but may be distinguished
at larger sizes by fin ray counts  usually 9 to 11 soft dorsal fin rays in Hawaiian
lutjanids vs. 13 to 21 in serranids!. It may also be possible to distinguish between
them by determining whether the posterior maxillary slips under the preorbital
 Lutjanidae! or not  Serranidae!. Smaller Iutjanid larvae may be distinguished
from at least Sr-5 by their lack of a dermal sac or sac-like finfold.

In Hawaii the family Serranidae is represented primarily by members of the
Anthiinae. Larvae of other serranid subfamilies  e.g., Epinephelinae! differ
substantially from the anthiines, and other literature sources  e.g., Aboussouan,
1972! should be consulted when attempting to identify them.

Aboussouan �972!, Bertolini �933b!, Fourmanoir �971a!, Kendail
�972!, Presley �970!, Ukawa et al. �966!

D: Vll + I, 9; A: Il, 7 � 8; P: 11 � 12; V: I, 5; C: 15; vertebrae: 24

I=. brachygramma egg masses are orally brooded by the male. According to
Breder, Jr., and Rosen �966!, this form of incubation appears to be characteristic
of the family.

F. brachygramma larvae are a little iess than 2.5 mm SL at hatching. They
have pigrnented eyes, functional jaws, and a small amount of yolk. They are
rather slender and round-headed, but soon become deeper-bodied and less round-
headed. Two or three expanded melanophores lie along the postanal ventral mid-
line, a melanophore is located on the "yolk sac," and a pair of melanophores is
situated on the hindgut above and below the anus. The pectoral fin is heavily
pigmented along its distal margin.

There is little change between day 4 larvae of ca. 2,5 mm SL  Figures 56
and 57! and the yolk sac stage larvae. Day 4 larvae remain slender, but their jaws
are more elongate and the gas bladder is quite conspicuous. The rnyomere formula
is 7 + 17. Fin anlagen are absent. A series of smail melanophores lie midventrally
on the peduncle. A single melanophore occurs on each side at the articular, and
the pectoral pigment extends over the distal half of the pectoral fin  Figure 56!.
The gut and midventral meianophores are quite expanded  Figure 57!.

By day 12, larvae of ca. 4.5 mm SL  Figure 58! are moderately deep-bodied
and have pelvic fin buds and dorsal, anal, and caudal fin anlagen. The pectoral fins
are moderately large, with eight to ten ossified rays. The spiny and soft dorsal fin
anlagen are separate. Incipient dorsal and anal soft rays are discernible. Six
incipient caudal fin rays are present, although the notochord remains straight.
Three small spines can be seen at the preopercle. The myomere formula is 8+ 16.
The rnidventral pigment has expanded into a series of internal melanophores,
extending the length of the postanal midline. Pigment is retained on the articular,
on the gas bladder, on the hindgut, and midventrally on the gut at the leve! of the
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Figure 56. Foa brachyrIramma, day 4, 2,4 mm SL

2.0 mmI.O

Figure 57. Foa brachygramma, day 4, 2.4 rnrn SL, ventral view

pelvic fin origin. A melanophore appears at the symphysis of the cleithra. An
internal melanophore may overlie the notochord just behind the hindbrain. The
distal one-third to one-half of the pectoral fin is heavily pigmented between the
rays  Figure 58I.

By ca. 9 mm SL the body is a little deeper and all fins are completely
formed. Two preopercular spines are visible. The gut is fully elongate, giving a
myomere formula of 10+ 14. The pigment remains essentially unchanged, except
that the midventral series is reduced to one or two melanophores lying posterior
to the anal fin.
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Figure 58. Foa brachygramma, day 12, 4.2 mm S L

identification
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Apogonid larvae are recognized by myomere counts and by the presence,
in most cases, of pigment on the ventral side of the gut, along the postanal mid-
ventral line, and along the distal margin of the pectoral fin. At larger sizes fin ray
counts are helpful for identification. The gas bladder is usually quite prominent.

F. brachygramma is a typical apogonid with respect to the characteristics
given above. However, small larvae are at times confused with small gobiids and
pomacentrids, Both gobiids and pomacentrids usually have one or two more
rnyomeres than apogonids, however. Gobiids may also have slightly longer guts
than apogonids and are usually a little more slender, while pomacentrids are
deeper-bodied with shorter guts. The gas bladder is usually smaller and located
more anteriorly  if visible at all! in pomacentrids. Pomacentrids are typically
heavily pigmented in the gut region and, to a lesser extent, on the head, but lack
the pigmented pectoral fins and usually the midventral abdominal pigment of

apogonids. Most gobiids likewise lack the abdominal pigment of apogonids, and
all gobiids lack the pectoral pigment. At larger sizes, the three families can be dis-
tinguished from each other by body proportions and fin ray counts,

Small apogonid larvae are difficult to distinguish from one another:
identifying characteristics are usually limited to minor pigmentation differences.
Among the small larvae only F. brachygramma can be attributed to a particular
species at present. When fin rays are developed, identification is somewhat
simpler.

Bertolini �933a!, Breder, Jr., and Rosen �966!, de Gaetani �937!, Fahay
�975!
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Caranx  =Atule! mate  omaka!
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Figure 60. Caranx I=Atule! mate, day 12, 4.0 mm SL.  From Miller and Sumida, 3974!



I.O 2.0 mm

F igure 61. Caranx  =Atufe! mate, day 18, 7.7 mm SL.  F rom MHIer and Sumida, 1974!
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Gnathanodon speciosus  pa'opa'o!

Adult meristics

Eggs

Larvae

2.0 mmI.O

D: Vll + l, 18 � 21; A: II + l, 15 � 17; P: i, 19 � 22; V: l, 5; C: 17;
vertebrae: 24

G. speciosus eggs are planktonic, spherical, and 0.80 to 0.90 mm in
diameter, with a single yellowish oil droplet �.23 to 0.30 mm in diameter! and a
weakly segmented yolk. They are described further in Miller [" Development of
eggs and larvae of Gnathanodon speciosus  Carangidae!," in preparation]; diel
and seasonal abundance are discussed in Watson and Leis �974!,

Only illustrations of G. speciosus larvae are included here  Figures 62 and
63!; development is described in detail in Miller [" Development of eggs and tarvae
of Gnathanodon speciosus  Carangidae!," in preparation]. Figure 62. Gnathanodon speci osus, day 10, 4.0 mm S L



« I.O
Figure 63. Gnathanodon speciosus, day 38, 14.4 rnm SL



Seriola sp.  kahala! Larvae

Adult meristics

Eggs
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R,O mt'I.O

Figure 64. Serio/a sp., 5.8 mm SL

D: Vll + I, 30 � 36; A: II + I, 19 � 21; P: i, 19 � 21; V: I, 5; C: 17;
vertebrae: 24

Seriola sp. eggs from Hawaiian waters have not been described in the liter-
ature. Artificially fertilized eggs from Seriola quinqueradiata which are buoyant
and spherical and with a single oil droplet are described in Uchida et al.  ]958!.

Serio/a sp. larvae are moderately deep-bodied and large-headed; have
pterotic, supraocuiar, and large preopercular spines; have the crest very reduced or
absent; are heavily pigrnented dorsally with fewer melanophores laterally and ven-
traliy; and have a high soft dorsal fin ray count.

A 5.8-mm SL larva  Figure 64! has all of the characteristic features plus all
unpaired fin anlagen, pelvic fins, and developing pectoral fin rays. Incipient pelvic
fin rays and eight ossified caudal fin rays are visible, but the notochord remains
straight. Two rows of preopercular spines are present: a lower row of four long
spines and an upper row of three small spines. The spine at the angle of the lower



row is longest, as is typical of carangids. Two small pterotic spines are present, but
are often difficult to see. The crest and the supraorbital spines are very small.

high dorsal soft fin ray counts, and have characteristic middorsal, midlateral, and
midventral pigment bands at about the level of the anal fin.

60

Adult meristics

Eggs

Larvae

The head is heavily pigmented over the midbrain region and at the tips of
the upper and lower jaws. A row of melanophores lies along the midline of the
gular membrane. The opercular membrane is pigmented in the region of the lower
two branchiostegals. One or two melanophores lie near the upper end of the
preopercle. Internal rnelanophores lie along the junction of the mid- and
hindbrain. The dorsal and dorsolateral portions of the body are heavily pigmented
from the level of the otic capsule to near the terminus of the dorsal fin anlage. A
series of small melanophores lies along the dorsal midline of the peduncle.
Melanophores are scattered laterally on the body, primarily along the myosepta
between the anus and the terminus of the dorsal fin anlage. A series of midlateral
melanophores extends nearly the length of the anal fin anlage. Ventral pigment
consists of paired melanophores lying along the anal fin anlage. A few melano-
phores lie along the peduncle. The gut is covered dorsally and dorsolaterally with
scattered melanophores, an internal one lies anterioventrally on the midgut, and
two or three external metanophores lie below the midgut. The gas bladder is pig-
mented dorsa I ly.

Larger larvae differ by being more heavily pigmented ventrally and
and by having developing fin rays.

Trachurops  =Selar! crumenophthalmus  akule!

0: Vill + I, 24 � 26; A: II + I, 20-22; P: i, 21 � 22; V: I, 5; C: 17;
vertebrae: 24

T. crumenophthalmus eggs have not been recognized in Hawaiian waters.
Delsman �926a! attributed a planktonic, spherical, 0.78 rnm diameter egg with a
single yellowish oil droplet to Caranx  =Trachurops! cr umenophthalmus.

7. ctumenophthalmus larvae are moderately deep-bodied, have a serrated
dorsal crest � particularly in the 3 to 8 mm SL size range, have many preopercular
spines, have pterotic and supraocuolar spines at the larger sizes, have relatively

At ca. 3.5 mm SL  Figure 65!, T. crumenophthajmus larvae have pelvic fin
buds and soft dorsal, anal, and caudal fin anlagen. Eight incipient caudal fin rays
are discernible, but all other fin rays are absent. The notochord is straight. The
gut extends nearly one-half the length of the body, giving a myomere formula of
10+ 14. The preopercular spines are in two rows of six each: the upper spines are
short and the lower ones long, especially the spine at the angle of the preopercle.
The dorsal crest is distinct. Supraocular and pterotic spines are absent. A few
external rnelanophores are scattered over the head in the midbrain region, the tips
of the upper and lower jaws are pigmented, and internal melanophores lie on the
posterior forebrain and midbrain. The articular is pigmented in some specimens.
The gas bladder and the entire gut are pigmented dorsally. A few small
melanaphores are scattered over the caudal fin anlage, and a series of small
melanophores lies along the ventral midline just anterior to the peduncle. A row
of melanophores lies on either side of the dorsal midline along the dorsal fin
anlage, and similar rows lie along the anal fin anlage. One or more melanophores
usually lie along the midlateral line between the middorsal and midventral series
 Figure 65!. This midlateral pigment may be lacking in smaller larvae.

At ca. 4.5 rnm SL the notochord is beginning to flex and incipient dorsal
and anal soft fin rays are discernible. The midline melanophore series extend
caudad, but remain bounded by the limits of the dorsal and anal fins. An internal
series of melanophores may overlie the posterior notochord, although this is
variable.

By ca. 5.5 mm SL the notochord is flexed, 17 ossified caudal fin rays are
present, and the dorsal and anal fin rays are becoming ossified. Pterotic and supra-
ocular spines are absent. The dorsal and ventral midline melanophore series
extend nearly the lengths of their respective fins; the midlateral series extends
caudad from about the midpoint of the anal fin. Myoseptal melanophores outline
the posterior hypomeres included in the midline series. The distal margin of the
peduncle is pigrnented, and internal melanophores underlie the urostyle. The
amount of pigment over the midbrain region and on the upper and lower jaws is
in creased.

At ca. 6.5 rnrn SL the myoseptal pigment extends further anteriorly along
the hypomeres and the peduncle is more heavily pigmented. A series of melano-
phores extends along the ventral margin of the lower jaw.

At ca. 8 mrn SL the pectoral, dorsal, and anal fins are almost completely
formed. The crest and preopercular spines are reduced. The pterotic and
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Figure 65. Trachurops  =Seegar! crumenophthalmus, 3.8 mm S L

Identificationsupraocular spines are small. Additional melanophores include one centrally on
the snout, another near the upper end of the preopercle, one at the symphysis of
the cleithra, and a series ventrally on the gut just above the pelvic fin. Paired mela-
nophores lie at the base of nearly every dorsal element, with similar pairs at the
bases of the soft rays of the anal fin. The midlateral melanophore series is
bounded by the limits of the anal soft fin rays, and the myoseptal pigment is
limited to the hypomeres in this same region  Figure 66!.

Further changes include the full development of all fins and loss of the
crest and reduction of the preopercular spines during metamorphosis.

Carangid larvae are readily recognized by their combination of moderately
deep to deep bodies, 24 rnyorneres  except Scomberoides!, long preopercular
spines  except Caranx mate!, dorsal crests  except C. mate!, and a midline
melanophore series. Confusion with other families should be minimal, except
for the nomeid, Cubiceps pauciradiatus, which superficially resembles
T. crumenophthalmus. These are easily distinguished by myomere counts �1 in
C. pauciradiatus! and by the lack of a dorsal crest or long preopercular spines in
C. pauciradiatus. The pomacanthid, Centropyge, is carangid-like to at least 6 mm
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Figure 66. 7rachurops  =Selar! crumenophthalmus, 8.1 mm SL

Literature

SL, but differs in that its trunk is covered with small dermal spines, The chaeto-
dontid, Chaetodon, is also carangid-like to at least 4 rnm SL, but is easily distin-
guished by its single broad, flat, preopercular spine  Leis and Miller, 1976!.

Within the Carangidae family, distinction of species is often difficult. The
major characteristics are small differences in pigmentation, which vary
ontogenetically.  For metamorphic and later stages, fin ray counts are helpful; see
Table 4,! However, in this case, six genera and eleven unidentified types  mostly
preflexion larvae! are recognizable. Identifiable genera include those described
above plus Decapturus sp. and Scomberoi des lysan.

Decapturus sp. larvae resemble T. crumenophthalmus, but lack lateral pig-
ment  other than the midlateral series! in sizes below ca. 10 mm SL and do not
have myoseptal melanophores at any size. The middorsal series is often discon-
tinuous in smaller larvae  ca. 6 to 7 mrn SL!. A band of melanophores lies on a
line between about the upper pectoral base and mideye, Two internal lateral
bands of rnelanophores lie above and below the external midlateral series pos-
teriorly. The largest specimens have the following fin ray counts: D: Vill + I,
28 � 30+ 1 finlet; A: I I + I, 30+1 finlet.

Scomeroides lysan larvae are distinct among Hawaiian carangid larvae in
having 26 myomeres. They have large crests, very long preopercular spines,
pterotic spines even at small  ca. 4 mm SL! sizes, and are entirely pigmented
 most heavily dorsally and dorsolaterally! except at the peduncle. Large speci-
mens have the following fin ray counts: D: Vl � VI I I + I, 19 � 21; A: I I + I, 17 � 19.

Larval development of Elagatis bipinnulatus is described and illustrated in
Okiyama �970! and Aprieto �974!. Alectis larvae are described and illustrated
as Caranx in Delsman �926b!. The eggs and larvae of Naucrates ductor are
described and illustrated in Sanzo �931a!.

Aprieto �974!, Berry �959!, Delsman �926a, 1926b!, Jordan and
Evermann �903!, Leis and Miller �976!, Miller and Sumida �974!, Munro
�967!, Okiyama �970!, Sanzo �931a!, Shojima �962!, Uchida et al. �958!,
Watson and Leis �974!



COB YPHAENI DAE

Coryphaena hippurus  mahi rnahi!

TABLE 4. FIN RAY COUNTS OF HAWAIIAN CARANGID SPECIES

Species Reference

Vl � Vll + I, 18 � 20
VI + I, 18 � 19
VII � VII I + I, 28 � 31

i,19
i,17
i, 21 � 22

II + I, 15 � 17
II + I, 16
II + l,24 � 26

Adult meristics

I, 21 � 23

Eggs
20 � 21

i,19
i, 17-19
i,19
i, 20 � 21
i, 19 � 20
i, 21-22
22 � 23

Yolk sac larvae

i, 19 � 22
21
'l9
i, 15-17
i, 18 � 21
h 20 � 2'I

63

"'I = counts made by project personnel; 2 = Iylunro �967!; 3= Jordan and Eyermann l1903j; 4 = Mather
�973: personal communication!

Larvae

Afectis ciliaris
A indicus
Carangoi des

gymnostethoi des
C ferdau
C ajax
C equvfa
Caranx cheifo
C he/vo/vs
C ignobfis
C kaffa
C fugubris
C mate
C melampygus
C. sex fasciatus
Oecap terus pi nnula tus
D. maruadsi
Elagatis txpinnulatus
Gna thanodon speci osus
fyfegafaspis cordyla
hlaucrates ductor
Scomberoi des l yean
Seriola spp.
Trach urops

cru men oph th elm us

Vll � Vill + I, 26 � 31
Vll I + I, 19
Vill + I, 23 � 24
VII + I, 24
V I I � V I I I + I, 25-28
VIII + I, 18 � 21
V I I + I, 23 � 24
Vll + I, 20 � 22
Vl II + I, 20 � 23
V I I I + I, 22 � 23
V I I � V I I I + I, 19 � 21
Vill + I, 28 � 35+ 1
V I I I + I, 28 � 33 + 1
Vl + I, 24 � 27 + 2
Vll � Vul + I, 18 � 21
VI I � V I I I + I, 9 � 11 + 7 � 9
IV � Vl + I, 26 � 28
VI � Vll + I, 19 � 21
VII � VIII + I, 27 � 35
V I I I + I, 25 � 26

I I + I, 22 � 26
II + I, 16
II + I, 21 � 22
II + I, 20
II + I, 19 � 21
II+ I, 'l5 � 17
II+ I, 18 20
Ii+ 1,17 � 19
II + I, 17 � 19
II + I, 17 � 20
II + I, 16 � '18
II + I, 27 � 30+ 1
II + I, 26 � 30+ 1
II + I, 15 � 17+ 2
II + I, 16 � 17
II+ I 8 � 10+6 � 8
II + I, 16 � 1l
II + I, 17 � 19
II + I, 19 � 22
II+ l,22

D: 58 � 60; A: 27 � 28; P: 19; V: I, 5; C: 17; vertebrae. 30 � 31

C. hippurus eggs are planktonic, spherical, and 1.6 mm in diameter, with a
single oil droplet �.3 to 0.4 mm in diameter! and segmented yolk  Mito, 1960!.

C. hippurus larvae are rather large at hatching: ca. 4 mm SL. They are
slender, with rounded heads, unpigmented eyes, undeveloped jaws, and a large
yolk sac containing the oil droplet posteriorly. Pectoral fins are present as buds;
all other fins are absent. The finfold has a somewhat sac-like appearance. The gut
extends just beyond the midpoint of the body. Melanophores are more or less uni-
forrnly distributed over the yolk sac, head, and body, except for the peduncle
which is unpigmented.

Larvae of ca. 4.2 rnm SL  Figure 67! have pigmented eyes, functional jaws,
and pectoral fins, but retain part of the oil droplet. At this size the snout has
elongated somewhat and the gut has shortened slightly, giving a myornere formula
of 15 + 16. The head is rather heavily pigmented dorsally, and melanophores lie
along the upper jaw, on the gular membrane, near the articular, and internally in
the ventral mid- and hindbrain region. A series of melanophores extends over the
isthmus and ventral midline of the gut. Others lie dorsally over the gut and
encircle the hindgut. The remainder of the oil droplet is likewise encircled with
rnelanophores. Dorsal, lateral, and ventral midline series of melanophores are
often discernible, although substantial numbers of lateral melanophores are
present, particularly on the tail. The peduncle remains unpigmented tFigure 67!.

The oil droplet is assimilated by ca. 5 mm SL. By ca. 8 mm SL  Figure 68!,
pelvic fin buds and dorsal, anal, and caudal fin anlagen are present. The head is
greatly enlarged, the body is deeper but still slender, and preopercular and the
first of several supraocular spines are present. The preopercular spines are in two
rows of two each. The body is heavily pigmented although the top of the head
and the lateral and ventral sides of the gut may be only tightly pigmented or



Figure 67. Coryphaena hippvrvs, day 7, 4.2 mm S L.  Note oil droplet.!

Figure 68. Coryphaena hippurus, 7.9 mm SL



POMACENTR IDAE

Identification

Abudefduf abdominalis  mao mao!

Adult meristics

Eggs

Literature

Larvae

unpigmented. The caudal fin rays and membranes between the dorsal and anal fin
rays are covered with scattered melanophores. The pectoral fin remains
unpigmented, except on its base. The caudal finfotd is pigrnented dorsally, and
the peduncle is covered with scattered melanophores. The typical juvenile pattern
of vertical bars along the body is just beginning to form.

Larval Echeneidae resemble C. hippurus in being elongate and heavily
pigmented and in having a somewhat sac-like finfold. They are most easily
distinguished from C. hippurus by their more elongate jaws, with large, strongly
recurved teeth in the lower jaw.

C. hippurus larvae are also likely to be confused with Coryphaena equi'setis.
The latter is recognized by its 32 to 34 myomeres and by its being uniformly
pigmented rather than barred in the metamorphic and juvenile stages  Gibbs and
Co I I ette, 1959!.

Aboussouan �969!, Gibbs and Collette �959!, Mito �960!

The pomacentrids are quite common in Hawaiian waters and often welt-
represented in larval fish collections. However, most are identifiable to generic
and specific levels only at the metamorphic or later stages.

Larvae are characterized by their somewhat rounded heads, very short guts,
and 26 myorneres and by usually being rather lightly pigmented except on the
head and gut. Abudefduf abdominalis and Pomacentrusjenkensi are typical poma-
centrids with these characteristics.

D: XIII, 13 � 14; A: II, 13 � 15; P: 17 � 19; V: I, 5; C: 15; vertebrae: 26

A. abdominalI's eggs are demersal, attached to a substrate, and brooded by 65
the male. Eggs and reproductive behavior are described in Helfrich �958!,

A. abdominaiis hatch at ca. 2.5 mm SL  Figure 69! with pigmented eyes,
functional jaws, and little or no yolk, Fin anlagen are absent and the gas bladder is
not visible externally. The myornere formula is 5 + 21. A series of melanophores
lies along the postanal ventral midline. The gut is pigmented dorsally, with a few
widely scattered lateral melanophores and one ventrally at the posterior center of
the gut. A single melanophore lies at the symphysis of the cteithra. A
characteristic series of three expanded rnelanophores overlies the hindbrain region
 Figure 70!. An internal melanophore may lie along the posterior margin of the
otic capsule, but is difficult to see.

Devetopment proceeds quickly; by ca. 4 mm SL  Figure 71! all fins are
present, at least as anlagen, and the pelvic spines, anterior dorsal spines, and
incipient caudal fin rays are present.  The genus Abudefduf is apparently unique
among Hawaiian pomacentrids in that it acquires dorsal spines earlier than soft
dorsal fin rays.! The gut has become slightly longer, giving a myomere formula of
8 + 18. The gas bladder is visible anteriorly. Three small preopercular spines are
present. The head pigment characteristic of smaller larvae is no longer visible. The
mid- and hindbrain are pigmented, and external melanophores ofter overlie the
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1.0

Figure 69. Abudefduf abdominatis, day 1, 2.5 mm S L

1.0

Figure 70. Abudefduf abdominalis, day 1, 2.5 rnrn S L, dorsal view
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68 Figure 72. Eupomacentrus fascioiatus, day 3, 1.9 mm SL

1.0

Figure 73, Eupomacentrus fasciolatus, day 3, 1.9 mm S L, dorsal view

2,0 mm



LAB R I DAETABLE 5. FIN RAY COUNTS OF HAWAIIAN POMACENTRID SPECIES

Species Reference"

Labrid L-3

MeristicsXII, 18 � 19 II, 15 � 18 'I 8 � 20

XI I, 14 � 16
XII, 16 � 18
X II, 19 � 20

II, 11 � 12
II, 13 � 15
II, 15 � 16

18 � 21
20 � 21
20 � 22 Eggs

Note: Some names are changed from the original reference, according to Allen I1975t

'1 = Gosline and Brock �96GI; 2 = Randall and Swerdloff �973I

Identification

LarvaePomacentrid larvae have 26 rnyomeres, a short gut, a somewhat rounded
head, and pigmentation which is usually located dorsally on the head and gut,
ventrally on the gut, and along part or all of the ventral midline of the tail.

Apogonid larvae may be confused with pomacentrids at times; their
differences are discussed in the "Apogonid" section. Nomeid larvae are also
similar in some respects to pomacentrids; these are most easily distinguished by
the higher myomere counts �1 to 41! of the nomeids.

Within the family Pomacentridae, metamorphic and juvenile stages are
usually identifiable meristically  Table 5!, while larval identification is based
primarily on differences in pigmentation.

Literature

Ahlstrom �965!, Delsman �930!, Fujita �957!, Gosline and Brock
�960!, Helfrich  'f958!, Randall and Swerdloff �973!, Swerdloff �970!

Abudefdvf abdominalis
A. sordidvs
Chromis acares
C a//i/is
C hanui
C. leucuras
C ovalis
C struhsakeri
C vanderbilti
C verater
Oascy//vs a/bise/la
Eu pomacen trus

fasci oletvs
Plectroglyphi dodon

iohnstonianus
P, i mperipennis
P, phoeniaensis
P. sindonis

XIII, 13 � 15
XII I, 15 � '16
XII � XIII, 11
XII, 12 � 14
XII, 13
XI I, 14
XIV, 11 � 13
XIV � XV, 'I3 � 14
XII, 11
XIV, 12 � 14
XI I, 15-16
XII � XIV, 15 � 17

II, 13 � 15
II, 14 � 15
II, 10 � 11
Il, 12 � 14
I I, 13-14
II, 13
II, 12 � 13
II, 13 � 14
tl, 11
II, 12 � 14
II, 15 � 16
II, 12 � 14

17 � 19
18 � 19
16 18
17 � 18
17 � 18
16
20 � 22
19 � 20
16 � 18
19 � 20
19 � 21
20 � 22

Labrids constitute an important component of the Hawaiian reef fish
community. However, their larval taxonomy is poorly known, and only a few
"kinds" are recognized at present,

Labrids are either moderately slender or deep-bodied, have a gut extending
less than one-half the length of the body, have 25 or 26 myomeres, have a long
dorsal fin, and are lightly pigmented. I abrid L-3 is one of the tnore common
labrid larvae and is typical of the slender forms.

D: IX, 11; A: III, 12; P: 13; V: I, 5; C: 14;vertebrae: 25

Four kinds of eggs from Hawaiian waters have been tentatively attributed 69
to labrids  Watson and Leis, 1974!: three unidentified types and Tha/assoma
duperreyi. All are planktonic and spherical, with a single small oil droplet
opposite the developing embryo. Mone have been associated with Labrid L-3.

The smallest L-3 larvae normally taken in nearshore plankton tows  ca. 7
mm SL! are rather advanced: dorsal, anal, and caudal fin rays are present,
incipient dorsal spines are visible, and pectoral fin rays are becoming ossified.
Pelvic fin buds are very small. The eyes are somewhat oval but will soon become
round. The gut extends a little less than one-half the length of the body, giving a
myomere formula of 11 + 14 or 12+ 13. The gas bladder is conspicuous, but usu-
ally smaller than that illustrated in F igure 74.

The posterior band of myoseptal and fin pigment is characteristic. This
band consists of a few melanophores on the fin membrane along the last three or
four dorsal and anal fin rays and along the myosepta at this level. Melanophores
overlie the gas bladder dorsally.

In larger larvae, similar fin pigment develops along the first three or four
dorsal and anal soft fin rays and along the third and fourth dorsal spines. The top
of the head is pigmented in the midbrain region. In living larvae, xanthophores lie
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Figure 74. Labrid L-3, 7.2 mm SL

TABLE 6. FIN RAY COUNTS OF HAWAIIAN LABRlD GENERA

ReferenceGenus
70

Identification

"1 = Randall �972!; 2 = Gornon and Randall �975!; 3 = Jordan and Evermann �903!; 4 = Schultz et al.
�960!; 5 = counts made by project personnel; 6 = Randaii j'f958!; 7 = Randall and Kay f1974!

Literature
TFirst two spines may be separated from the rest in certain species giving rise to a count of II + Vll

dorso- and ventrolaterally at the level of the fin melanophores, along the myo-
septa of the posterior pigment band, on the upper and lower jaws, at the isthmus,
along the cleithra, and scattered over the gut region.

Labrid larvae are recognized by their sparse pigmentation, small mouths,
long dorsal and truncated caudal fin, and 25 to 26 rnyomeres. Distinction
between "kinds" within the family is based primarily on fin ray counts and body
shape. These criteria usually do not allow identification to the specific level, but
identification to the generic level is often possible.

Scarid larvae are easily confused with labrids. Metamorphic stage specimens
are often distinguishable by dorsal and anal soft fin ray counts: most scarids have
9 or 10  rarely 11!, while labrids typically have 11 to 13  usually 12 to 13! in at
least one fin  Table 6!.

Smaller larvae cannot be distinguished adequately, but are not commonly
encountered nearshore.

Kuntz and Radcliffe �917!, Mito �962d!, Nellen �973!, Sparta �933a!,
Watson and Leis �974!

Anampses
Bodienus
Cheiiio
Chei7inus
Cirrhi Iabrus
Coris
Cymoiu tes
Epibuius
Gomphosus
Hahchoeres
Hemi pterono tus
i abroi des
ilrfacrophary nlio don
ivo rracah'ohthys
Pseudocheili n us
Pseudoj uioi des
Stethoj uiis
Thaiassoma
yyetmoreiia

1
2,3
4
5
4
3
4
4
4
3
3
6
4
3

4,5
4
7

3,4
4

IX, 12
XII, 10 � 11
IX, 12 � 13
IX, 10 � 11
XI,8 � 9
IX, 11-12
VIII � IX, 13 � 15
IX, 10
VI I I, 12 � 13
IX, 12
Ixt, 12 � 13
IX, 11
IX, 11
IX, 12
IX, 10 � 11
IX, 11
IX, 11
VI I I, 12 � 13
IX, 10

III, 12
III, 12
I I I, 11 � 12
I I I, 8-9
I I I, 8 � 9
III, 'I2
III, 13
I I I, 8
III, 'IO � 11
III, 'l1 � 12
III, 'l2 � 13
III, 10
III, 11
I I I, 12
I I!, 9
III, 12
III, 11
I I I, 11 � 12
III, 8

13
17
12
12-13
15
12 � 13
12
12
16
13
12-13
13
12
12 � 13
13 � 17
13
14-1 5
15 � 17
12
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Scombrolabrax heterolepis
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Identification
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2.0 rnm

Figure . co75. S ombrolabrax heteralepis, 4.2 mm SL

1.0

Adult meristics

. P: 17 � 19; V: I, 5; C; 17; vertebrae: 31 � 32D: XII, 14-15; A: II, 16 � 18; P:
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Gempylus serpens  Hauliuli - puhi!

Adult meristics

Eggs

72

Larvae

of dorsal spines prior to, or synchronously with, dorsal fin rays. S. australasicus is
easily distinguished by its lack of preopercular spines and by its pigmentation
along the ventral midline.

Scombrolebrax may be distinguished from gempylids by its lower and
shorter spiny dorsal fin, longer preopercular spines, and lack of long pelvic spines.
The dorsal fin rays preceed the dorsal spines in development. The larvae, partic-
ularly the larger ones, are stockier-bodied than the gernpylids, Fin ray and myo-
mere counts are used to distinguish larger specimens.

Distinction among S. heterolepis, gempylids, and Lampanyctus is discussed
in the "IVlyctophidae" section.

Gempylid larvae are rather diverse in appearance. They are somewhat deep-
bodied and have moderately elongate snouts; obvious gas bladders; early
developing, and ultimately quite long, pelvic spines; a few short to moderately
long preopercular spines; a long or short gut; myomeres in the thirties or fifties;
and a long, high, spinous dorsal fin at larger sizes. Gempy/us serpens is the most
common larval gempylid encountered in Hawaiian waters and, together with
Nealotus tripes, represents the gempylid family in this atlas.

D: XXVI � XXXII + I � II, 10 � 13 + 5 � 8 finlets; A: II + I, 9 � 12 + 5 � 7
finlets; P: 'l2 � 15; V: I, 4; C: 17; vertebrae: 53

G. serpens eggs have not been described in the literature. Spherical, pelagic
eggs were attributed to another gempylid, Thyrisites atun, in Gilchrist �916! and
de Jager  'I955!.

G. serpens larvae have a somewhat longer gut than most other gempylids:
the myornere formula is 22+ 31 at ca. 5 rnm SL. The snout is elongate and rather
"squared-off." At ca. 5 mm SL  Figure 76! three spines are present on the pre-
opercle. The two near the preopercular angle are of approximately equal length
and remain so throughout larval development. In larger larvae two additional
smaller spines are present on the lower limb of the preopercle. The larvae of
ca. 5 mm SL have pelvic and six dorsal spines. Dorsal, anal, and caudal fin anlagen
are developing, but no incipient rays are discernible. The gas bladder is visible
anteriorly.

Pigment of this larval size includes me lanophores at the tips of both jaws, a
few over the midbrain region, one internally at the lower margin of the otic cap-
sule, and a series dorsally over the gas bladder and gut. A series of melanophores
 usually one per myomere! lies on the ventral midline between the anus and the
origin of the anal fin anlage; another series lies dorsolaterally on each side
between about the level of midgut and the origin of the anal fin anlage. A few
melanophores may lie along the epaxial myosepta in this region. The midlateral
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Figure 76, Gempy/usserpe s,n 53mmsL

Larvae

Nealotus tripes

Adult meristics
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SCOMBRIDAE

Species Reference' Vertebrae

XXV I � XXXII + I � II, 10 � 13: 5-6
VI II � XII + 16 19;4 � 6

II + I, 9 � 12:5 � 7
II + I, 11 � 13:4 � 5

1,2,3,4
4

53
32

XX � XXI + I, 16 � 19:2
XI I � XI I I + 16 � 21:2

II+ I, 15 � 17:2
I � II, 15 � 17:2

37 � 36

XIII � XV + � � 19:2
XII, '14 � 15

2,4
1,6

32
31 � 32

I I, 16 � 16:2
I + ll, 16 � 1S

XXX � XXXIV, 36 � 42 I I + I, 29 � 32

Auxis spp.  keokeo!

Adult meristics

75

Eggs

Larvae

Literature

TABLE 7. MERISTiCS OF SELECTED GEMPYLID, SCOMBROLABRAC!D,
AND TR !CHlUR ID F ISHES

Gemp ylus serpens
Lepidocybium

flarreobrun neum
hlealotus tripes
Prome thich th ys

prometheus
Ru yettus pretiosus
Scombrolabrax

heterolepis
Dipiospi n us

multistriatus

Note: Numbers following colon  :! in columns "a" and "A" indicate number of finlets

"'I = counts made by project personnel; 2 = Jordan and Evermann �903!;3 = IWi!ler and Jorgenson �973!;
4 = Smith �965!; 5 = Strasburg �964!; 6 = Grey �960!

The scombrids are differentiated by their higher myomere counts: most
have 39 or more  Seomber australasicus has 31, but does not closely resemble the
gernpylids!, while most gempyiids have 32 to 38. Most scombrids also have rnare-
and usually longer � preopercular spines, lack the long pelvic spines, and have a
much tower and shorter spinous dorsal fin.

Most gempylids are distinguished from one another by fin ray and
myomere counts, by pigmentation, and in at least some cases by preopercular
spination  Voss, 1954!. At present, three identifiable species from nearshore
Hawaiian waters, G. serpens, h/. tripes, and Lepidocybium flavobrunneum, are
easily distinguished meristically  Table 7!.

de Jager �955!, Fourmanoir �970!, Gilchrist �916: cited in Breder, Jr.,
and Rosen, 1966!, Grey  'l960!, Jordan and Evermann �903!, Smith  ' 965!,
Strasburg �964!, Voss �954!

Scornbrid larvae are profusely described and illustrated in the literature;
e.g., Matsumoto �959, 1967!, Matsurnoto et al. �972!, Mori et al. �971!,
Richards and Potthoff �974!. Consequently, they will be treated only briefly
here.

Scombrid larvae are slightly elongate to moderately deep-bodied, with a
short gut  except Acanthocybium!, a large head and mouth, usuaiiy heavy pre-
opercular spination  except Scomber!, usually early development of pelvic buds
and dorsal spines, and often 39 to 43 rnyomeres  except Aeanthocybium, Sarda,
and Scomber!, Thunnus albacares and Auxis spp. are the most common scombrid
larvae in the nearshore surface waters of Hawaii.

0: X � Xli + 10 � 13 + 6 � 9 finlets; A: 12 � 14 + 6 � 8 finlets; P: 22 � 24;
vertebrae: 39

Mito �961b! attributes a pelagic, spherical, 1.04-mm diameter egg with a
single oil droplet to Auxis spp.

Most Auxis spp. larvae taken in nearshore surface plankton taws have not
developed to the stage of complete notachord flexion  ca. 6 to 7 mm SL!, These
smail larvae have large heads with large mouths. The gut is short, giving a mya-
mere formula of 8 + 31 or 9 + 30, Six to ten  depending on larval size! pre-
opercular spines are present in two rows; the spine at the angle of the lower row is
longest.

At ca. 3.5 mm SL  Figure 78! only the caudal fin anlage is present. Pig-
mentation includes an external melanophore overlying the posterior center of
the midbrain, an internal melanophore on each side at the posterior margin of the
midbrain, and another rnelanaphore laterally on each side of the anterior hind-
brain. A melanophore lies at the tip of the lower jaw, although it may be absent in
some specimens. The gut is pigrnented anteriorly and dorsally, and a single
meianophore is present ventrally on the hindgut just above the anus. A series of
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Figure 78. Auxis sp., 3.6 mm S L

Thunnus albacares  ahi!

Adult meristics

Eggs

rnelanophores  at most one per rnyomere! extends along the ventral midline, from
myomere 18 to 20 to the peduncle. One or two rnelanophores are present on the
caudal fin anlage. Others � rarely more than three � extend along the dorsal midline
caudad from about myomere 35  Figure 78!. Melanophores may be present or
absent at the symphysis of the cleithra but are always present in larger larvae.

Incipient caudal fin rays begin to become visible at ca. 4 rnm SL, and pelvic
fin buds first appear at ca. 5 mm SL. The number of preopercular spines in the
lower row increases from four to six, and pterotic spines develop. The midbrain
becomes more heavily pigmented externally. Further development is described
and illustrated in IVIatsumoto �959!.

D: XII � XIV + 12 � 16 + 8 � 10 finlets; 4: II, 12 � 15 + 7 � 10 finlets;
P: 33 � 36; C: 17; vertebrae: 39

Mori et al. �971! described artificially fertilized, transparent eggs, averag-
ing 0.98 mm in diameter, from T. albacares,
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Figure 79. Thunnus albacares, 5.7 mm SL

T, albacares larvae are thoroughly described and illustrated in the literature.
For example, Mori et al. �971! illustrated a series from the yolk sac stage
through 7.8 mm SL, while Matsumoto et al. �972! illustrated a series from 3.8 to
13.4 mm SL. A 5.7-mm SL specimen is illustrated in Figure 79 to show the char-
acteristic features of smaller T. albacares larvae,

This larva has a large head and mouth, long preopercular spines, and a short
gut. The rnyomere formula is 9 + 30. Pelvic fins; dorsal, anal, and caudal fin
anlagen; and incipient caudal fin rays are present. The anterior dorsal spines and
pterotic spines first appear at ca. 6 mm SL; the notochord is flexed and incipient
dorsal and anal fin rays present by ca. 7 mm S L,

Melanophores are absent at the forebrain and symphysis of the cleithra, a
characteristic of the genus Thunnus. A single melanophore is present at the tip
of the lower jaw, but not on the upper  it will appear in larvae larger than

ca. 6 rnrn SL!. External melanophores overlie the midbrain region and internal
ones lie along the posterior margin of the midbrain. The gut is pigmented anteri-
orly, dorsally, and dorsolaterally. A few melanophores lie along the cleithra at the
level of the pectoral fin. Dorsal, lateral, and ventral midline rnelanophores are
absent, but a single melanophore may occur on the caudal fin anlage. ln larger
larvae the first dorsal fin is heavily pigmented.

Distinction between scombrids and Lampanyctus spp., gempylids, and
Scombrolobrax is discussed in the "IVlyctophidae," "Gempylidae," and "Scom-
brolabracidae" sections, respectively.

Among the scombrids, Acanrhocybium solandri is immediately recognized
by its elongate body and jaws, iong gut, and high �3! myomere count.
A. solandri larvae are described and illustrated in Matsumoto �967!.
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Cubiceps pauciradiatus

Adult meristics

Eggs
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Scomber australasicus is likewise easily recognized by its typical scombrid
appearance, unusually low �1! myomere count, and lack of preopercular spines.
Its pigmentation is similar to that of Auxis spp. $. japonicus is described and
illustrated in Uchida et al. �958!.

Katsuwonus pelamis larvae may be recognized by having a rnelanophore at
the anterior margin of the forebrain at ca. 6 mm SL and larger, lacking melano-
phores at the symphysis of the cleithra at all sizes and on the dorsal midline below
ca. 9 mm SL, and having one to three melanophores on the ventral midline near
the caudal fin. K. pelamis has 41 myorneres. K. pelarnis larvae are described and
illustrated in Matsumoto �958!.

Euthynnus affinis larvae larger than ca. 3.5 mm SL have one or more
melanophores on the forebrain, several at the symphysis of the cleithra, a series
along the ventral midline, and none midlaterally or middorsally. They have 39
rnyomeres. Euthynnus spp. larvae are described and illustrated in Matsumoto
�959!.

Thunnus spp. larvae are recognized by their lack of melanophores at the
symphysis of the cleithra and on the forebrain and by the number of myomeres
�9!. The two Thunnus species most commonly recognized from nearshore sur-
face plankton tows, T. albacares and T. obesus, may be distinguished by the
absence of midventral melanophores in T. albacares and presence of usually one
or two midventrally on the peduncle in T. obesus. Differentiation of the various
Thunnus species is discussed in Matsumoto et al. �972! and in Richards and
Potthoff �974!; T. albacares is illustrated in Matsumoto et al. �972!, and
T. obesus  as Parathunnus sibi! in IVlatsumoto �962!.

Sarda sp. is illustrated in Jones and Kumaran �964d!.

Chen and Tan �973!, Jones and Kumaran �964d!, Matsui �967!,
IVIatsumoto �958, 1959, 1962, 1967!, Matsumoto et al, �972!, Mito �961b!,
Mori et al. �971!, Richards and Klawe �972!, Richards and Potthoff �974!,
Uchida et al. �958!

Nomeid larvae are quite diverse. They are slightly deep to deep-bodied and
lightly to heavily pigmented, having early-developing or late-developing long or
short pelvic fins, and have 31 to 41 myomeres. All have weak preopercular spina-
tion, a gut extending one-half the length of the body or less, and usually moder-
ately long dorsal and anal fins.

Cubiceps pauciradiatus, a relatively slender nomeid and the most common
in Hawaiian inshore waters, represents the family in this atlas.

D: X � XII + I, 'I6 � 18; A: I � II, 14 � 17; P: 16 � 20-' V: I, 5; C: 17;
vertebrae: 31.

C. pauciradiatus eggs are described in Ahlstrorn et al. �976!.

C. pauciradiatus larvae are rather plain. They are more slender and have
later-developing and smaller pelvic fins than the other norneid genera. The gut
extends nearly one-half the length of the body, giving a myomere formula of
14 + 17. The gas bladder is quite conspicuous anteriorly. The preopercular spines
are sma II.

At ca. 4.5 mm SL  Figure 80!, dorsal, anal, and caudal fin anlagen and usu-
ally six caudal fin rays are present. The notochord is beginning to flex. Pigmenta-
tion includes external melanophores above the midbrain and forebrain, on the
snout, at the tips of both jaws, and near the upper end of the maxillary. An
internal melanophore lies on each side at the posterior margin of the midbrain and
at the anterior margin of the midbrain. A single melanophore lies at the anterior
center of the gut, about on a level with the bottom of the pectoral fin base. A
series overlies the gas bladder and gut dorsally. One or two rnelanophores each lie
on the dorsal, lateral, and ventral midlines to form a band in the vicinity of myo-
meres 18 to 22.
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p.Q mm

Figure 80. Cubi ceps pauciradiatus, 46mmSL
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55 mmSLauci radiatus8 ~ Cubiceps pFigure



By ca. 5.5 mm SL  Figure 81! the notochord is flexed and the caudal fin
emarginate. All dorsal and anal fin rays, and most dorsal spines, are present. The
upper pectoral fin rays are becoming ossified, and pelvic fin buds have developed.
The body is somewhat deeper. Melanophores are scattered over the dorsal sur-
face of the head and laterally over the gut. A few more are present along both
jaws. Others are paired along the base of most dorsal elements. The midlateral
melanophores remain, with myoseptal melanophores above them and single
rnelanophores along the anal fin ray bases below. A series of melanophores
overlies the notochord, extending forward to the level of the gas bladder or just
beyond. As development proceeds, the pigmentation increases, so that metamor-
phic stage individuals are nearly uniformly pigmented.

GOBI IDAE

Gobiidae larvae are ubiquitous in nearshore Hawaiian waters. They are
rather nondescript, with a blunt snout, a large gas bladder located midway or pos-
teriorly over the gut which extends a little less than one-half the length of the
body, 25 to 26 myomeres, and light pigmentation. Larger larvae and metamorphic
stage specimens have separate dorsal and fused pelvic fins.

Larval gobiids closely resemble one another; consequently, their identifica-
tion is difficult. Species attributions are mainly restricted to some of the large
larvae and later stages. Among these, Psilogobius mainlandi is best known.

Identification

C. pauciradiatus larvae superficially resemble those of the carangid,
Trachurops crumenophthalmus. Their differences are discussed in the "Carangi-
dae" section.

Within the family Nomeidae, the genus Cubiceps may be distinguished from
Psenes and Nomeus. Psenes arafurensis and P. cyanophrys larvae are deep-bodied,
with 31 myorneres and large pelvic fins which develop far in advance of the other
fins. Nomeus grovonii is moderately deep-bodied, with large pelvic fins, and 41
myomeres, Cubiceps are more slender, have smaller pelvic fins, and are more
uniformly pigmented at larger sizes.

Within the genus Cubi ceps, C. caeruleus may be distinguished from
C. pauciradiatus. The former is slightly deeper-bodied, lacks midlateral and mid-
dorsal pigments, has a midventral melanophore series along most of the tail  at
least in preflexion larvae!, and has more myomeres �3 in C. caeruleus; 31 in
C. pauciradiatus!.

Literature

Ahlstrom et al. �976!, Fourmanoir �971b!, Legaspi �956!

Psilogobius mainlandi

Adult rneristics

D: VI+ I, 10; A: l,9; P. 16; V: I, 5; C: 15; vertebrae: 26

Eggs

P. mainlandi eggs have not been previously described in the literature, but
may be oval, demersal, attached, and brooded by the adult male, as has been
reported for other gobiids, e.g., Dotu and Mito �955!, Shiogaki and Dotsu
�972!.

Larvae

No larvae smaller than 4 mm SL  Figures 82 and 83! have been attributed
to P. mainlandi. At 4 mm SL the caudal fin rays and most dorsal and anal fin rays
are ossified, pelvic fin buds are present, and incipient dorsal spines and upper pec-
toral fin rays are visible, The gas bladder is quite large. External melanophores are
located at the isthmus and pelvic fin base. Two or three lie on the ventral midline
posterior to the anal fin, and still others lie in two rows along the base of the anal
fin in a staggered pattern. The gas bladder is pigmented dorsally,

Ossified pelvic fin rays are discernible by ca. 5 mm SL, and all fins are fully
developed  except the lower two or three pectoral fin rays! by ca. 5.5 mm SL.
Specimens of this size have a typical gobiid appearance  Figure 84!, but do not
yet resemble adult P. mainlandi. Larvae of ca. 5 mrn SL may or may not have a
melanophore on the hindgut just above the anus. Those larger than ca. 6 mm SL
have one at each nostril, a pair dorsally and ventrally on the hindgut just above
the anus, and occasionally a few over the midbrain and branchial regions.



1.0

82

2.0 mm

F igure 83. Psi iogobi us mai niandi, 4.1 mm S l, ventral view



Figure 84. Psifogobius mainlandi, 5.8 rnm SL
83

Identification

Gobiid larvae may be recognized by the large gas bladder, gut length, 25 to
26 myomeres, light pigmentation, and fins in larger specimens. They may be con-
fused with apogonids at the smaller sizes; distinction between the two is discussed
in the "Apogonidae" section.

Within the family Gobiidae, 19 types, including the two marine eleotrids,
are recognized in Hawaii  Gosline and Brock, 1960!. Those for which species
attributions are possible are nearly all larger larvae, metamorphic stages, and
juveniles. Brief descriptions of a few of these follow.

Asterropteryx semipunctatus. Adult meristics are D: Vl + I, 11; A: I, 10;
P: 17 � 20, A. semipunctatus typically has an expanded melanophore at
the isthmus, one at the pelvic fin base, one dorsally on the hindgut just above
the anus, and three or four evenly spaced along the postanal ventral midline.
The melanophore on the isthmus may be absent In individuals smaller than
ca. 4mm SL.

Bathy obius fuscus  ohune!, Adult meristics are D: Vl + I, 9; A: I, 9;
P: 19 � 20. 8. fuscous is somewhat shorter and broader than most other gobiid lar-
vae. Single melanophores are present at the articular, otic capsule, isthmus, and
pelvic fin base; others appear on the dorsal surface of the gas bladder, the dorsal
hindgut just above the anus, in two rows along the anal fin  usually 3 to 4 pairs!,
in a single midventral row posterior to the anal fin  usually 1 to 3!, and in an
internal diagonal band through the body from just behind the anal fin to dorsal
fin ray 7 or 8.

Eviota epiphanes. Adult rneristics are D: Vl + I, 9; A: I, 8; P: 16. This spe-
cies has dorsal pigmentation on the gas bladder, a dorsal melanophore on the
hindgut just above the anus, and one to four posterior dorsal midline mela-
nophores overlying the midventral series. Branched pelvic fin rays are distinctive
when they become ossified.

Gnatholepis kni hti  =anjerensis!. Adult meristics are D: Vl + I, 11 � 12;
A: I, 11 � 12; P: 18. Melanophores are present only on the dorsal surface of the
gas bladder; metamorphosing specimens have a bar below the eye extending across
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tered.

the cheek, Live specimens have erythrophores at the articular, isthmus, pelvic
base, and dorsal hindgut just above the anus; along the anat fin  usually 3 to 4!;
on the ventral midline posterior to the anat fin  usually 1 to 2!; and in a diagonal
band internally through the body from just behind the anal fin to dorsal fin ray
11 or 12.

Kellogella oligolepis. Adult meristics are D: Vl + I, 11; A: I, 6; P: 15. This
species is known from preflexion larvae only. Melanophores are present on the
dorsal surface of the gas bladder and the dorsal surface of the gut. None to two
are present ventrally on the midgut and none to two are on the dorsal midline
between myomeres 16 and 18. Live specimens have erythrophores along the lower
jaw, ventrally and ventrolaterally along the gut, ventrolaterally from the level of
the otic capsule to between rnyorneres 18 and 20, and dorsally and dorsolaterally
from the level of the anus to between myomeres 18 and 20.

Oxyurichthys lonchotus. Adult meristics are D: Vl + I, 12; A: I, 13; P: 19.
This species is more elongate than most other gobiid larvae. Single melanophores
are at the isthmus and the pelvic fin base, others are on the dorsal surface of the
gas bladder, and one pair is at each anal fin ray base. Living specimens have
erythrophores at each anal fin ray base and two bands internally through the

84 body.

Among the unidentified gobiids, types 8, 9, and 12 are commonly encoun-

Gobiid type 8. None have fully developed fins. Melanophores are present
dorsally on the gas bladder and on the hindgut just above the anus; one  usually
expanded! is present on the ventral midline halfway between the anus and
peduncle.

Gobiid type 9, Adult meristics are D: > V+ > 10; A: 9, This type is usually
small and almost certainly includes more than one gobiid species, and perhaps
Asterrapteryx semipunctatus as well. Melanophores are present dorsally on the
gas bladder and present or absent on the hindgut just above the anus. In addition,
there are usually 2 to 5 along the ventral midline in an irregularly spaced single
row.

Gobiid type 12. Adult meristics are D: > 11; A: >~ 10. Single melanophores
are present at the articular and present or absent on the isthmus. They are also
present at the pelvic fin base and ventrally at the center of the gut and on the
hindgut just above the anus. Others are present dorsally on the gas bladder and
over the hindgut. Two or three elongate pairs are evenly spaced along the ventral
midline between the anus and rnyomere 20. One or two pairs are present along

the dorsal midline on adjacent myomeres between myomeres 15 and 20 and an
internal band is present through the body  may be absent in small specimens!
between posterior dorsal and anal midline pairs.

Delsman �926c!, Dotu and Mito �955!, Gosline and Brock �960!,
Shiogaki and Dotsu �972!



TRIPTE R YG I IDAE

Tripterygion atriceps

Adult meristics

Eggs

Larvae

2.0 mmI.O

Figure 85. Tripterygion atriceps, 3.2 mm SL

D: III + XIII � XIV + 9 � 10; A: I, 19 � 20; P: 14 � 16; V: I, 2; C. 13;
vertebrae: 36

7: atriceps eggs have not been previously described in the literature,
However, round, attached demersal eggs brooded by the adult male have been
described for other species of this genus by Ruck �973! and others.

T. atriceps larvae are slender, with a short gut, a somewhat elongate snout,
36 myomeres, and a characteristic pattern of melanophores posteriorly along the
dorsal and ventral rnidlines, They look like blennies, particularly at the smaller
sizes.

Larvae of ca. 3 mm SL  Figure 85! are beyond the yolk sac stage, but have
not yet developed fin anlagen. The myomere formula is 10+ 26. A small gas blad-
der, visible anteriorly, is present throughout larval development but is apparently
lost during metamorphosis. Pigmentation is light: the gas bladder is pigmented
dorsally, a large melanophore lies on the hindgut just above the anus, and three or
four lie along the ventral midline in the vicinity of myomeres 24 to 30, with one
or two others on the dorsal midline opposite the last one or two of the midventral
series.

By ca. 6 rnrn SL  Figure 86! the notochord is flexed and the principle
caudal fin rays are ossified, the dorsal and anal fin anlagen are developing, and the
pelvic fin buds are present. The pectoral fins remain small and undifferentiated.
The gas bladder is usually small and is positioned three or four myorneres more
posteriorly than in ca. 3 to 4 mrn SL larvae. The pigment pattern changes little:
all the earlier pigment is retained, an internal melanophore may overlie the noto-
chord just posterior to the hindbrain, and a Y-shaped rnelanophore lies at each
soft anal fin ray base  Figures 86 and 87!, A melanophore may be present at the
articular.

ln larvae larger than ca, 8 mm SL, an external melanophore overlies the
posterior center of each midbrain hemisphere and an internal melanophore lies on 85
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Figure 86. Tripterygion atriceps, 5.8 mm SL

86 2.0 mm
Figure 87. Tripterygiorl atriceps, 8.5 mm SL, ventral view
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Enchelyurus brunneolus

Adult meristics

87

Eggs

Yolk sac larvae

I arvae

the dorsal center of the hindbrain. There are no other pigmentation changes
before metamorphosis  ca. 10 to 11 rnm SL!. Larval development is discussed
further in Watson  " Larval development of the scaled blenny, Tripterygion
atriceps," in preparation!.

7. atriceps larvae are immediately recognized by their blenniid appearance
and distinctive dorsal and ventral midline pigmentation. The pigmentation pattern
resembles larvae of the myctophid, Lampadena urophaos, but they are easily dis-
tinguished by the longer, convoluted gut of the latter.

Ruck �973!, Shiogaki and Dotsu �973!, Watson  " Larval development of
the scaled blenny, Tripterygion atriceps," in preparation!

The blenniid larvae most commonly encountered in Hawaiian waters are of
three similar, but easily distinguished, tribes: Salariini, Omobranchini, and
Blenniini. All three types are rather long and slender, with a short gut, no
apparent gas bladder, long dorsal and anal fins, jugular pelvic fins, and myomeres
numbering in the thirties, Blenniini and Omobranchini have shorter guts, more
rounded heads, and longer preopercular spines than do the salariines. Salariines,
on the other hand, usually have much longer pectoral fin rays in the late larval
and prejuvenile stages and characteristic large hooked canine teeth in the lower or
both jaws. The types are distributed differently with respect to distance away
from shore  and possibly vertically as well: see Watson, 1974!, Enchelyurus
brunneolus typifies the Blenniini-Omobranchini type larvae, while Istiblennius
zebra represents the Salariini.

D: X, 20 � 21; A: I I, 2g; P: 14 � 15; V: I, 2; C: 'l3; vetebrae: 35

E. brunneolus larvae hatch at ca. 2.5 mm SL, with very little yolk, pig-
mented eyes, and functional jaws, Three or four very small preopercular spines
are present.

E. brunneolus larvae hatch at ca. 2.5 mm SL, with very little yolk, pig-
mented eyes, and functional jaws. Three or four very samll preopercular spines
are present.

In ca. 3 mm SL larvae  Figure 88!, four small preopercular spines of
approximately equal length and one or two small supraocular spines may be
present. Two small teeth are present anteriorly in the upper jaw, The gut is quite
short, giving a myornere formula of 6+ 29, The caudal fin anlage is just beginning
to develop. Melanophores overlie the midbrain region externally and the dorsal
and dorsolateral surface of the gut internally. A single melanophore may lie ven-
trally on the gut, just anterior to the anus. A characteristic row of five to seven



Figure 88. Enchelyvrus brunneofus, 3.2 mm SL
88

Istiblennius zebra  panoa!

Adult meristics

Eggs

male.

Larvae

melanophores ties posteriorly along the postanal ventral midline, usually extend-
ing no further cephalad than myomere 25.

By ca. 3.5 mm SL the spine at the angle of the preopercle is clearly longer
than the others; the larvae are otherwise little changed.

Larvae of ca. 6 mm SL  Figure 89! have pelvic fin buds and fully developed
pectoral and caudal fins. All dorsal and soft anal fin rays are partly ossified, incip-
ient anal rays are discernible, and the spiny dorsal is forming, The myomere for-
rnula is 9+ 26. The ventral midline pigment is reduced by ca. 6 mm SL: only a
single melanophore remains just posterior to the base of the last anal fin ray. A
pair of elongate rnelanophores lies along the distal margin of the peduncle, and a
series of widely spaced melanophores overlies the notochord posteriorly. The gut
usually becomes more heavily pigmented laterally, and the branchial region
becomes heavily pigrnented as well, The pigmentation of the midbrain region
changes little  Figure 89!.

The spine at the preopercular angle shortens as development proceeds
beyond ca. 7 mm SL; by ca. 12 mm SL it is very short and soon disappears
entirely. The adult form is nearly attained by ca. 12 mm SL; at about this size
E. brvnneolvs settle out of the plankton.

0: Xl I I, 21; A: I I, 22; P: 14; V: I, 2; C: 13; vertebrae: 38

I. zebra has round, demersal, attached eggs which are brooded by the adult

Small larvae, ca. 2.5 to 3.5 mm SL  Figure 90!, are often taken in nearshore
plankton tows. The smallest of these are slender and round-headed, with a fairly
short gut and a characteristic group of five expanded melanophores along the
distal margin of the pectoral fin. A few melanophores are present ventrolaterally
on the gut, and a series of five or six each lie above the gut and posteriorly on the
ventral midline.



Figure 89. Enehelyurus brunneolus, 6.1 mm SL
89

2.,0 mm

Figure 90. Istiblennius zebra, day 4, 3.3 mrn SL
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Larvae of ca. 3.5 rnm SL remain slender, with a myomere formula of 10+
28. Between 3 and 3.5 rnm SL  Figure 90! the jaws elongate and teeth develop.
Pigmentation changes little: the series along the ventral midline of the tail extends
no further forward than myomere 26 or 27; the characteristic five expanded
melanophores lie along the distal pectoral fin margin; a series of melanophores
overlies the gut dorsally; and additional melanophores lie internally in the region
of the lower part of the cleithra  Figure 90!.

Larvae larger than ca. 3.5 mrn SL are rarely encountered inshore, although
prejuveniles larger than ca. 20 mrn SL. are not uncommon. 1. zebra of intermediate
sizes  Figure 91! are usually taken offshore. These offshore J. zebra are long and
slender, with very long pectoral fins and little pigment. The large, hooked canine
teeth in the lower jaw are characteristic of salariine larvae and prejuveniles
 Figure 92!.

All fins are fully developed by ca. 11 mm SL  F igure 91!. Small supraocular
and preopercular spines are present. The myomere formula remains 10+ 28. A
few melanophores lie on top of the head in the midbrain region and a single
melanophore lies on the articular. None to a few melanophores may occur under
the operculum. Widely scattered melanophores surround the gut dorsally and

II . A melano hore lies near the proximal end of the second or third inner-latera y. me anop ore i
most epural and hypural caudal fin rays. The typical pectara in pigm
o an expan mf anded melanophore at the distal end of each pectoral fin ray, except the

mbraneuppermost two or ree.t tw three. A few scattered melanophores may lie on the me
in the distal half of the fin as well  Figure 91!,

Blenniid larvae are rather elongate, with short guts, myomeres numbering in
t e ir ies,juh th' ti 'ugular pelvic fins and long dorsal and anal fins at larger sizes, early
d I t f ectoral fin rays, long pectoral fins in the larger Salar" ',lariini rnoder-

ate preopercular spines in the Blenniini, and large preopercu ar sp'
Omobranchini. The salariine larval teeth are distinctive,

Differences in pigmentation and preopercular spination allow identification
of the various kinds of small blenniids, although not all can be identified ta the
specific level. Metamorphic stage and prejuvenile specimens are easily i entified
by fin ray and nuchal cirri counts  Table 8!.

'I . 0 Figure 91. Istibfennius zebra, 11.0 mm SL



TABLE 8. SELECTED MERISTlCS OF HAWAIlAN BLENNIID SPEClES

A Nuchaf CirriReferenceSpecies

'1 = counts made by project personnel; 2 = Chapman and Schultz �952!; 3 = Strasburg �956!;4 = 6rock
�948!

Plagiotremeus spp.  tribe Nemophini! larvae differ from other blenniids in 91
being heavily pigmented from the smallest sizes. They lack preopercular spines
and do not have extraordinarily large pectoral fins. Their canine teeth develop
early and are very strong,

Omobranchus rotundiceps obliquus larvae are illustrated as O. elongatus in
Watson �974!.

Literature

Brock �948!, Chapman and Schultz �952!, Dotsu and Oota �973!, Fives
�970!, Fourmanoir �971b!, Hildebrand and Cable �938!, Mito �954: this
species was referred to as lstiblennius by Smith-Vaniz and Springer, 1971!,
Strasburg �956!, Watson �974!

l,0 mm

Figure 92. Istiblennius zebra, 11.0 mm SL, view of jaw

Blennlus sp.
Crrri pectus lineopunctatus
C obscurus
C vari olosus
Ecsenius bicolor  =hawaiiensis!
Encheiyurus brunneolvs
Entomacrodus marmoratus
Ezal/ias brevis
Istiblennius gibbryrons
l. zebra
Omobrenchus rotundiceps obliquvs
Plagiotremevs  =Runula! ewsensis
Plagiotremevs ewaensis
P. goslinei

XII,14 � 15
XII, '15
XII,16 � 17
X	,13 � 14
X	,16 � 18
X,20-21
XIII, 14 � 1 5
XII,12 � 13
XIII, 16 � 19
XIII, 20 � 22
XI � XIII, 18 � 21
34-35
40
VIII, 35 � 36

11,16 � 17
11,16
11,16 � 17
11,15
11,18 � 20
II, 20
11,15 � '16
11,13 � 14
11,17 � 20
II, 20 � 22
II, 20 � 23
32 � 33
30
11, 29 � 30

0 24 � 28
39 � 42
36 � 38

0 0 2 � 4
32 � 36

0 0 0 0 0 0
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Schindleria pietschrnanni

Adult meristics

Eggs

Larvae

92

Figure 93. Schindferia pietschmanni, 3.5 mm SL

D: 17 � 18; A: 16 � 17; P: 15 � 16; V: absent; C: 13; vertebrae: 35 � 37

Oblong Schindleria sp. eggs �.3 x 0.5 rnm! lacking oil droplets and with a
"cap" on one end are described and illustrated in Watson and Leis �974!.
Whether these eggs are planktonic or dernersal is not known.

S. pietschmanni larvae are small and slender, with a spherical gas bladder, a
gut extending about one-half the length of the body, usually 36 rnyomeres, and
little pigment.

The smallest larvae, ca. 3.5 mm SL  Figure 93!, lack the narrow, elongate
peduncle af larger schindleriids and have not developed dorsal and anal fin
anlagen although the notochord is flexed and 10 ossified caudal rays are present,
The gut extends from one-half to just over one-half the length of the body, giving
a myomere formula of 18 + 18 or 19+ 'i 7. The gas bladder lies at about the mid-
point of the gut. A pair of melanophores occurs dorsally on the gut just anterior
to the gas bladder, another pair lies just above the anus, and three single melano-
phores are about evenly spaced along the ventral midline of the tail.

By ca. 4.5 rnm SL  Figure 94! both dorsal and anal fins are developing and
13 ossified caudal fin rays are present. The peduncle is becoming elongate and
narrow. The pigmentation on the gut is retained, an additional melanophore lies
on the posterior surface of the gas bladder, and the midventrai pigment is reduced
to a single posterior melanophore. All pigment except that on the gas bladder is
lost as development proceeds. Beyond ca. 4.5 rnm SL the typical adult Schindleria
features are clearly visible.



2.0 mml.O

Figure 94. Schindleria pietschmanni, 4.7 mm SL

LiteratureIdentification

$. pietschmanni larger than ca. 4.5 mm SL are immediately recognizable as
typical schindleriids. Smaller larvae may be identified by myomere counts, gut
length, the spherical gas bladder, and pigmentation. 93

S. pietschmanni and $. praemafurus  at least those longer than ca. 4.2 mm
SL! are easily distinguished by gut length: in the former the gut is just over one-
half the body length  never as long as 60 percent!, while in the latter it is just over
two-thirds of the body length  never shorter than 60 percent!. Counts of total and
preanal vertebrae likewise differentiate the species  Table 9!.

TABLE 9. SCH NDLERIA MERISTICS

Preanai
Vertebrae

Total
VertebraeReference~Species

Note: Two references were consulted and since counts did not always overlap, both are inciuded.

1 = Jones and Kurnaran �964c!; 2 = Sardou l 1 974!

Sebi ndlerie pi etschmanni
a. pietschmennf
S praematurus
S. praamarurvs

17 � 18
15 � 17
16 � 22
16 � 22

16 � 17
13 � 16
11 � 14
10 � 13

35-37
35 � 43
35 � 39
33 � 36

16 � 16
18-28
292 � 24
19 � 23

Brunn �940!, Jones and Kumaran �964c!, Sardou �974!, Watson and
Leis �974!



SCORPAE NI DAE

No,
ExaminedSpecies

XIII 10'/

X I I I, 8'/2 � 10'/~

I I I, 6'/i

I tl, 5'/

15 � 16

17 � 18

13

23

I II, 5'/
III 5'/a
I I I, 5 � 5'/~
I I I 5'! � 6i/
I I I, 5'/~

18 � 20
17 � 18
17 � 19
17 � 19
1 7-18

X I I I, 7'h � 8'h
X I I I, 8'/ � 9'/
XI I � X I I I, 9'/2
XI I I, 9'/~
XIII 8'!

15
12
16

10 4

Adult meristics

II I, 5'/*

lil, 5/-6/

I I I, 5'/~

I I I 5'/z � 6'/2

I I I, 6'/~ � 7 /a

I I I, 5'/z

I I I 5~/~

22 � 24

14-15

17 � ]8

20-22

19 � 20

14 X I I, 6'/z � 7'/~

X I I, 8'/ � 10'/~

XII, 9/2 � 10/2

X I I, 9'/2 � 10N

X I I, 10'/ � 11'/

Xll 9'!

X I I, 9'h � 10'!~

Eggs
12

13

32

17
Larvae

16 � 17

24
11
12

18
17 � ]9
18 � 20
16
17 � 18

XI I, 8~/~ � 10'/2
X I I, 8'/~ � 9~/~
XII 9'/
X I I, 9'/~
XII 9'/2

I I I, 5'/2 � 6'/2
I I I, 5'/z
I I I, 5'/~
I I I, 5'/~
I I I, 5'/~

I I I, 5'/~

I I I, 5'/~

18XI I, 9'h

X 'I I � X I I I, 8 /z � 1 0 /2 18-1916

X I I 9'/~ � 10'/
XI I, 9'h
X I I, 9 � 10'A
X I I, 8/2 � 9/z
X I I, 9'/2

I I I, 5'/z
II I 51/2
I I I, 5'/2
I I I, 5'/2
I I I, 5'!2

15 � 17
16
15-17
16 � ]7
16-18

11
10
14
19
17

Identification

The family Scorpaenidae is well-represented in Hawaiian waters, but its
larval taxonomy is poorly known. Most scorpaenid larvae  eight types are pres-
ently recognized! are identifiable to the familial level only. These have 24 to 26
myomeres; a moderately short gut;  usually! large and heavily pigmented pectoral
fins; large preopercular, supraocular, and paired parietal spines except at the
smallest sizes; and a dermal sac enclosing most of the body in the early stages.

Some fin counts for the Hawaiian genera are summarized in Table 10;
other fin counts for all genera are V: I, 5; C: 11; vertebrae: 24 � 26

Scorpaenid eggs are often massed within a planktonic, spherical to elliptical
gelatinous matrix. Two types from Hawaiian waters are described in Watson and
Leis �974!: the first with ca. 200 to 400 closely packed oval eggs of 0.80 to
0.85 x 0.60 x 0.65 mrn, and the second with ca. 100 to 150 loosely packed round

94 eggs of 0.73 to 0.75 mm diameter. Species attributions have not been made.

A small specimen of scorpaenid S-3 represents the family. This 3.6-rnm SL
larva  Figure 95! retains the dermal sac and lacks dorsal, anal, and caudal aniagen.
Preopercular and supraocular spines are absent, but the parietal spines are begin-
ning to develop. The gut is short  myamere formula 7 + 18!, but becomes elon-
gate rapidly: at ca. 4 rnm SL the myomere formula is 8+ 17 and by ca. 4.5 mm
SL it is 9 + 16. Fin anlagen and preopercular and supraocular spines have not
developed by ca. 4.5 mrn S L.

A pair of rnelanophores ties internally on the midbrain of the 3.6-mrn larva,
the gas bladder is pigrnented dorsally, and numerous rnelanophores cover the
distal half of the pectoral fin. A single melanophore lies on the hindgut above the
anus  Figure 95!.

Young scorpaenids may be recognized by myomere counts, the dermal sac,
and their heavily pigmented pectoral fins, They usually lack pigment on the
myomeres.

TABLE 10. FIN RAY COUNTS OF HAWAIIAN SCORPAENID GENERA

Pterois
P. sphex

Oendrochirus
O. barberi

Scorpanenodes
S. kellogi
S. hirustus
S. paruipinnis
S. littoralis
S. cora/linus

Plectrogeni um
P. nanum

Taenianotus
T. triacan thus

lracundus
l. sigai fer

Setarches
S, guentheri

Ectreposebastes
E. imus

Phenacoscorpius
P. megal ops

Pontinus
P, mac rocephalus

Scorpaenopsis
S. diabolus
S. cacopsis
S. brevifrons
S. fowleri
S. alti rostris

Rhinopias
R, xenops

Neomerinthe
N. rufescens

Scorpaena
S. coniorta
S. ballieui
S. gahctacma
S. pele
S. colorata

Note: All counts are from Eschmeyer and Randall, 1975.
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[.0 2.0 mm

Figure 95. Scorpaenid S-3, 3.6 mm SL.  Note hole in pectoral fin showing hindgut pigment.!

Literature

Young larvae of some anthiine serranids  less than ca. 3.5 mm SL! resemble
these small scorpaenids  e.g., compare Figure 55 with Figure 95!. Distinguishing
characteristics are given in the "Serranidae" section.

Scorpaenid larvae larger than ca. 4.5 to 5 mrn SL are immediately recog-
nized by their pair of large, horn-like parietal spines and very spiny heads in
general. They resemble priacanthid, caproid, and some anthiine serranid larvae in
having spiny heads, but they can be distinguished by the fact that these other
families possess a single supraoccipital spine rather than the parietal pair of
scorpaenids, Hoiocentrids likewise have a single supraoccipital spine and develop
a rostral spine very early as well.

Larvae of the closely related family, Caracanthidae, possess even more
elaborate head spination than the scorpaenids. The smallest caracanthids observed
tca. 8 mrn SL! are readily distinguished from scorpaenids by their fin counts:
D: VII, 11,'A: II, 11; P: 14.

Istiophorids and dactylopterids likewise have elaborate head spination, but
are easily distinguished from scorpaenids by being more heavily pigmented.
Dactylopterids have blunter snouts than scorpaenids, while istiophorids have
longer, pointed ones.

Within the scorpaenids, the distinction between the types is difficult and
only tentative for larvae which lack fully developed fins. Since the smaller larvae
constitute a fairly homogeneous group, identifying characteristics are limited to
pigmentation differences,

Eschmayer and Randall �975!, Mito and Uchida �958!, Moser �967!,
Orton �955!, Watson and Leis �974!



CALL I ONYMIDAE

Callionymus decoratus

Adult meristics

Eggs

C. decoratus eggs are planktonic, spherical, and 0.55 mm in diameter, with
no oil droplet. This egg is illustrated as unidentified type X LI I in Watson and Leis
�974!.

Larvae

C. decoratus larvae are small and moderately deep-bodied, with large heads
and fairly heavy pigmentation. They hatch at ca. 1.3 mm SL and develop quickly,
attaining an essentially adult configuration by ca, 5 mm SL.

96

2,0 mrnI.O

Figure 96. Cat/jonymus decoratus, 2.5 mm S L

D: Vl + 8 � 9; A: 8; P; 20; V: I, 5; C: 10; vertebrae: 20

Larvae of ca. 2.5 mm SL  Figure 96! are beyond the yolk sac stage, but
have not yet developed dorsal, anal, or caudal fin anlagen. They are moderately
deep-bodied and large-headed. The gut extends less than one-half the length of
the body  myomere formula 8 + 12!. The gas bladder is present anteriorly, but is
difficult to see. Single rows of melanophores lie along the dorsal, lateral, and
ventr'al midlines to about myomere 14 to 16. Lateral melanophores are present,
primarily along the rnyosepta between about myorneres 8 and 16. The tail is
unpigmented posterior to the midline series. Melanophores may occur in the anal
finfold between the anus and about myomere 14 to 16. The gut is pigrnented dor-
sally, dorsolaterally, and ventrally. The gas bladder is pigmented dorsally. Internal
rnelanophores lie just anterior to the symphysis of the cleithra. A few melano-
phores overlie the rnid- and hindbrain region, and others occur anteriorly on the
snout and lower jaw.

Larvae of ca. 3 mm SL  Figure 97! have complete pelvic, anal, caudal, and
second dorsal fins. The first three or four dorsal spines are discernible. The caudal
fin ls beginning to elongate and become pointed. Pectoral fin rays are absent. The
snout is beginning to elongate and the head to broaden. The gas bladder cannot be
seen. The myomere formula remains 8 + 12, although at this size myomeres are
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Figure 97. Callionymus decoratus, 2.9 mm SL

identification

very difficult to count owing to the heavy pigmentation. The pigmentation is
heavier laterally and extends caudad. Pairs of small rnelanophores lie at the base
o most dorsal fin rays  Figure 97!, The head pigment changes little, except that a
row of melanophores develops ventrally along the lower jaw.

By ca. 4 mm SL  illustrated in Watson, 1974! all fins are fully developed,
the snout has elongated further, and the head has flattened and become broader.
The preopercular spines first appear at ca. 5 rnm SL. Beyond this size range the
pigmentation increases generally and a black band develops along the distal half of
the first dorsal fin.

C. decofatus are easy to recognize and unlikely to be confused with other
species, except calHonymid larvae.

An unidentified callionyrnid, C-2, may be mistaken for C. decoratus. These
is inguis e y pigmentation patterns: C-2 is more heavily pigmented on the

head and lacks the dorsal midline melanophores posterior to the first dorsal fin at
sizes smaller than ca. 5 mrn SL. Specimens larger than ca. 5 mm SL are distin-
guis e by fin ray counts: C-2 has fewer dorsal spines and pe t I f
 D: lV + 10; P: 17!.

c ora in rays

Literature

Demir �972!, Mito �962c!, Watson �974!, Watson and Leis �974!



TETRAODONTI DAE

Tetraodontid 1  keke!

Adult rneristics

Genus D

10 � 11

7 � 12

9 9 � 11

16-18

15 � 17

14
16 � 18

10 � 11

9 � 13

9
9 � 12

Arothron

Lagocephaius
Sphoeroi des
Can thigas ter

Identification

Eggs
98

Larvae

Myomeres: 20. See Table 11 for fin ray counts.

TABLE 11. FIN RAY COUNTS OF HAWAIIAN TETRAODONTID GENERA

Hawaiian tetraodontid eggs have not been described in the literature. How-
ever, Fujita �966! described dernersal, adhesive, spherical eggs,0.61 to 0.70 mm
in diameter, with a cluster of small oil globules, from Lagocephalvs funaris
spadiceus. Uchida et al. �958! ascribed dernersal, strongly adhesive, spherical
eggs, with numerous oil droplets, to several Fugu species.

Tetraodontid larvae taken in nearshore surface plankton samples are usually
small. They are enclosed in a dermal sac, are somewhat elongate, and are rounded
anteriorly. The gut extends to less than one-half the length of the body, giving a
myomere formula of 7 + 13 at ca. 2 mm SL  Figure 98!. The gas bladder is large,
but not easily seen owing to the heavy pigmentation aver the gut region. The
nasal capsule is visible.

Pigmentation at ca. 2 mm SL  Figure 98! includes subdermal rnelanophores
extending dorsally and dorsolaterally from above the forebrain to about myamere
2 or 3 and another near the upper end of the preopercle. The gut region is heavily
pigmented anteriorly, dorsally, and dorsolaterally. The body is unpigmented pos-
terior to the anus.

By ca. 3.5 mrn SL  Figure 99! the gut has extended a little, giving a myo-
rnere formula of 9 + 11  the anterior myorneres are nearly impossible to count at
this size!. The upper pectoral fin rays are becoming ossified, but unpaired fin
anlagen are absent. The snout is becoming rather squared-off. The dorsal pigment
is denser and extends caudad to about the level of the anus. The number of
melanophores near the upper end of the preopercle is increased. The pigment on
the gut and ventrally on the hypomeres remains dense and extends two or three
myorneres caudad along the ventral margin. Midlateral rnelanophares extend from
about the level of the anus to two or three rnyomeres caudad. Melanophores Iie
on the hypomeres in the vicinity of the anus.

Larger larvae have a typical tetraodontid appearance and are easy to
recognize.

It should be pointed out that Tetraodontidae, as used here, actually refers
to the superfamily Tetraodontoidae, which includes both Tetraodontidae and
Canthigasteridae.

The presence of a dermal sac may lead to confusion among tetraodontid
larvae, some of the other Tetraodontiformes, and Lophiiforrnes. Among those
commonly encountered, tetraodontids may be distinguished from Meianocetvs

johnsoni by their higher anal fin ray counts  A: ~ 7 vs. A: 4, respectively!.
M. johnsoni is generally less heavily pigmented on the myomeres at the smallest
sizes and has a shorter gut. Female Mj ohnsoni larvae have a small illicium which
the tetraodontiformes lack. The gill opening in the older tetraodontiformes is at
the level of, and anterior to, the pectoral fin base. In Melanocetus, on the other
hand, it is below the pectoral fin base.

Diodontids and ostraciontids may be distinguished from tetraodontids by
being much deeper-bodied and more heavily pigrnented, more-or-less uniformly so
as compared with the tetraodontids. In addition, diodontids have much higher fin
ray counts  D: ~ >12; A: > ~12; P: > ~18!, while ostraciontids have lower fin ray
counts  D: < ~10; A: < ~10; P:   12!. Development of ostraciontid and diodontid
larvae is discussed and illustrated in Leis �978b!.

Literature

Fujita �966!, Leis �978b!, Uchida et al. �958!, Welsh and Breder �922!



Figure 98. Tetraodontid 1, 2.1 mm S L
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MOLI DAE

Ranzania laevis  makua!

Adult meristics

D: 17; A. 19; P: 13; V: absent; C: 20 � 21  nota true caudal fin!; vertebrae:
8+ 10

Eggs

R. laevis eggs are planktonic, spherical, and 'l.42 to 1.65 mm in diameter,
with 20 to 30 small oil droplets scattered on the surface of the yolk sac.

Larvae

Only an illustration of R. Jaevis is included  Figure 100!; development of
eggs and iarvae are described in Leis �977!.

Literature

Leis �977!, Schmidt �921a, 1921b!, Sherman �961!

2,0 rnm1.0

F igure 100. Ranzania  aevis, 3.1 mm S L



ME LANOCETIDAE

Melanocetus johnsoni

Identification

Adult meristics

Eggs

Literature

Larvae
Bertelsen �951!
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0: 13 � 15; A: 4; P: 17 � 21; V: absent; C: 9; vertebrae: 19 � 20

M. johnsoni eggs have not been described in the literature.

M. johnsoni larvae are short and deep-bodied, becoming rather rounded at
larger sizes. The body is almost completely enclosed in a dermal sac.

The smallest larvae, ca. 2 mm SL  Figure 101!, are slightly elongate and
lack fin anlagen. At this size pigment is restricted to the vicinity of the head and
gut. Embedded melanophores cover the dorsal and dorsolateral sides of the gut,
and a few lie subdermally below the pectoral fin base and over the foregut region.
The branchial and midbrain regions are pigrnented. Subdermal melanophores lie
just above the otic vesicles and on the first two or three myomeres, The dermal
sac is unpigmented.

Dorsal, anal, and caudal fin anlagen usually develop by ca. 2.5 mm SL. The
notochord is flexing and six caudal fin rays are discernible at this size. The
illicium  "fishing pole" ! is sometimes visible, inside the sac, in the interorbital
region. A band of melanophores usually lies on the peduncle, and a group lies dor-
sally just anterior to the origin of the dorsal anlage.

The anal and caudal fins are fully developed by ca. 3 rnm SL. Incipient
dorsal fin rays are discernible, and the pectoral fins remain undifferentiated.

By ca. 6 mm SL the dorsal fin is ossified and the pectoral fin is nearly
developed. The body remains encased in a dermal sac. The illicium is visible in the
interorbital region. The dorsal and caudal fin pigment areas have expanded con-
siderably and may join laterally at the level of the dorsal fin. Larval development
is discussed in greater detail in Bertelsen �951!.

Small M johnsoni larvae resemble small tetraodontiform larvae  e.g.,
Oiodontidae, Ostraciontidae, Tetraodontidae! in that they are enclosed in a der-
mal sac. Distinguishing characteristics are given in the "Tetraodontidae" section.

M. johnsoni can be distinguished from other ceratioids by its lack of pelvic
fins, its small pectoral fins, and its fin ray counts, These and other distinguishing
characteristics are discussed in Bertelsen �951!.
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Part II af this atlas is a summary of the temporal and spatial variation of
the ichthyoplankton in the nearshore waters of the three islands studied. Owing
to the high diversity and low density of larval fishes, only 40 species were taken in
adequate numbers to characterize their distributions. Twenty-seven of these are
represented on maps. The distributions of the approximately 200 additional spe-
cies taken  see Appendix! are unknown since, unless specifically mentioned in
their respective family sections, they were rare in the samples taken,

With a few exceptions, all samples were taken with a metered 500 pm mesh
� meter diameter! net towed at about 1 m sec ' � knots! with the rim of the net
protruding about 5 cm from the surface. Replicate tows were made at each sta-
tion. Tow time averaged about 10 minutes, i.e., about 600 m' of water was
strained.

Although obviously biased in excluding both extruded larvae and larvae
able to avoid such a net, all samples are considered equivalent. The net was han-
dled in the same way by the same field technicians, and problems associated with
clogging, e.g., stalling, was minimal. The net was washed after each tow if any evi-
dence of clogging was present,

The vast majority of larvae taken ranged from 3 to 8 mm SL.

The entire sample was preserved with formalin in the field and returned to
the laboratory where all larvae were removed, identified, and tabulated, Larval
numbers reported were standardized to number/1,000 m3.

Environmental data, consisting of at least 0,, salinity, temperature, and
seiche disc transparency measurements, as well as meteorological notes, were
recorded at each survey station. Of these environmental variables, only turbidity
was correlated with larval abundance  Miller, 1974!.

1974!. The remaining three parts constitute results from more intensive studies of
Kaneohe Bay, Oahu; Kahe Point, Oahu; and Maalaea Bay, Maui  Figure 102!.
These five sources of information, which were variously biased in the perspective
of a comprehensive spatial and temporal survey of the distribution of larval fishes
of Hawaii, are summarized below.

The purpose of these surveys was to yield an extensive picture of the rela-
tive abundance of larvae along various coastlines of the islands. As such, each of
the three islands was sampled as quickly as possible  usually in 3 days! to
minimize temporal variability, at least on a scale of days. All samples were taken
during daylight hours; consequently, no estimate of shorter-term  e.g., diel! vari-
ability was possible. All samples were taken by surface tows, and, because bays
were of primary interest, certain segments of the coastline  Figure 102! were sam-
pled less intensively than others. Segments of windward Maui and Oahu were
omitted entirely. Only winter and summer trips were possible; therefore only
gross  i.e., 6-month! seasonal changes were detectable. Peaks of abundance occur-
ring in spring and fall were not studied.

The 34 sampling locations are shown in Figure 102. At most of these loca-
tions, two stations were sampled, yielding a total of 56 winter and 57 summer
stations. One station was located as close to shore as the boat draft � m! or swell
permitted. The water depth at these shallow  hereafter termed inshore! stations
was usually about 5 to 10 rn  Table 12!. The second station was usually located
about 1 km offshore from the inshore station. These deep stations had an average
depth of about 30 to 40 m. At a few locations, sampling tows were made at deep
stations only. Although these deep stations were all within 2 km of shore, they
are referred to as offshore stations. At least replicate surface tows were made at
each station. The numbers reported are station means adjusted to a per 1,000 m'
of water filtered basis unless otherwise indicated. For convenience "per l,000
m'" is omitted when referring to larval density, except in figures. For example,
56 larvae/1,000 m' is given only as 56. These data are referred to as survey data.

SAMPL IN G LOCATIONS

The primary data base af Part ll is fivefold. The winter and summer data
are from 34 nearshore locations around Kauai, Oahu, and Maui  Figure 102!.
These, along with data from a separate study of Molokini, a small islet off south-
west Maui  Figure 102!, are the basis of an earlier, less detailed report  Miller,

Kaneohe Bay studies

Data for the Kaneohe Bay studies are from the results of this study as well
as Watson and Leis �974!, Watson �974!, and Miller �973!. In the Watson and
Leis study, surface samples were taken day and night biweekly for 13 months in
the Sampan Channel entrance and in the southern  more confined! portion of the
bay. Watson's study was on the investigation of the vertical distribution of fish



larvae in south Kaneohe Bay. Miller made horizontal neuston transects of the
bay's entire length.

Kahe Point, Oahu

The above studies together with this study which sampled Kaneohe Bay
intermntently over a span of 3 years provide the most complete data on seasonal
and diel variability of fish larvae in any Hawaiian bay. The larval fish fauna of
Kaneohe Bay, however, is quite different from that of most of the other inshore
habitats of the islands. Seasonal data on many species common in the more open
windward and leeward nearshore environments are missing. Although most of
these species occur in Kaneohe Bay intermittently, their presence there is prob-
ably more linked to hydrographic conditions than to spawning season. It does
appear, however, that certain seasonal peaks of abundance in the bay are typical
of many species  Watson and Leis, 1974!, and, lacking evidence to the contrary,
probably resemble at least the larvae of inshore adult residents of the same family.

Where data from other locations contradict such inferred seasonalities, they
are so noted in the accounts of individual species. It must be pointed out, how-
ever, that in every known case the spawning seasons are long, at least 3 to 6
months, and broad peaks are to be expected.
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Kahe Point was sampled intermittently over 4 years. Unlike Kaneohe Bay,
it is an open coast and the faunal composition is more representative of the
nearshore larval fish fauna of the islands in general. An added import of the data
at Kahe Point is that several 24-hour or longer series of samples at 2 to 6-hour
intervals were taken. These data are best estimates of �! the diurnal pattern of
variability and �! small-scale hydrographic variability of more open coasts.

A disadvantage of Kahe Point data is that the hydrography is influenced by
the warm effluent of a steam-electric generating station  discharge = 18 ms/sec!,
at least in the immediate vicinity of the shore outfall. This influence is constant,
however, and should not affect the hydrographic variability caused by tides or
seiches. It probably does augment any small-scale upwelling  Miller, 'l979!,
thereby resulting in the presence of more offshore  or deeper-water! larvae.



TAB LE 12. SAMPLING LOCATIONS, DATES, AND DEPTHS, 1971 � 74 Molokini Island

Depth
 mI1972

Location
Offshore
Station

Inshore
Station

Winter Summer

MAUI
29-40

6-7
4-18
5-9
5-9 22-32

22-40
5-9 25-36

27-29
58- 59

Maalaea Bay, Maui
13 � 18

5-11
5-11 36-68

25 � 185

KA UAI
36- 59
40-77
36-70

7-14
13 -16
6-14

29-45
22-23
29- 50

1095- 11
4-7"
7-11 29- 56

27- 58
16-32

7-11
9-11

Additional sources of larvaeOAHU
5-13

11 5-9
54 - 115
20- 36
22 � 25t
36- 385-18

4-11
5-11

41 -47t
40- 56
27 - 32t
65 - 104'
22- 36

5- 13'

14- 31
5- 25 45- 58

29-43
25-414-7"

3-5
7-12
5-Bt

27 - 128
36- 63
90- 279

"Not sampled in winter
tNot sampled In summer

Kahului Bay
Inside harbor
East
West

Honolua Bay
Kekaa
Lahaina
Hekili
Maalaea Bay
Ahihi Bay
La Perouse Bay
Molokini Island

Anah ala Bay
Kalihiwai
Hanal ei Bay
Kalalau
Barking Sands
Waimea Bay

West
East

Hanapepe Bay
Koloa Landing
Nawiliwili Harbor

Inside harbor
Harbor entrance

Waikiki
Ka ha la
Hawaii Kai
Hanaurna Bay
Sandy Beach
Kailua Bay
Moke pu
Kaneohe Bay
Wairnea Bay
Kaiaka Bay
Hale iwa Harbor
Mokuleia
Pokai Bay
Kahe Point
Barbers Point
Sand Island

02/'I 5
02!1 5
02/1 5
02/1 5
02/1 5
02/1 5
02/16
02/16
02/1 7
02/1 6
02/1 6
02/I 7

01/20
01 /20
01/20
01/21
01 /21
01 /21
01 /21
01 /21
01/21
01/22
01/22
O'I /22
01/22

02/08
02/08
02/08
02/08
02/08
02/08
02/08
02/08
02/09
02/09
02/09
03 /06
03/06
03/06
03/06
03/06

06/31
06/31
06/31
06/31
06/31
06/31
07/01
07/01
07/01
07/01
07/01
07/02

07/05
07/05
07/05
07/06
07/06
07/06
07/06
07/06
0//07
07/07
07/07
07/07
07/07

06/1 3
06/1 3
06/1 3
06/1 3
06/I 3
06/1 3
06/I 3
06/14
06/14
06/14
06/14
06/12
06/1 2
06/I 2
06/12
06/12

In addition to the survey, the waters off Molokini Island were sampled four
times over 2 years to investigate the effects of a small island and attendant current
flow interruption on the distribution of fish larvae  Miller, 1974!. Although
Molokini island is 4 km from the nearest major island  Maui!, no additional spe-
cies were taken there, and indeed the fauna closely resembled that of many near-
shore stations, attesting to the strong oceanic influence at the other nearshore
stations.

An ancillary diel series of samples was taken in Maalaea Bay during the win-
ter survey of the islands. The nocturnal composition of larval fishes differed both
qualitatively and quantitatively from the daytime composition.

In March 'I973, replicate daytime surface tows were made at four shallow
stations spaced at intervals of about 4 km along the southern coast of the bay.
These are referred to as south Maalaea Bay samples.

The sampling dates and certain station data are presented in Tables 12 and
13 for all of the studies above.

Throughout the 4-year investigation, specimens were periodically obtained
by dip-netting at night. This yielded many larger specimens than obtained by tow-
ing, but was qualitative only. Dip-netted specimens included the premetamor-
phic juveniles of many reef species, e.g., Scaridae, Labridae, Chaetodontidae,
Acanthuridae, and Mullidae. Dip-netting and the diel changes observed in the
fauna of Kaneohe Bay  Watson and Leis, 1974!, Kahe Point, and Maalaea Bay
suggest that a different distribution picture would emerge from nocturnal surveys,
although the larvae of most species were present during both day and night. Those
exhibiting exceptionally large diel changes in abundance are discussed in accounts
of individual species.

Finally, certain specimens were obtained for descriptive purposes only
from collections of midwater trawl samples, usually off leeward Oahu by the
National Marine Fisheries Service, Honolulu Laboratory; the Oceanic institute,
Waimanalo, Hawaii; and University of Hawaii investigators Thomas A. Clarke and
Richard E. Young.



Depth
Im!

No, of
SamplesLocation Date

03/71 to 04/72
Morning, afternoon,
and night biweekly

Kaneohe Bay"
Sampan Channel
South Bay

2-3
25

329

09/73
10/73
03/74

Kahe Polntt 5-40
4 - 54
5-18

42
42
28

08/72
12/72
03/73
08/73

Molokini Island 25 - 185
25 - 185
25-185
25 - 185

22
4

12
6

02/'72
Every 6 hours over
a 24-hour period

14-16Maalaea Bay

03/73Four stations at
4.km intervals from
Ahihl Bay northward

4-9

TABLE 13. DATA F ROM OTHER SAMPLING STUDIES

110 "Watson and Leis �974!; frequent other samples taken during 1971-74 in both South Bay and outside
Sampan Channel
tSee Leis �978! for details of other Kahe Point samples

Much of the sampling by Oceanic Institute was done in Manana Bay, Oahu,
between Kailua Bay and Sandy Beach  see Figure 102!.

Maps of distributions and characterization of the distribution of the near-
shore larval fish fauna are based mainly on the winter and summer surveys off
Maui, Kauai, and Oahu. These stations included highly stressed, enclosed bays
 e.g., Nawiliwili Harbor, Kauaij as well as the more pristine nearshore waters of
the islands  e.g., I a Perouse Bay, Maui!. These data adequately reflect the differ-
ent types of nearshore habitat and certainly comprise the most complete larval
fish survey of any tropical nearshore environment of comparable size. Additional
sampling at these locations at different times may yield somewhat different
results.

Further sampling, especially along open coastlines, would no doubt yield
small numbers of larvae of additional species. These would probably not signifi-
cantly change the overall characterization of the nearshore fauna. However, dif-
ferently biased gear would no doubt yield different results.

Inferences of spawning seasons are based primarily on data from Kaneohe
Bay  Watson and Leis, 1974; Watson, 1974j and Kahe Point.

Other sampling data  from Molokini Island and Maalaea Bayj are discussed
only in exceptional cases. Analyses are largely limited to the 10 most abundant
families. Where less abundant species or families showed strong seasonal or spatial
affinities, these are noted; however, most species occurred at densities too Iow to
permit generalizations of their seasonal or spatial patterns.



DUSSUMI E R I I DAE

Etrumeus teres

Stolephorus buccaneeri

Spratelloides delicatulus CHANI DAE

Chanos chanos

ENGRAULI DAE

Stolephorus purpureus

GONOSTOMATI DAE

Cyclothone sp.

F. teres was taken at only four stations, all inshore, during the survey. One
or two specimens each were taken at Hawaii Kai, Ahihi Bay, and Kailua Bay in
winter and a single individual at Honolua Bay in summer. The poor representation
in the catches was surprising, since F. teres eggs are common in Kaneohe Bay
 Watson and Leis, 1974!. However, few �00! larvae were taken there too, mostly
in spring. F. teres apparently spawns primarily in bays. The low densities of larvae
taken are probably attributed to two factors: �! larvae are relatively large at
hatching and probably adept at avoiding towed nets; and �! larvae are subsurface
inhabitants, being most abundant below the 3 m depth during the day and rnore-
or-less dispersed at night  Watson, 1974!.

S. delicatu/us larvae were not taken during this survey. Specimens were
taken by Leis at Kahe Point in February, July, and September, and also outside
Kaneohe Bay in June, July, and August. Oceanic Institute samples  unknown
date! from Manana Bay, Oahu contained a few larvae.

Stolepharus pvrpureus larvae were taken during the survey in about equally
small numbers during the winter and summer. The locations of positive catches
were all leeward protected bays or windward harbors: winter � Waimea, Nawiliwili
Harbor, Sand Island, Maalaea Bay, and Kahului Harbor; summer � Nawiliwili
Harbor, Hanapepe Harbor, Waikiki, and Kahului Harbor. With the exception of
Kahului Harbor in winter, all were shallow tows. Single tow densities ranged from
1.3 to 8.3 larvae/1,000 m'.

Although few larvae were taken, all positive catches occurred in vicinities of
known adult populations, corroborating the fact that S. pvrpureus is a "bay" spe-
cies  Watson and Leis, 1974; Tester and Hiatt, 1952!.

S. purpurevs larvae are vertically distributed as a function of size: yolk sac
larvae are most abundant at the surface during the night and morning and below

3 m during the afternoon, while older larvae are most abundant below 3 m at all
times  Watson, 1974!.

$. purpureus eggs are found throughout the year in bays  Watson and Leis,
1974!; larval abundance in Kaneohe Bay was characterized by primary peaks in
winter and spring,

S. buccaneerI' is encountered even less frequently than S. purpureus. None
were taken during this survey. Several specimens were taken off Mokapu, Kahe
Point, and Kaneohe Bay, all between September and November, and mostly at
night. None were taken in Kaneohe Bay  Watson and Leis, 1974!.

No Chanos chanos larvae were taken during this survey. All specimens were
caught at either Kahe Point or Kaneohe Bay; these were never abundant. All
specimens were taken from July to October, suggesting a fall spawning peak. Most
of the Kaneohe Bay specimens were taken in the Sampan Channel. This, and their
occurrence at Kahe Point, suggests an offshore distribution of larvae. The larvae
appeared to be more abundant at the surface at night.

Cyclothone sp. larvae accounted for about 74 percent of the gonostomatid
larvae taken during the survey; about four times the amount taken in the winter
were taken in the summer  Figures 103 and 104!. The distributions were similar
for both seasons, although the highest densities occurred in leeward inshore tows.
For example, an exceptionally large catch �01! occurred at the Lahaina inshore
station.

Watson and Leis �974! took several Cyc/othone sp. larvae from the
Sampan Channel in Kaneohe Bay in February, March, and June. No diel cycle was
evident. The maximum number caught in other samplings was 301 in south
Maalaea Bay in March. At the same time 171 were taken off Molokini Island.



Figure 103. Winter distribution of Cyclothone sp. larvae

Figure 104. Summer distribution of Cyclorhone sp. larvae



Cyclothone sp, larvae, like Ceratoscopelus larvae, occurred almost without excep-
tion in moderate numbers in other tows throughout the year.

Vinciguerria nimbaria

V. nimbaria larvae, like Cyclothone sp. larvae, were taken in most tows
during both seasons  Figures 105 and 106!. However, perhaps owing to consider-
ably smaller numbers, its distribution appeared more leeward, especially in
summer. Generally, more larvae were taken in inshore tows, although large
catches occurred in offshore tows at Nawiliwili Harbor, Barbers Point, and
Kahala. Numbers taken in winter and summer were about equal, although all of
the exceptionally large catches were taken in winter.

Watson and Leis �974! took only three larvae fram the Sampan Channel in
Kaneahe Bay. The largest catch of V. nimbaria in other tows was 33 in south
Maalaea Bay in March.

SYNO DONT I DAE

Trachinocephalus rnyops

Few T. myops larvae were taken during both the winter and surnrner sur-
veys. Single specimens were taken inshore in winter at Waimea Bay, Sandy Beach,
Maalaea Bay, and Ahihi Bay, One or two specimens were taken in offshore tows
at Hanalei Bay, Kahala, and Lahaina. In winter, single specimens were taken
inshore at Sandy Beach, Kahala, and Barbers Point and two from outside
Hanaurna Bay.

present in the positive tows, but a maximum density of 13.5 was taken inshore at
Lahaina in summer. AII but a single winter specimen at Nawitiwiii Harbor
occurred at leeward stations. About equal numbers of shallow and deep stations
yielded positive tows. Although not abundant, the distinctly leeward distribution
of this species is probably real.

The largest single-tow density was 47 larvae/1,000 m' at Malokini Island in
March.

MYCTOPHI DAE

Ceratoscopelus warmingi

C. warmingi were the most ubiquitous larvae encountered during the
survey, being taken at 38 of 57 surnrner stations  Figure 107! and 39 of 56 winter
stations  Figure 108!. The maximum density  80! was inshore at Lahaina in
summer, but several specimens were taken at most other stations. Slightly fewer
larvae were taken in winter. The highest densities occurred in shallow tows along
leeward coasts both in summer and winter.

Watson and Leis �974! took specimens of C. warmingi larvae in Kaneohe
Bay year-round; however, most were taken in late winter and early spring. Densi-
ties averaged about one. C, warmingi larvae were taken year-round at nearly all
other sampling locations at densities similar ta the survey densities  Figures 107
and 108!. Exceptionally large catches were recorded at Molakini Island �31! in
March  Miller, 1974! and in Maataea Bay �83!. None of the day-night com-
parisons  Kaneahe Bay included! showed a strong diei difference.

The largest catches in the other samples were from Malokini Island in
March: densities ranged from 2.2 to 23.8 in single taws,

Prejuveniles were nearly always attracted to lights at night and could easily
be caught by dip-netting.

CHLORQP HTHALIII DAE

Ghlorophthalmus proridens

C. proridens larvae were taken in smail numbers at six survey stations in
winter and 10 stations in summer. Generally only one or two specimens were

Diaphus spp.

Diaphus spp. larvae showed distributions similar ta Ceratoscopelus larvae,
that is, mostly leeward with greater densities in shallow tows  Figures 109 and
110!. Diaphus spp. larvae, like Ceratoscopeius larvae, were about equally abun-
dant during both winter and summer. However, considerably lower densities
of Diaphus spp. were found  maximum was 30 inshore at Honolua Bay in
summer!.

Ceratoscopelus warmingi and Diaphus spp. larvae were about equally
abundant in Kaneohe Bay  Watson and Leis, 1974!, and both were more abun-
dant from late winter through early spring. No diel pattern was detected, Unlike
C. warmingi, Diaphus spp. larvae were not particularly abundant at Molakini



Figure 105. Winter distribution of VI'nciguerria nimbaria larvae

Figure 106. Surnrner distribution of Vinciguerria nimbaria larvae



Figure 107. Winter distribution of Ceratoscopelus warmingi larvae

Figure 108. Summer distribution of Ceratoscopelus warmingi larvae



Figure 109. Winter distribution of Oiaphus spp. larvae

Figure 110. Summer distribution of Oiaphus spp. larvae



Hygophum prox imum

ATHE R INIDAE

Pranesus insularurn

Lampadena spp.

EXOCOETIDAE

Cypselurus spp.
Iso hawaiiensis

Island in March, when they occurred in exceptionally high densities  maximum
83! in south Maalaea Bay.

H. proximum larvae were taken during both summer and winter, but
in considerably greater numbers in winter  Figures 111 and 112!. Like
C, warmingi and Oiaphus spp. larvae, their distribution was mainly leeward. The
maximum densities were at Sand island �9! and Kahala �1.5!. Generally, one or
two specimens were taken at the other stations. Six of the eight positive summer
tows and 11 of the 15 positive winter tows were inshore.

In Watson and Leis' �974! study of Kaneohe Bay only 10 larvae were
caught from February through June. There were no exceptionally large catches in
any of the other sample tows.

I.ampadena spp. larvae were taken in about the same numbers as Hygo-
phum  Figures 113 and 114!. However, Lampadena spp. larvae were not as
confined to leeward coasts as Hygophum and were even less confined to inshore
tows. Considerably more larvae were caught in winter than summer  maximum
16.6 at Mokapu!. Most of the Lampadena spp. larvae were taken off Oahu.

Lampadena spp. were the third most abundant myctophid larvae taken in
Watson and Leis' �974! survey of Kaneohe Bay; most larvae were taken in winter
and early spring. Lampadena spp. larvae were taken in small numbers at most
other stations in winter or spring. An exceptionally targe catch �7! was taken in
south Maalaea Bay in March.

Two unidentified species of Cypse/urus  sp. 1 and sp. 2! were taken during
the survey. Since their summer distributions were nearly identical  Figures 115
and 116! they are described together. Ouring the winter only six larvae � 4 Cyps,
and 2 Cyps,� were taken at five stations off Maui and Oahu. Ouring the summer
Gyps, and Gyps, were taken at 15 and 22 stations, respectively  Figures 115 and
116!, at both inshore and offshore stations. Off Kauai and Maui mostly windward

stations were positive; off Oahu they were absent mainly from the north shore.
The largest catches were Cyps, at Kalihiwai  'I6.7! and Gyps, at Barbers Point
�0.8! and Hanalei Bay �0.3!.

Watson and Leis �974! took 70 exocoetid larvae, mainly from the Sampan
Channel in Kaneohe Bay at all times during the year. They were rare in samples
from other locations.

P. insuiarum is primarily a bay species  Gosline and Brock, 1960! and the
larvae are similarly distributed. AII were taken in inshore tows and most of these
were near or in bays or harbors. Two positive taws occurred during the winter sur-
vey; one larva each was caught at Hanalei Bay and Ahihi Bay. In surnrner, 10
tows were positive; most had a single specimen  Hanapepe Harbor, Kahala, Sandy
Beach, Kailua Bay, Pokai Bay, and Kahe Point!. Two positive taws occurred at
Kahului Harbor; one of the tows yielded the maximum number �7! encountered
anywhere during the survey. Two specimens were taken in a single tow at Kahului
Harbor.

In their study of Kaneohe Bay, Watson and Leis �974! found P. insuiarum
year-round with a peak of abundance in summer and fall �5 larvae/1,000 m'!.
In another study of Kaneohe Bay, Miller �973! reported the occurrence of this
species in neustonic daytime tows. Their numbers decreased from the southern
enclosed portion of the bay toward the more open northern portion of the bay.
Watson and Leis �974! found an increase in numbers at night.

P. I'nsularum larvae are restricted to the upper 5 m of southern Kaneohe
Bay during the day and are most abundant in the upper 40 cm. At night they
became somewhat dispersed, but remain more abundant near the surface  Watson,
1974!.

I. hawaiiensis larvae are much rarer than P. insularum larvae, Only two were
taken during the survey, one each at Sand Island  offshore! in winter and at the
east entrance of Kahului Harbor in summer. Watson and Leis �974! encountered
this species once in the Kaneohe Bay Sampan Channel. Perhaps this larva has a
more offshore distribution, as evidenced by the encounter of relatively high



Figure 111. Winter distribution of Hygophum proximum larvae

Figure 112. Summer distribution of Hyllophum proximum larvae



Figure 113. Winter distribution of Lampadena sp. larvae

Figure 114. Summer distribution of Lampadena sp. larvae



120 Figure 115. Summer distribution of Cypselurus sp. 1 larvae

Figure 116. Summer distribution of Cypselurus sp. 2 larvae



numbers in Wairnanalo Bay, Qahu, by workers at Oceanic Institute  W. Madden,
1973: personal communication!.

K YP HOS I DAE

Kyphosid larvae were taken in small numbers during both winter and sum-
rner. In winter they occurred off all three islands  Figures 'I17 and 118!. In
summer all kyphosid larvae, except one at Barbers Point, Oahu, were taken off
Kauai. Since no other species was taken in summer exclusively off Kauai, it seems
unlikely that unusual hydrographic conditions were responsible. An alternative
explanation may be that the summer kyphosids were a different species.

Five of the eight positive summer tows and 12 of the 17 winter tows were
conducted offshore. No windward or leeward trends were indicated,

Kyphosid larvae were taken in other samples with about the same fre-
quency and nearly all in winter � from October to March. Several larvae were
taken off Kahe Point in July; these may also have been different species. Nine
larvae were taken during the Kaneohe Bay survey during the January to April
interva I.

MUL LI DAE

Considerably more mullid larvae were taken in summer than in winter
 Figures 119 and 120!, although three of the largest catches occurred in winter at
Kalalau �8!, Mokuleia �6!, and Molokini Island �3.'I!. No obvious affinity for
leeward or windward shores was indicated; however, the vast majority of larvae
were taken in offshore tows, This latter pattern differs from most other species.

In Watson and Leis' �974! study, only 18 larval mullids were taken from
the Sampan Channel in Kaneohe Bay in winter and spring. Mullid larvae were
infrequently encountered in other samples.

SERRANIDAE

Serranid Sr-5  Anthiinae!

Serranid larvae occurred at only seven stations during the survey. In sum-
mer, single specimens were taken off Kauai in inshore tows at east Waimea Bay
and at Hanapepe Harbor and in one offshore tow at Kalalau. In winter, one
serranid larva each was taken in inshore tows at Waimea Bay and Sandy Beach.
Serranid larvae were taken in offshore tows at Waimea Bay � specimen! and
Sandy Beach � specimens!.

None were taken from Kaneohe Bay  Watson and Leis, 1974!; however,
some were taken at Kahe Point.

APOGONI DAE

Foa branchygrarnma

F. branchygramma was the most common apogonid larva taken during the
survey; however, its numbers were never high. Most of the larvae taken during the
survey occurred in summer  Figure 121!. Eight larvae were taken in inshore tows
in winter: one each at Hanatei Bay, Hanapepe Harbor, Kahala, Honolua Bay, and
La Perouse Bay and three at Ahihi Bay. Two larvae were taken in winter tows off
Mokapu.

Watson and Leis �974! found considerably greater numbers of F. branchy-
gramma larvae in Kaneohe Bay throughout the year, with spring and fall peaks of
200 and 140, respectively. More larvae were present at night than during the day.
The vertical distribution and migration responsible for these diel changes in
Kaneohe Bay are described in Watson �974!.

No exceptionally large catches occurred at any of the other stations.

Metamorphic stage and juvenile mullids were frequently taken by dip-
netting at night near shore.

CARANGIDAE

Carangid larvae appear to be divisible into two groups according to their
distribution. Caranx mate and Gnathanodon speciosus larvae are conspicuous
components of the larval fish fauna of Kaneohe Bay  Watson and Leis, 1974! and
probably other semi-enclosed bays of Hawaii. Neither was taken more than once
or twice during the survey. The other group, represented by Seriola sp., and
Trachurops crumenophthalmus, and at least six unidentified types, comprised



122
f Kyphosus sp. larvae

Figure 118. Summer distribution of Kyphosus sp. larvae



Figure 1'J9. Winter distribution of Mullidae lawae 123

Figure 120. Summer distribution of Mullidae larvae



124 Figure 121. Summer distribution of Foa brachygramrna larvae

over 80 percent of the carangid larvae taken, suggesting a more offshore distribu-
tion. The adults of both groups are known to occur both in and out of bays.

Seri ola sp.

Seriola sp. larvae were much less cornrnon during the survey than T. cru-
menophthalmus, Too few specimens were taken to adequately describe the
distribution, but they appeared to be more evenly distributed both windward and
leeward than T. crumenophthalmus. Seriola sp. larvae occurred at more stations in
summer than in winter, but the total numbers taken were similar  F igures 122 and
123!. Most of the larvae were taken in offshore tows, differing from the pattern
of T. crumenophthalmus.

Watson and Leis �974! described Seri ola sp. larvae as rare in Kaneohe Bay:
only 21 specimens were taken from the Sampan Channel from December to May.
No large catches of Seriola sp. larvae occurred in any other tows, although this
species was rather frequently encountered in small numbers.

Trachurops crumenophthalmus

T. crumenophthalmus larvae were taken only in summer, mainly at the lee-
ward stations. The maximum densities were 14.6 at offshore Sand island and 13.5
at inshore Lahaina. Two or three larvae were taken from east Kalalau, La Perouse
Bay, IVlaalaea Bay, Hawaii Kai, Barbers Point, and Hanapepe Harbor, mainly in the
inshore area.

Watson and Leis �974! took more from Kaneohe Bay.

GORY PHAENl DAE

Coryphaena hippurus

The summer distribution of C. hippurus was largely leeward  Figure 124!;
larvae were about evenly distributed among inshore and offshore stations. Larvae
were nearly always encountered in low densities during the survey; the maximum
single tow density �1.1! occurred at Hanalei Bay. Most of the positive tows con-
tained one or, less frequently, two larvae; hence, their distribution decidedly
tends toward uniformity.



Figure 122. Winter distribution of Seriola sp, larvae 125

Figure 123. Summer distribution of Seriola sp. larvae



Figure 124. Summer distribution of Coryphaena hippurus larvae126

Eupomacentrus fasciolatus
POM ACE NTR I DAE

Abudefduf abdominalis

From the habits of adults, C. hippurus larvae might be expected to show
the same pattern as tuna  Scombridae! larvae; however, they did not. Scombrid
larvae were much less uniformly distributed around Hawaii, suggesting different
responses to currents, etc.

During the winter survey, only five specimens were collected off Kauai,
four off Oahu, and one off Maui. The pattern and average density off Oahu in
April were similar to those in summer, so a broad summer spawning season is indi-
cated, with less spawning activity in winter. C. hippurus larvae in all other samples
followed this pattern,

A. abdominalis larvae were about twice as abundant in summer as in winter,
but their distribution was about the same for both seasons  Figures 125 and 126!.
A. abdominalis larvae were about equally abundant on the windward and leeward
coasts and in shallow and deep taws. Most of the larvae were caught off Oahu.

Watson and Leis �974! found A. abdominalis larvae year-round in
Kaneohe Bay with a peak of abundance in early spring. Their maximum catch,
however, occurred in October �40 larvae/1,000 m~!. No strong diel cycle was
apparent. Watson �974! found A. abdominalis larvae were most abundant in the
upper 3 m of the water during the day, but the larvae dispersed somewhat by late
afternoon and at night. They remained more abundant toward the surface at
night, however. A. abdominalis larvae were taken regularly at other stations
throughout the year, with maximum catches of abut 50 larvae/1,000 m' at south
Maalaea Bay and off Molokini Island in March.

E. fasciolatus larvae were the second most abundant of the pomacentrid
species, but considerably less abundant than A. abdominalis. Their distributions
were quite different. About equal numbers of E. fasciolatus larvae occurred in the
winter and summer tows  Figures 127 and 128!, about 90 percent occurring in
sha liow tows.

Watson and Leis �974! did not distinguish E. faseiolatus from A, abdomi-
nalis in their analyses; however, the proportion was about the same as the survey.



Figure 125. Winter distribution of Abudefduf abdominaiis larvae 127

Figure 126. Summer distribution of Abudefduf abdominalis larvae



128 Figure 127. Winter distribution of Eupomacentrus fasciolatus larvae

F igure 128. Summer distribution of Eupomacentrus fascioiarus larvae



LAB RIDAE

Labrid L-3

SCOMBR IDAE

129

Auxis sp.

SCOMBROLABRAC I DAE

Scombroiabrax heterolepis

GEMPYLIDAE

Thunnus albacares

Eighty percent A. abdominalis and 20 percent E. fasciolatus larvae were often
taken in the other tows. No exceptional catches were recorded.

Labrid L-3 larvae occurred infrequently and in low densities at both wind-
ward and leeward stations in both winter and summer. Six of the seven stations

which yielded positive tows in summer were located off Kauai and five of these
were offshore. A single larva was taken at Kahe Point  inshore! in summer. In win-
ter, no larvae were taken off K.auai, but they were present in offshore hauls from
three stations off Oahu and two off Maui. All but two positive tows contained a
single larva,

The largest catches of Labrid L-3 larvae occurred at Molokini Island in
March, with a maximum single catch of 233 larvae/1,000 m'. Watson and Leis
�974! took few larvae from Kaneohe Bay. This species was not encountered in
the other tows.

Only five specimens of S. heterolepis larvae were taken during the winter
survey; one each inshore at Waimea Bay, Kahala, Honolua Bay, and Barking
Sands, and one offshore at Lahaina. Additional specimens were taken at Kahe
Point between September and April. The few larvae taken suggest winter spawn-
ing. None were taken from Kaneohe Bay  Watson and Leis, 1974!.

All gernpylid larvae were lumped together because only Gempylus serpens
larvae were identified to species in the survey samples. About three-fourths of the
gempylid larvae taken were G. serpens.

About equally small numbers of gempylid larvae were taken in winter and
summer  Figures 129 and 130!. About three-fourths of the gempylid larvae were
taken at the offshore stations. The modal number of specimens in the tows was
one, so gempylids appear to be widely distributed. No windward-leeward pattern

was apparent. The maximum single tow density was 5.8 at Molokini Island in
summer.

Watson and Leis �974! took nine larvae in daytime samples from the
Kaneohe Bay Sampan Channel from October to May, An exceptionally large
catch �5.6! of G. serpens larvae occurred at Molokini Island in March 1973, but
larvae occurred with similar frequencies and density as the survey in all other
samples.

At least six species of scombrid larvae were taken during the survey and in
other samples. In decreasing order of abundance, the six larval species in the sur-
vey samples were Thunnus albacares, Auxis sp., Thunnus obesus, Acanthocybium
solandri, Euthynnus affinis, and Scomber australicus. In addition, some species of
Katsuwonus pelamis larvae were taken in other samples. Over 80 percent and 15
percent of the scombrid larvae taken were T. albacares and Auxis sp., respectively.
Over 99 percent of the scornbrid larvae were taken in summer.

Auxis sp. larvae ranked second in nearshore abundance among scornbrids
and occurred, like T. albacares, almost exclusively in summer. Their distribution
in summer  Figure 131! was more restricted than T. albacares, and none were
taken off Kauai during this season. The only winter occurrence of Auxis sp. larvae
was a single specimen off Poipu. The rnaxirnum density of Auxis sp. larvae
occurred inshore at Hawaii Kai �2.3! and Kahala  'l3,7!.

Watson and Leis  'I974! took one Auxis sp. larva from Kaneohe Bay in
March, Other samples showed similarly low numbers and a predominant summer
distribution.

T. albacares larvae were widely distributed in small numbers during the
surnrner  Figure 132!. Usually one or two specimens were taken at a station; how-
ever, densities of 49 inshore at Lahaina, 25 off Molokini Island, and 22.2 at
Mokuleia were exceptions. No larvae were taken in the winter survey. T. albacares
larvae occurred at many nearshore stations in low densities and, infrequently, at
densities far exceeding the average density  ca. 4 larvae/1,000 m'! in the more



130 Figure 129. Winter distribution of Gempylidae larvae

Figure 130. Summer distribution of Gernpylidae larvae



Figure 131. Summer distribution of Auxis sp. larvae

Figure 132. Summer distribution of Thunnus a bacares larvae



Thunnus obesus

Acanth ocybium solan dri
GOBIIDAE

Psilogobius rnainlandi

Scomber australicus

132

Katsuwonus pelamis

Euthynnus yaito = E. affinis

Euthynnus affinis

open waters of the Central Pacific  Strasburg, 1960!, The other samples showed
the same pattern.

Watson and Leis �974! took only 13 larvae from Kaneohe Bay on five
occasions from March to July. Summer samples at Kahe Point showed similarly
low densities, with outstanding exceptions in July 1972 and July 1973. During
these months, the number of T. albacares larvae was as high as 441. Further
discussion of these nearshore occurrences of scombrid larvae is found in Miller
�979! .

Seven larvae were taken in summer only: one each at Barking Sands and
offshore of Waimea, two inshore at Lahaina, and three off Molokini Island. None
were taken at other stations.

S. australicus, like A. solandri and other scombrid larvae, were rarely
encountered. In winter, single specimens were taken off La Perouse Bay and
Barking Sands. In summer a single specimen occurred inshore at east Waimea Bay,
None were taken in other samples.

A single K. pelamis larva occurred off Kahata in summer.

E, yaito larvae occurred only in summer with single specimens taken
inshore at Honolua Bay and west Waimea Bay and offshore at Kahala and Sand
Island. None were taken in other samples.

E. affinis larvae were taken at two stations in summer inshore at Kahe
Point �,4! and offshore at Kahala �.8!. Watson and Leis �974! took 16

larvae in the Kaneohe Bay Sampan Channel in March. This was the only other
occurrence.

T. obesus larvae also occurred exclusively during the summer. Single speci-
mens were found in two tows at east Waimea Bay and inshore at Kahala and also
inshore at Barbers Point. Off Kahala the density was 7.1. None were taken in
other samples.

P. maInlandi larvae appeared to reflect the distribution of gobies in general.
Gobies, consisting of 13 types, occurred at most stations and in no definite pat-
tern  Figures 133 and 134!. P mainlandi larvae occurred at much lower densities
and at fewer stations  Figures 135 and 136!. In both cases, most of the highest
densities were leeward, but relatively high densities also occurred at windward
stations.

About the same number of P. mainfandi larvae were found in winter as in
summer. Positive catches were about evenly distributed among shallow and deep-
water tows; however, all of the exceptionally large catches occurred in shallow
water.

Most gobies, certainly P. mainlandi, appear to spawn year-round; however,
since the taxonomy is poorly understood and each type comprised a small frac-
tion of the catch, little else can be inferred.

The 21 "types" of gobies found in Kaneohe Bay  Watson and Leis, 1974!
appeared to exhibit spring and fall peaks of abundance. Owing to the poor state
of taxonomy, the contributions of individual species to this pattern are unknown.
P. mainlandi larvae were frequently taken in small numbers in other taws. Gobies
were about five times more abundant at night than during the day in Kaneohe
Bay  Watson and Leis, 1974!.



Figure 133. Winter distribution of Gobiidae larvae 133

Figure 134. Summer distribution of Gobiidae larvae



134 F figure 135. Winter distribution of Psi logo&i us main andi larvae

Figure 136. Summer distribution of Psilogabius mai nlandi larvae



TRI PTERYG IIDAE

Tripterygion atriceps

7. atrieeps larvae occurred at most stations in about equal numbers during
both summer and winter  Figures 137 and 138! and at higher densities than most
other species. Ninety-one percent of all T. atriceps larvae were taken in shallow
tows. Apparently T. atrioeps are better able to avoid being carried offshore than
most other species of similar size. Moderate and high densities occurred both
windward and leeward.

Watson and Leis �974! found summer and winter peaks of abundance in
the Kaneohe Bay Sampan Channel. No strong diel pattern was indicated. Studies
by Leis �978! at Kahe Point have disclosed relatively high densities of T. atriceps
larvae mid-way in the water column in shallow water � m!. Perhaps the larvae
at ca. 4 mm SL simulate the behavior of the small �.5 cm! adults in hiding in
coral heads. This might also explain their marked inshore distribution. Also, it is
possible that these larvae were considerably older than similar-sized larvae. No
exceptional catches occurred in other samples, although T. atriceps larvae were
commonly taken.

NOME IDAE

Cubiceps pauciradiatus

BL ENN I IDAE

Enchelyurus brunneolus

E. brunneolus larvae were taken during both summer and winter off all
three islands  Figures 139 and 140!. Considerably higher densities were encoun-
tered in summer than in winter, and more larvae were caught off Qahu and Maui
than Kauai. In general, greater concentrations of larvae occurred at windward
stations. At stations where E. brunneolus larvae were taken both offshore and
inshore, the latter usually had higher densities. The highest abundance of
E. brunneolus larvae encountered was along windward Oahu. E. brunneolus larvae
comprised from 42 to 55 percent of the total catch in the vicinity of Kailua Bay
in summer. Another high percentage �5 percent! occurred off Kahului Harbor,
Maui, also in summer.

Watson and Leis �974! took E. brunneolus larvae all year in Kaneohe Bay,
mainly from the Sampan Channel. More larvae were caught during the day than
at night. E. brunneolus larvae concentrate near the surface during the day and
disperse over the upper 5 rn at night  Watson, 1974!.

No exceptionally large concentrations of E. brunneolus were encountered 135
at other stations.

Exa llias brevis

C. pauciradiatus larvae were taken only in summer and in small numbers.
Single specimens occurred at east Waimea Bay, Hanapepe Harbor, Sand Island,
and Hawaii Kai; three specimens were taken in Hanauma Bay. C. pauciradiatus
larvae were slightly more abundant off leeward Maui, Two or three larvae were
taken in La Perouse Bay, off IVlolokinI island, off Lahaina, and off Kekaa. The
largest catch �'I! occurred inshore at Lahaina.

Watson and Leis �974! found three C. pauciradiatus larvae in the Sampan
Channel in June. Nomeid larvae were rare in other samples.

E. brevis were taken at nearly all stations during both surnrner and winter
{Figures 141 and 142!. They were slightly more abundant in winter, with the
highest catches at the more windward stations. The highest abundance �9!
occurred at the inshore station in Anahola Bay, Kauai in winter.

E. brevis was the third most common blenny larva taken by Watson and
Leis �974! in the Sampan Channel of Kaneohe Bay. This species was rare in their
samples of the inner bay.

The distribution of E. brevis larvae is probably representative of most small
 ca. 4 mm! salariine and blenniine blenny larvae. Larger  ca. 5 to 6 mrn! Cir-
ri pectus and Entomacrodus marmoratus larvae were taken infrequently during the
survey; however, those that were taken were mainly from offshore tows. For
example, exceptionally large catches of E. marmoratus �31 larvae/1,000 m' ! and
Cirripectus  88 larvae/1,000 ms ! occurred at Molokini Island in March.



136 Figure 137. Winter distribution of 7'ripterygion atriceps larvae

Figure 138. Summer distribution of Tripterygion atriceps larvae



Figure 139. Winter distribution of Enehelyvrus brunneolus larvae 137

Figure 140. Summer distribution of Enchelyurus brunneolus larvae



138 Figure 141. Winter distribution of Exallias brevis larvae

Figure 142. Summer distribution of Exallias brevis larvae



SCHI NDLE RI IDAE

Schindleriidae pietchmanni

TETRAODONTIDAE

139

SCO R PAE N I DA E

MOLIDAE

Ranzania laevis

GAL LI ONYM I DAE

Schindleria pietchmanni was about 10 times as abundant as S. praematurus.
They are discussed together since there were no obvious differences in their distri-
butions.

Schindleria larvae  or sub-adults! were taken during both summer and win-
ter in about equal numbers. The vast majority of larvae were taken in shallow
tows from both leeward and windward stations  Figures 143 and 144!.

Watson and Leis �974! found a similar ratio of the two species in their
Kaneohe Bay study and took virtually all of their specimens at night. In view of
this marked diurnal pattern, the numbers taken during the survey are even more
exceptional. The maximum number of S. pietchmanni taken by Watson and
Leis was 625 larvae/1,000 m' in July. Schindleria larvae were infrequently
encountered in other day samples; however, they were common in night tows
everywhere. At night, both were taken only in the upper 5 m of southern
Kaneohe Bay, while the single S. pietchmanni taken during the day was from a
3-m depth  Watson, 1974!.

Scorpaenid S-3 larvae were taken in about equally small numbers during
both summer and winter and in both inshore and offshore tows. All but three of

the 22 positive tows contained a single larva. There was no obvious windward or
leeward distributional pattern. This larva occurred consistently in small numbers
throughout the year in samples from Kahe Point and Molokini Island. Watson and
Leis �974! encountered scorpaenid larvae even less frequently in the Kaneohe
Bay Sampan Channel.

Callionyrnid larvae  Pogonymus and Callionymus! had similar distributions
and both were taken infrequently. Of the 22 positive tows, 16 contained a single
individual. The inshore bay distribution of adults of both species  Gosline, 1960!
was reflected by the larvae, Most of the positive tows were in or near shallow,
relatively enclosed bays or harbors. About equal numbers were taken during win-
ter and summer.

Watson and Leis �974! took C. decoratus  up to 12 larvae/1,000 m'! from
Kaneohe Bay all year, but more in winter and spring and more inside the bay than
in the Sampan Channel. Unlike the survey, however, few P. pogognathus were
taken. Watson and Leis �974! took significantly more callionymid larvae at night
than during the day. C. decoratus larvae in southern Kaneohe Bay displayed a
bimodal vertical distribution, being most abundant day and night above 3 m and
below 5 rn  Watson, 1974!.

At present the five Hawaiian species  Gosline and Brock, 1960! of
tetraodontid larvae  excluding Canthigasteridae! cannot be differentiated, so the
distribution data presented are for the family as a whole.

Tetraodontid larvae were taken at 31 stations in summer and 9 stations in

winter  Figures 145 and 146!. In both seasons their distribution was predomi-
nantly leeward. Most larvae were taken off Maui; none was taken off Kauai in
winter. Although extensively distributed in summer  Figure 146! the larval den-
sity was never high  maximum of 21.5 at Ahihi Bay and 33 at Barbers Point!. At
most other stations one or two individuals were taken.

Watson and Leis �974! took only seven larvae from Kaneohe Bay; no
exceptional catches were recorded in other sampling.

In winter R. laevis larvae occurred at all except two Kauai stations, at all
except four leeward stations on Oahu, and at only four stations on Maui  Fig-
ure 147!. Exceptionally high densities were encountered off Kailua Bay �09!,
Kahala �87!, and Hanalei Bay �02!. Where larvae occurred at both inshore and
offshore stations, offshore densities were nearly always higher, suggesting an off-
shore source of larvae.

Several Ranzania larvae were taken off Molokini Island in March  maximum
single tow density 90! and a few larvae were taken off Kahe Point in March. None
were present in the August or October Molokini Island or Kahe Point samples,
suggesting a winter spawning season from December to April or May.



140 Figure 143. Winter distribution of Schindleriidae larvae

Figure 144. Summer distribution of Schindleriidae larvae



Figure 145. Winter distribution of Tetraodontidae larvae

Figure 146. Summer distribution of Tetraodontidae larvae



142 Figure 147. Winter distribution of Ranzania nevis larvae

ME L.ANOC ET I DAE

Melanocetus johnsoni

M. j ohnsoni occurred in a higher percentage of tows off Kauai as compared
with either Oahu or Maui. This basic distributional pattern resembles that of
Ranzania  aevis. Generally, low densities were encountered during both winter
and summer  Figures 148 and 149!. About equal numbers occurred during winter
and summer in inshore and offshore tows. !If. johnsoni larvae were absent from
tows made off windward Maui and the northwest half of Oahu.



Figure 148. Winter distribution of Me anocetusj ohnsoni larvae 143

Figure 149. Summer distribution of Meianocetusjohnsoni larvae



PATTERNS OF DISTRIBUTION

Abundance of larvae

The mean abundance of fish larvae at all 117 stations was 94  standard
deviation = 98!. The range was from 1 to 511. Mean abundance  and standard
deviation! figures for the individual islands were: Kauai 66 �1!, Oahu 121 �08!,
and Maui 95 �04!.

true for summer data  Figure 151!, but to a lesser extent, There appeared to be
no pattern for offshore station abundances for either season.

The increase in mean abundance between winter �3! and summer �11!
occurred mainly at inshore stations: winter 79; summer 152. The mean abun-
dance at offshore stations increased only slightly from 78 in winter to 81 in sum-
rner. The inshore variability  standard deviation! increased from 79 in winter to
137 in summer; respective offshore values were 78 and 64.

The all-island mean abundance in winter was 73 �9!. By island the figures
were Kauai 67 �9!, Qahu 109  97!, and Maui 42 �1!. Corresponding mean
abundance figures in summer were: all islands 116 �11!, Kauai 66 �3!, Oahu
135 �16!, and IVlaui 148 �22!.

Separating the data into inshore and offshore categories yielded the follow-
ing respective mean abundances  standard deviations!: all islands 118 �17! and
71 �1!, Kauai 62 �3! and 7'I �9!, Qahu 157 �14! and 87  91!, and Maui
134 �34! and 56 �9!, By season these inshore and offshore means were as
follows: winter � all islands 83 �9! and 62 �8!, Kauai 63 �6! and 71 �0!, Oahu
135  89! and 82 �04!, and Maui 52 �9! and 32 �5!; summer � all islands

144 152 �37! and 81 �4!, Kauai 62 �'I! and 70 �4!, Oahu 178 �38! and 92  81!,
and Magi 215 �62! and 50 �7!.

The all-island average abundance in winter �3! was significantly different
from surnrner �16!  F-test, p   0.01!. Similarly, the difference between mean
inshore �18! and offshore �1! abundance was significant  F-test, p   0.01!.
When separated by season, the summer difference remained significant  p   0.01!,
but the winter difference did not. The inshore-offshore difference was significant
for both seasons on Maui, but was not significant for either season on Kauai or
Oahu,

Although insignificant, the differences between inshore and offshore abun-
dance off Qahu, especially in summer, were considerably greater than that for
Kauai.

The abundance of fish larvae was thus lower in winter than in summer and

lower at the offshore stations than at the inshore ones. And, especially in the case
of Maui, the numbers were less variable offshore than inshore.

The lowest inshore station abundances in winter  F igure 150! occurred at
the stations in semi-enclosed bays or harbors, e.g., Nawiliwili Harbor, Hanapepe
Harbor, Kaiaka, Haleiwa Harbor, Kahului Harbor, and Maalaea Bay. This was also

The diversity of fish larvae for both seasons, as indicated by the number of
species per station  Figures 152 and 153!, ranged from one at west Kahului
Harbor in winter to 62 inshore at Sand Island in summer. The mean number of
species at the inshore stations were: winter 22 and summer 30. Corresponding
numbers for offshore stations were: winter 17 and summer 24, The unusually
small number of species at certain inshore stations  e.g., Nawiliwili Harbor,
Kalihiwai, Haleiwa Harbor, Kaiaka, and Kahului Harbor! greatly depressed the
inshore mean. Of the 40 stations with the highest species numbers, 27 were higher
inshore.

Besides higher numbers of species occurring at inshore stations, these were
distributed unevenly around the islands. The highest numbers of species per sta-
tion occurred mostly along the leeward  southwest! and southern coasts of the
islands  Figures 152 and 'l53!. A notable exception was 39 species at Mokapu in
winter. The south coast of Oahu, Barbers Point to Sandy Beach, had consistently
high species numbers for both seasons.

Since the number of species at a station is more sensitive to absolute abun-
dance than the Shannon-Weaver index of diversity  Pielou, 1969!, the latter was
also calculated for each station according to the formula:

H: ZPj log Pj

where P. is the fraction of the i species in the tows from that station.

Patterns of H'  Figures 154 and 155! and number of species  Figures 152
and 153! were similar. Relatively large differences in the ranks of these two
indices occurred at certain offshore stations where the number of species was low
but, owing to low and similar numbers of each species  i.e., species evenness!, the
diversity index was high. In this category were winter offshore stations at Waimea
Bay, Haleiwa Harbor, and Lahaina and summer offshore stations at Kalalau and
Hanauma Bay. Similar index differences occurred at certain inshore stations: in
winter at Hanalei Bay and Nawiliwili Harbor; in summer at Hanapepe Harbor and
Kaiaka.



Figure 150. Winter distribution of total fish larvae 145

Figure 151. Summer distribution of total fish larvae



146 Figure 152. Winter distribution of number of species

Figure 153. Surnrner distribution of number of species
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A second cause for the large difference in the ranks of species number and
diversity index occurred where the catch was dominated by one or two species,
but the total number of all species was high. For this reason difference between
the two indices occurred in winter at offshore stations at Kalihiwai and Hanalei
Bay and inshore stations at Anahola Bay and Kahala. In summer this was true for
inshore stations at Kahala, Kailua Bay, and Lahaina.

larvae are transported there. These interpretations have markedly different
implications for perturbations. What follows is a general analysis of the survey
data, using some more common species as indicators. Albeit a general and sorne-
what hypothetical analysis, many decisions regarding developments around
Hawaiian shorelines will be made in ensuing months and years, each of which will
have potential impact on the adjacent nearshore nursery grounds; for this reason
the above differences are important.

Species composition

148

The most striking feature of the Hawaiian nearshore ichthyofauna is the
high proportion of oceanic and deepwater forms  Miller, 1974; Leis and Miller,
1976!. For example, larvae of Myctophidae and Gonostomatidae ranked first and
third, respectively, in overall abundance, Together these families accounted for
nearly 30 percent of all the larvae taken during the survey. The 15 most common
families were IVlyctophidae �6.3 percent!, Blenniidae �3.9 percent!, Gonosto-
matidae �1,8 percent!, Gobiidae �1,3 percent!, Pomacentridae  8.9 percent!,
Tripterygiidae �.7 percent!, Molidae �.4 percent!, Mullldae �.5 percent!,
Apogonidae �.3 percent!, Carangidae �.2 percent!, Scombridae �.0 percent!,
Schindleriidae �.3 percent!, Exocoetidae �.2 percent!, Tetraodontidae �.4 per-
cent!, and Gempylidae �.5 percent!. Over 90 percent of the larvae taken during
the survey belonged to one of these families. Seventy additional families were rep-
resented in the samples.

Besides the occurrence of rarely encountered species, the composition of
the survey catches differed markedly. To interpret these cornpositional differ-
ences the sources of the larvae and the water at the stations must be considered.
Overall, it would seem that the hydrography of a location is the major determi-
nant of the species composition. Larval fishes, in the size range taken in towed
nets, seem to have little ability to choose their environment by swimming against
the relatively strong currents �5 to 50 cm sec 'average! nearshore in Hawaii
 I aevestu et al,, 1964!. Blaxter �969! summarized the reported sustained swim-
ming speeds of larval fishes, which averaged about three body lengths sec ', For
the usual size of fish larvae taken during the survey, that is 4 to 8 mm, the sus-
tained swimming speed would be about 1 to 3 cm sec '. Of course even small
larvae could exercise considerable control over their location by selecting currents
or making vertical migrations, but little is known about either of these, especially
on a small scale and more especially in the case of Hawaiian species. Further, the
nearshore currents around Hawaii  and elsewhere! are poorly understood on a
small scale, so attempting precise analysis is premature at this time. Still, for pur-
poses of making environmental decisions, some interpretation of data is necessary.
For example, a high abundance of fish larvae at a location may mean it is an
important nursery ground for inshore larvae or that large numbers of offshore

IVliller �974! found an inverse relationship between the abundance of
Myctophidae and Blenniidae larvae at certain inshore locations in Hawaii. Since
blenny larvae arise from demersal eggs and myctophids are offshore  rnesopelagic!
species, this inverse relationship is not unexpected. At locations where the
water residence time is long, high abundance of blenny larvae, as well as other
nearshore-spawned species, is expected. On the other hand, locations which are
rapidly flushed with offshore waters would have fewer inshore-spawned larvae and
more offshore-spawned larval types. Thus, assuming an equal abundance of off-
shore larvae in offshore water and a constant rate of reproduction of inshore lar-
vae, the ratio of inshore to offshore fish larvae would be directly proportional to
the water residence time at a location.

Offshore water flushing a bay, for example, may come from two sources.
Surface water can be advected inshore  for example, along windward coasts! or
subsurface offshore water can be upwelled. IVliller �979! hypothesized this
kind of upwelling as the source of high abundance of tuna  Scornbridae! larvae at
certain leeward Hawaiian locations. Insofar as offshore larvae are vertically sepa-
rable into surface and subsurface types, their respective abundance near shore
would be indicative of offshore water of surface or subsurface origins. Diel migra-
tions of larvae would complicate this. However, little is known about vertical dis-
tribution of open coast Hawaiian fish larvae,

For purposes of analysis, the following were chosen as representative of the
three "types" of larvae presumably representing the three sources of water:

Type A, inshore-spawned larvae: Enchejyurus brunneofus  Blen-
nidae!

Type B, offshore subsurface larvae; Ceratoscopelus warmingi  Mycto-
phidae!

Type C, offshore surface larvae: Ranzania laevis  Molidae! in winter
and Cypselurus � spp.!  Exocoetidae! in summer



These larvae were chosen because of their relatively high abundance. Their
respective categorizations are detailed in Watson �974!.

The expected distributions of the three types of larvae are as follows:
Type 8  offshore subsurface! larvae should mutually exclude both Type A
 inshore! and Type C  offshore surface! larvae and be especially abundant on lee-
ward coasts. Type C larvae should also exclude  flush! Type A larvae, however to
a lesser extent than Type 8 larvae, since on windward coasts offshore surface
water may be wind-advected near shore, but may not necessarily flush a windward
bay owing to an Anstau condition  " piling up" of water!. Type C larvae should
exclude Type 8 larvae since an Anstau condition would oppose upwelling. Long-
shore transport of larvae would obscure the picture considerably.

The stations were ranked according to their winter and summer abundances
of the three types of larvae. Comparison of the stations with the 10 highest ranks
of the three types of larvae showed a pattern in agreement with the above predic-
tions of distribution.

Among the 10 summer stations with the highest abundance of Enchelyurus
brunneolus larvae were four stations with high Cypselurus spp. abundance and no
stations with high Ceratoscopelus abundance. Only one station with high Cypse-
lurus abundance was among the high Ceratoscopelus stations, The probabilities of
the inverse relationships between both  a! Enchelyurus brunneolus and Cerato-
scopelus and  b! Ceratoscopelus and Cypselurus events occurring by chance are
less than 0.05  Spearman rank correlation test!.

ln winter, among the stations with the 10 highest abundance of Enchely-
urus brunneolus was one with the ten highest abundance of Ceratoscopelus. Four
of the 10 stations with the highest Ranzania laevis abundance occurred at stations
which also had high Enchelyurus brunneolus abundance. And four stations with
the highest Ceratoscopelus abundances occurred at stations having high Ranzania
laevis density. The latter may be a reflection of the more variable winds and cur-
rents in winter or Ranzania laevis having a slightly different depth distribution
than the Cypseiurus species. Therefore, the winter relationships, while slightly
more variable than in summer, were also in agreement with the predictions of
distribution.

Comparison of the distribution of other species taken in sufficient quanti-
ties during the survey with the distributions of Enchelyurus brunneolus, Ranzania
laevis, Cypselurus spp., and Ceratoscopelus vvarmingi revealed the following simi-
larities  and thus classifications!:

~ Type A  E. brunneolus!, inshore-spawned larvae: Abudefduf abdomi-
nalis, Eupomacentrus fasciolatus, Gobiidae  all species lumped!,
Psilogobi us mainlandi, Tri pterygi on atriceps, Schindleriidae

~ Type 8  Ceratoscopelus vvarmingi!, offshore subsurface larvae:
Cyclothone sp., Vinciguerria nimbaria, Oiaphus sp., Hygophum
proximum, Muliidae, Trachurops crumenophthalmus, Tetraodon-
tidae

~ Type C  Cypselurus spp, and Ranzania laevis!, offshore surface
! arvae: Meianocetus j ohnsoni

The remainder of the species caught either exhibited none of the above pat-
terns or were taken too infrequently to characterize their distributions. It is
important to emphasize that similarities in distribution could occur with either
similar spawning habits or similar depth preferences.

ln summary, species showing Type A distributions are generally most abun-
dant at windward stations, in relatively enclosed bays or harbors, and in inshore
areas. Type 8 larvae are more variable than Type A, but are usually most abun-
dant at leeward inshore stations, especially in summer. Type C larvae are more
evenly distributed among inshore and offshore stations and are usually most abun-
dant at windward stations.

It must be emphasized that none of these patterns is without exception and
that all types of larvae were encountered in low abundance at many stations. The
most important conclusion from the above analysis is that larval abundance and
composition near shore in the Hawaiian Islands seem closely linked, in a loosely
predictable way, to the peculiar hydrographic regime of a location. Furthermore,
to assess the importance of nearshore nursery grounds, species composition, as
well as abundance of larvae, must be considered. For example, if high numbers of
offshore larvae  Type 8 or C! are found at a station, perturbing this area may be
less detrimental than in a bay where the high numbers are of Type A larvae.

To assist the state of Hawaii in making decisions regarding the development
of its shorelines, an index of nursery ground potential was calculated for each
survey station. This index is a sum of the ranks of �! abundance of larvae,
�! number of species, and �! diversity index. In Figures 156 and 157, it is
apparent that certain bays and segments of coastline are considerably more
valuable by this standard than others. The difference in ranks between any two
stations is generally less than the numbers which were ranked, Therefore the
figures showing species number  Figures 152 and 153! and diversity  Figures 154
and 155! should be consulted when assigning relative importance to a given bay or
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segment of coastline for planning shoreline developments. And where potentially
extensive or intensive perturbations  e.g., silt, or a toxic effluent! may accompany
shoreline development at a location, further study should be undertaken,

The generalizations presented here are based on only two samplings at most
locations and it is likely that the results have been markedly influenced by hydro-
graphic conditions on those dates  note especially stations where the index
changed markedly seasonally!. Thus, these analyses should be regarded as tenta-
tive and probably subject to much temporal variation at each station. As such
they mainly indicate the wide range of values to be expected at specific locations
and should be coupled with more intensive studies at any specific location being
considered for development.

Finally, a limitation of the above indices is, no relative value of species has
been included. For example, several stations with low indices are known to be
important nurseries for the locally important tuna baitfish, or nehu  Stolephorus
purpureus!.

Insofar as larval fishes are considered in environmental planning the authors
have tried to emphasize the need for both taxonomic and ecological research on
individual species. Knowledge of the collective abundance of fish larvae at a
station is inadequate to predict effects of effluents and therefore may be mis-
leading. For example, de Sylva and Scotton �972! argued that the occurrence of
Storniatoid fish larvae in Biscayne Bay, Florida was evidence that recycling of
offshore water  and thus effluents! occurred. If the source of these larvae was, in
fact, offshore subsurface water, then the reverse would be true. That is, the
occurrence of offshore forms inshore would indicate more rapid displacement
 flushing! of effluents by offshore water, not necessarily recycling.

While species composition of larval fishes may be indicators of at least
types of hydrographic regimes, there is no substitute for small-scale studies of the
hydrographic regime since the latter can profoundly affect the importance and
nature of a nearshore nursery area.
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The literature on the identification of tropical fish larvae is sparse and
widely scattered. Because of this, a bibliography consisting of titles the authors
feel are important for identifying Hawaiian fish larvae has been compiled. This
bibliography should not be considered an exhaustive listing of titles on tropical
larval forms. Throughout the bibliography, heavy reliance has been placed on two
works: Uchida et al. �958! and the series edited by Lo Bianco �931 to 1956!.
Uchida et al. is entirely in Japanese and Lo Bianco in Italian. Fortunately, the
first two sections of Lo Bianco �931, 1933! have been translated into English
 I.P.S.T. 4T.T. 68-50346!; the page numbers given for these two sections are for
the English translation,

Following the bibliography is a "Systematic Index to Literature" section in
which an attempt has been made to list all titles dealing with species known to
occur in Hawaii and to list two or three titles for each family for which no refer-
ences were available on indigenous species. As a result many species which do not
occur in the tropics or even in the Pacific are represented; it was felt that ref-
erences which might help identify larvae, if only to family, are useful and pret-
erable to no entry. In some cases a number of titles are listed where one would
have been adequate; this was done when the papers appeared in journals which
might not be widely available.

The "Systematic Index to Literature" section is an alphabetical listing of
each family. The list of families was taken primarily from Gosline and Brock �960!,
with a few additions, mainly from Clarke �972, 1974, and personal cornmunica-
tion!, Ctruhsaker �973! and unpublished work of the authors of this study. The
classification follows Gosline �971! because it is closer to that used in Gosline
and Brock �960! than in Greenwood et al. �966!.

In the listing by families, page numbers are given only if a small portion of
the listed reference is of relevance, and species are listed in parenthesis if this
information is not evident in the title of the reference.

It should be noted that many families are included with no citations,
indicating that the authors were unable to find a paper to cite. Listing of families
without references was done to indicate the scope of the work on larval system-
atics remaining to be done and, hopefully, to stimulate investigators to fill the
gaps.

Work on this bibliography was essentially completed during January
1975. Journal abbreviations follow those given in Biosis 1973 List of Serials

 BioSciences Information Service of Biological Abstracts, 2100 Arch Street,
Philadelphia, Pa,!.

The bibliography was compiled primarily for larvae; see Watson and Leis
�974! for further information on Hawaiian pelagic fish eggs.



BI BL IOG RAPHY

156

Aboussouan, A. 1965. Oeufs et larves de Teleosteens de I'Ouest Africain. I. Acan-
thurus monroyiae Steind. Bul/. Inst. Fr. Afr. Noire. Ser. A. Sci. Nat.
27 �!: 1 183-1187.

Aboussouan, A. 1966a. Oeufs et larves de Teleosteens de I'Quest Africain.
I I I. Larves de Monocanthus hispidus  L.! et de Balistes forcipatus Gm. Bull.
inst. Fr. Afr. Noire. Ser, A. Sci. Nat. 28 l!:276-282.

Aboussouan, A. 1966b. Oeufs et Iarves de Teleosteens de I'Ouest Africain.
IV. Galeoides polydactylus  Vahl! [Polynemidae f. Bull. Inst. Fr. Afr. Noire.
Ser. A. Sci. Nat. 28�!;1037-1040,

Aboussouan, A. 1968. Qeufs et larves de Teleosteens de I'Quest Africain.
VIII. Larves de Bregmaceros macclellandi Thompson [Bregmacerotidaej.
Bull. Inst. Fr. Afr, Noire. Ser. A. Sci. Nat. 30�!:1590-1602,

Aboussouan, A. 1969. Sur une petite collection de farves de teleosteens recoltee
au large du Bresil  Campagne Calypso 1962!. Vie Milieu, Ser. A. Biol.
Mar. 20�-A!: 595-610.

Aboussouan, A. 1972. Oeufs et larves de Teleosteens de I'Quest Africain.
XI. Larves serraniformes. Bull. Inst. Fr. Afr. Noire, Ser. A. Sci. Nat. 34�!:
485-502.

Adams, J.A. 1960, Contribution to the biology and post-larval development of
the Sargassum fish, Histrio histrio  Linnaeus!, with a discussion of the
Sargassum complex. Bull. Mar Sci. 10�!:55-82.

Ahlstrom, E.H, 1965. Kinds and abundance of fishes in the California current
region based on egg and larval surveys. Calif. Coop. Oceanic Fish Invest.
Rep. 10. pp. 31-52.

Ahlstrom, E.H, 1972. Kinds and abundance of fish larvae in the eastern tropical
Pacific on the second multivessel EASTROPAC survey, and observations on
the annual cycle of larval abundance. U.S. Natl. Mar. Fish. Serv. Fish. Bull.
70�!:1 1 53-1 242.

Ahlstrom, E.H. 1974. The diverse patterns of metamorphosis in gonostomatid
fishes � an aid to classification. In The Early Life History of Fish, ed. J.H.S.
Blaxter, pp. 659-674, New York: Springer-Verlag.

Ahlstrom, E.W., and R.C. Counts. 1958. Development and distribution of Vinci-
guerria lucetia and related species in the eastern Pacific. U.S. Fish Wildl.
Serv, Fish. Bu/l. 58:363-416.

Ahlstrom, E.W., and H.G. Moser. 1969. A new gonostomatid fish from the tropical
eastern Pacific. Copeia �!;493-500.

Ahlstrorn, E.H., J.L. Butler, and B.Y. Sumida. 'I976. Pelagic strornateoid fishes
 Pisces, Perciformes! of the eastern Pacific: kinds, distributions, and early
life histories and observations on five of these from the northwest Atlantic.
Bull. Mar. Sci. 26�!:285-402.

Alexander, E.C. 1961. A contribution to the life history, biology and geographical
distribution of the bonefish, Albula vulpes  Linnaeus!, Dana-Rep. Carlsberg
Found. No. 53, 51 pp.

Allen, G.R. 1975. Oamselfishes of the South Seas. Neptune City  New Jersey!:
TFH Publ.,!nc. p, 5.

Arnaoka, K. 1970. Studies on the larvae and juveniles of the sinistral flounders.
I. Taeniopsetta ocellata  Gunther!. Jap. J. /chthyol 17�!:95-104 + 1 plate.

Arnaoka, K. 1971. Studies on the larvae and juveniles of the sinistral flounders.
I I. Chascanopsetta lugubris. Jap. J. Ichthyol. 18�!:25-32 + 1 plate.

Ahfstrom, E.H. 1969. Remarkable rnovernents of oil globules in eggs of bathylagid
smelts during embryonic development. J. Mar. Biol. Assoc. india 11� 5 2!:
206-217.

Ahlstrom, E.H. 1971. Kinds and abundance of fish larvae in the eastern tropical
Pacific, based on collections made on EASTRQPAC I. U.S, Natl. Mar. Fish.
Serv. Fish. Bull. 69�!:3-77.

Arnaoka, K. 1973. Studies on the larvae and juveniles of the sinistral flounders.
IV. Arnoglossusjaponicus, Jap. J. /chthyol. 20�!:145-156.

Anderson, W.W. 1958. Larval development, growth and spawning of striped
mullet  Mugil cepha/us! along the south Atlantic coast of the United States.
U.S. Fish Wildl. Serv. Fish. Bull. 58:501-519.



157

Aprieto, V.L. 1974. Early development of five carangid fishes of the Gulf of
Mexico and the south Atlantic coast of the United States. U.S. Natl. Mar.
Fish. Serv. Fish. Bull. 72�!:415-443.

Arata, G.F. 1954. A contribution to the life history of the swordfish, Xiphias
gladius Linnaeus, from the south Atlantic coast of the United States and
the Gulf of Mexico. Bull. Mar, Sci Gulf Caribb. 4�!:183-243.

Beebe, W. 1933. Deep-sea fishes of the Bermuda oceanographic expeditions.
Family Alepocephalidae. Zoologica  N.Y.! 16�!:15-93.

Beebe, W. 1934. Deep-sea fishes of the Bermuda oceanographic expeditions.
Family Idiacanthidae. Zoologica  N.Y.! 16�!:149-241.

Beebe, W., and J. Crane. 1939. Deep-sea fishes of the Bermuda oceanographic
expeditions. Family IVlelanostomiatidae. Zoologica  N.Y.! 24�!;65-238.

Berry. F.H. 1958. A new species of fish from the western north Atlantic, Dike/-
lorhynchus tropidolepis, and relationships of the genera Oikellorhynchus
and Ma/acanthus. Copeia �!:116-125.

Berry, F.H. 1959. Young jack crevalles  Caranx species! off the southeastern
Atlantic coast of the United States. U.S. Fish Wildl. Serv. Fish. Bull.

59: 41 7-535.

Berry, F.H., and P.J.P, Whitehead. 1968. A new species of sardine  Sardinella,
Clupeidae! from the IVlarquesas Islands. Proc. Biol. Soc. Wash. 81:209-222,

Bertelsen, E. 1951. The ceratioid fishes. Ontogeny, taxonomy, distribution and
biology. Dana-Rep. Carlsberg Found. No. 39. 276 pp.

Bertelsen E., and N.B. Marshall. 1956. The Miripinnati, a new order of teleost
fishes. Dana-Rep. Carlsberg Found. No. 42. 34 pp.

Bertolini, F, 1933a. Apogonidae. In Fauna and Flora of the Bay of Naples.
Monograph No. 38. Eggs, larvae and juvenile stages of Teleostei, Part II,
ed. S. Lo Bianco, pp. 306-308 + plates XIX.  English translation I.P.S.T.
1969!

Bertolini, F. 1933b. Serranidae. In Fauna and Flora of the Bay of Naples.
Monograph No. 38. Eggs, larvae and juvenile stages of Teleostei, Part II,
ed. S. Lo Bianco, pp. 309-330+ plates XX and XXI.  English translation
I.P.S.T. 1969!

Blache, J. 1964. Sur un stade juvenile de Remora brachyptera  Lowe 1839!
provenant de I'Atlantique Orienta'I sud.  Pisces, Teleostei, Perciformi,
Echeneoidei, Echeneidae!. Cah. O.R.S.T.O.M. Ser. Oceanogr, 2�!:45-47,

Blache, J. 1968. Contribution a la connaissance des poissons Anguilliformes de la
cote occidentale O'Afrique. Septieme note: la famille des Muraenesocidae.
Bull. /nst. Fr. Afr. Noire. Ser. A. Sci. Nat. 30�!:690-736.

Blanco, G.J., and D.V. Villadolid. 1951. The young of some fishes of Luzon.
Philipp. J. Fish. 1�!:67-93.

Blaxter, J.H.S. 1969. Development: eggs and larvae. In Fish Physiology 3, ed.
W.S. Hoar and D.J. Randall, pp. 177-252. New York: Academic Press.

Breder, C.M., and E. Clark. 1947, A contribution to the visceral anatomy, devel-
opment, and relationships of the Plectognathi, Bu/l. Am. Mus. Nat. Hist.
88�!: 287-320.

Breder, C.M., Jr. and D.E. Rosen. 'I966. Modes of Reproduction in Fishes.
Garden City  New York!: Natural History Press. 941 pp.

Brock, V.E. 1948. A new blennioid fish from Hawaii. Pac. Sci. 2�!:125-127.

Bruun, A.F. 1937. Chascanopsetta in the Atlantic; a bathypelagic occurrence of a
flat-fish. Oansk Naturhist. Foren., Kob. Vidensk. Medd. 101:125-136.

Bruun, A.F, 1940. A study of a collection of the fish Schindleria from the south
Pacific waters. Dana-Rep. Carlsberg Found. No, 21. 12 pp.

Burgess, W.E. 1974. Evidence for the elevation to family status of the angelfishes
 Pomacanthidae!, previously considered to be a subfamily of the butterfly-
fish family, Chaetodontidae. Pac, Sci. 28�!:57-71.

Caldwell, D.K. 1962. Development and distribution of the short bigeye Pseudo-
priacanthus altus  Gill! in the western North Atlantic. U.S. Fish Wildl. Serv.
Fish, Bul/. 62:103-150.

Caldwell, M.C. 1962. Development and distribution of larval and juvenile fishes of
the family Mullidae of the western north Atlantic. U.S. Fish Wildl. Serv.,
Fish Bul/. 62:403-457.



Castle, P.H.J. 1964a. Congrid leptocephali in Australasian waters with descrip-
tion of Conger wilsoni  8/. 8 Schn.! and C. verreauxi. Kaup. Zool. Publ.
Victoria Univ. Wellington No. 37. pp. 1-45.

Castle, P.H.J, 1964b. Eels and eel larvae of the Tui Oceanographic Cruise 1962, to
the South Fiji Basin. Trans. R. Soc. N.Z. Zoo/. 5�!:71-84.

Castle, P.H.J. 1965a. Leptocephali of the Nemichthyidae, Serrivorneri dec,
Synaphobranchidae and Nettastomidae in Australasian waters. Trans. R.
Soc. N.Z. Zoo/. 5�1!:131-146.

Castle, P.H.J. 1965b. Muraenid leptocephali in Australasian waters. Trans. R. Soc.
N Z. Zool. 7�!:57-84.

Castle, P.H.J. 1965c. Ophichthid leptocephali in Australasian waters. Trans. R.
Soc. N.Z. Zoo/. 7�!:125-133,

Castle, P.H.J. 1970. Distribution, larval growth, and metamorphosis of the eel
Oerichthys serpentinus G ill, 1884.  Pisces: Derichthyidae!, Copeia
�!:444-452,

Chapman, W.M., and L.P. Schultz, 1952. Review of the fishes of the blennioid
genus Ecsenius, with descriptions of five new species, Proc. U.S. Natl. Mus.
102�310!: 507-528.

Chase, R.G. 1969. Some aspects of the life history of the iao, Pranesvsinsularum,
an Hawaiian atherinid. M.S. Thesis, University of Hawaii, Honolulu. 58 pp.

Chen, S.C., and T,H, Tan. 1973. A preliminary report on occurrence of tuna
larvae in waters adjacent to Taiwan and South China Sea. Report of the
Institute of Fishery Biology of Ministry of Economic Affairs and National
Taiwan University 3�!:158-172.

Clancey, J.F. 1956. A contribution to the life history of the fish, Bregmaceros
atlanticus Goode and Bean, from the Florida current. Bu// Mar. Sci. Gulf
Caribb. 6�!:233-260.

Clarke, T.A. 1974. Some aspects of the ecology of stomiatoid fishes in the Pacific
Ocean near Hawaii. U.S. Natl. Mar. Fish, Serv. Fish. Bull. 72�!:337-351.

D'Ancona, U. 1931. Order: Synetognathi. Family Scomberesocidae. In Fauna and
Flora af the Bay of Naples, Monograph No, 38. Eggs, larvae and juvenile
stages of Teteostei, Part I, ed. S. Lo Bianco, pp. 147-164.  English transla-
tion I.P.S.T. 1969!

D'Ancona, U. 1933a. Order: Acanthini. Family 1: Gadidae. In Fauna and Flora of
the Bay of Naples. Monograph No. 38. Eggs, larvae and juvenile stages of
Teleostei, Part II, ed. S, Lo Bianco, pp. 188-261 + plates XI I-XV.  English
translation I.P,S.T. 1969!

D'Ancona, U. 1933b. Suborder: Thoracostei. Family: Syngnathidae. ln Fauna
and Flora of the Bay of Naples. Monograph No. 38. Eggs, larvae and juve-
nile stages of Teleostei, Part I I, ed. S. Lo Bianco, pp. 284-299 + plate XVI I.
 English translation I.P.S.T. 1969!

D'Ancona, U. 1933c. Suborder: Aulostomi. Family: Macrorhamphosidae. In
Fauna and Flora of the Bay of Naples. Monograph No. 38. Eggs, larvae and
juvenile stages of Teleostei, Part II, ed. S. Lo Bianco, pp. 299-305 + plate
XVII I.  English translation I.P.S.T. 1969!

D'Ancona, U., and G. Cavinato. 1965. The fishes of the family Bregmacerotidae.
Dana-Rep. Carlsberg Found. No. 64. 92 pp.

de Gaetani, D. 1937. Contribute alla conoscenza dello sviluppo post-embrionale in
Apogonimberibus. R. Comi tata Talassografico Italiano. Memoir 243.

de Jager, B.V.D. 1955. The South African pilchard  sardinops ocellata!. The
development of the snoek  Thyrsites atun! a fish predator of the pilchard.
Invest. Rept. Div. Fish., Dept. Commerce and Indus., Pretoria, Union South
Africa, no. 19. 16 pp.  Cited in Breder and Rosen, 1966!

de Sylva, D.P. 1963. Systematics and life history of the great barracuda Sphy-
raena barracuda  III/a/baum/. Stud. Trop. Oceanogr.  Miami! 1:vii+ 179 pp.

Clarke, T.A. 1972. Collections and submarine observations of deep benthic fishes
and decapod crustacea in Hawaii. Pac. Sci. 26�!:310-317.

Clarke, T.A. 1973. Some aspects of the ecology of lanternfishes  Myctophidae! in
the Pacific Ocean near Hawaii. U.S. Natl. IVlar. Fish Serv. Fish. Bull.
71 �!:401-434.

de Sylva, D.P. 1970. Ecology and distribution of postlarval fishes of southern
Biscayne Bay, Florida. Progress Report to the Environmental Protection
Agency, Univ. of Miami, Rosentiel School of Marine and Atmospheric
Science. 27 pp. + figures.



159

de Sylva, D.P., and L.N. Scotton. 1972. Larvae of deep-sea fishes  stomiataidea!
from Biscayne Bay, Florida, U.S.A. and their ecological significance. Mar
Biol.  Herl.! 12�!:122-128.

Delsman, H.C. 1921, Fish eggs and larvae from the Java Sea. 1. Fistularia serrate
Cuv. Treubia 2�!:97-108.

Delsrnan, H.C. 1924. Fish eggs and larvae from the Java Sea. 3. A pelagic Scorn-
bresocid egg. Treubia 5�!:408-418.

Delsman, H,C. 1925, Fish eggs and larvae from the Java Sea. 4. Dussumieria
hasseltii, Blkr. Treubia 6�-4!: 297-307.

Delsman, H.C. 1926a. Fish eggs and larvae from the Java Sea. 5. Caranx kurra,
macrosoma and crumenophthalmus. Treubia 8�-4!:199-2'l l.

Delsman, H,C. 1926b. Fish eggs and larvae from the Java Sea. 6. On a few other
carangid eggs and larvae. Treubia 8�-4!:212-2'l8.

Delsrnan, H.C. 1926c. Fish eggs and larvae from the Java Sea. 10. On a few larvae
of ernpang fishes. Treubia 8�-4!:400-412.

Delsman, H.C. 1929. Fish eggs and larvae from the Java Sea. 13. Chanos chanos
 Forsk.!. Treubia 11�!:281-286.

Delsman, H.C. 1930. Fish eggs and larvae from the Java Sea. 16. Amphiprion
percula C.V. Treubia 12�-4!:367-370.

Delsman, H.C. 1931. Fish eggs and larvae from the Java Sea. 17. The genus Stole-
phorus. Treubia 'l3�!:217-243.

Demir, N. 1972. The abundance and distribution of the eggs and larvae of some
teleost fishes off Plymouth in 1969 and 1970. II. The postlarvae of Cal-
lionymus. J. f'A'ar. Biol. Assoc. U. K. 52:997-1010.

Dotsu, Y., and T. Oota. 1973. The life history of the blenniid fish, Omobranchus
loxozonus. Bulletin of the Faculty of Fisheries  Nagasaki Univ.! 36:13-22.
 In Japanese � English abstract!

Dotu, Y., and S. Mito. 1955. On the breeding habits, larvae and young of a goby,
Acanthogobius flavimanus  Temminck et Schlegel!. Jap. J. lchthyol.
4�/5/6!:153-161.  In Japanese � English resume!

Ebeling, A. W�and W.H. Weed. 1973. Family Melamphaidae. In Fishes of the
Ill'estern North Atlantic, pp. 42'I-478. Sears Foundation for Marine
Research, Memoir No. 1, Part 6.

Ege, V. 1918. Stomiatidae  Stomias!. Report on the Danish Oceanographical
Expedi tion 1908-10 to the Mediterranean and Adjacent Seas 2 A.4!. 28 pp.

Ege, V. 1953. Paralepididae l.  Paralepis and Lestidiurn!. Taxonomy, ontogeny,
phylogeny and distribution. Dana-Rep. Carlsberg Found. No. 40. 184 pp.

Ege, V. 1957. Paralepididae ll.  Macroparalepls!. Taxonomy, ontogeny, phy!og-
eny and distribution. Dana-Rep. Carlsberg Found. No. 43. 101 pp.

Eldred, B. 1967. Larval bonefish, Albula vulpes  Linnaeus 1758!,  Albulidae! in
Florida and adjacent waters. Fla. Board Conserv. Mar. Lab. Leaf l, Ser,
Vol. I V, Part 1, No. 3. 4 pp.

Eldred, B., and W.G. Lyons. 1966. Larval ladyfish, El'ops saurus Linnaeus 1966,
 Elopidae! in Florida and adjacent waters. Fla. Board Conserv. Mar. Lab,
Leaf l. Ser. Vol. I V, Part 1, No. 2. 6 pp.

Eschmeyer, W.N., and J.E. Randall. 1975. The scorpaenid fishes of the Hawaiian
Islands including new species and new records  Pisces: Scorpaenidae!. Proc.
Cal. Acad. Sci 4th Ser. 40�1!:265-334.

Fage, L. 1918. Zeornorphi: Caproidae: Capros aper  Linne!. Report on the Danish
Oceanographical Expeditions 1908-10 to the Medi terranean and Adjacent
Seas 2 A.3j. pp. 55-60.

Fahay, M.P. 1975. An annotated list of larval and juvenile fishes captured with
surface-towed meter-net in the South Atlantic Bight during four R.K
Dolphin cruises between May 19b7 and February 1968. NOAA Tech. Rep.
NMFS, SSRF-685. 39 pp.

Fives, J.M, 1970, Blenniidae of the north Atlantic. Fiches d'identification des
oeufs et larves de poissons No. 3. Cons. lnt. Explor. Mer. 4 pp.

F our ma noir, R. 1970. Notes I chtyologiques   I I !. Cah. 0. R.S. T.O.M. Ser.
Oceanogr. 8�!: 35-46.

Fourma noir, P. 1971a. Notes Ichtyologlques   I I I!. Cah. O.R.S. T.O.M. Ser.
Oceanogr. 9 �!: 267-278.



160

Fourrnanoir, P. 1971b. Notes Ichtyologiques  I V!. Cah. O. R.S. T.O.M. Ser.
Oceanogr. 9�!:491-500,

Fourmanoir, P. 1973. Notes I chtyologiques   V!. Cah. O.R.S. T O.M. Ser,
Oceanogr. 11 � !: 33-39.

Fujita, S. 1955. On the development and prelarval stages of the file-fish, Mono-
canthus cirrhifer Temminck et Schlegel, Sci. Bull. Fac. Agric.  Kyushu
Univ.! 15�!:229-234.  In Japanese � English resume!

Fujlta, S. 1957. On the development and prelarval stage of a damsel fish, Chromis
notatus  Temminck et Schlegel!. Jap. J. /chthyol. 6�/5/6!:87-90.  In
Japanese � English summary!

Fujita, S, 1966. Egg development, larval stages and rearing of the puffer, Lago-
cephalus lunaris spadiceus  Richardson!. Jap. J. /chthyol. 13�/6!:162-168.
 In Japanese � English summary!

Fujita, S., and S. Mito. 1960. Egg development and hatched larvae of a Chaeto-
dontid fish, Chaetodontoplus septentrionalis  Temminck et Schlegel!. Bull,
Jap, Soc. Sci. Fish. 26�!:227-230.  In Japanese � English abstract!

Fujita, S., and T. Takita. 1965. Egg development and prelarval stages of a sole,
Areliscus trigrammus  Gunther!. Bull. Jap. Soc. Sci. Fish. 31�!:488-492.
  In Japanese � English abstract!

Fujita, S,, and K. Uchida. 1959. Spawning habits and early development of a
Sargassum fish, Pterophryne histrio  Linne!. Sci. Bul/. Fac. Agric.  Kyushu
Univ.! 17�!:277-282.  In Japanese � English resume!

Furukawa, I. 1951. Clupeoid fry possibly referable to Gonorhynchus abbreviatus
Temminck et Schlegel. Jap. J, /chthyol. 1�!:292-294.  In Japanese�
English resume!

Gehringer, J.W. 1956. Observations on the development of the Atlantic sailfish
lstiophorus americanus  Cuvier!, with notes on an unidentified species of
istiophorid. U.S. Fish Wildl. Serv. Fish. Bull. 57:139-171.

Gehringer, J.W. 1959. Early development and metamorphosis of the ten pounder
Elops saurus Linnaeus. U.S. Fish Wildl. Serv. Fish. Bul/. 59:619-647.

Gibbs, R.H. 1959. A synopsis of the postlarvae of western Atlantic lizard-fishes
 Synodontidae!. Copeia 1959�!:232-236.

Gibbs, R.H., Jr. and B.B. Collette. 1959. On the identification, distribution, and
biology of the dolphins Coryphaena hippurus and C. equiselis. Bul/. Mar.
Sci Gulf Caribb. 9�!:117-152.

Gilchrist, J.D.F.I. Eggs and larvae of cape fishes. Marine Biol. Rept. for year end-
ing 30th June, 1916, Prov, Cape Good Hope, Cape Town, Union South
Africa, no. 3. pp. 1-26.  Cited in Breder and Rosen, 1966!

Gomon, M.F., and J.E, Randall, 1975, A new deep-water fish of the labrid genus
Bodianus from the Hawaiian and Ryukyu Islands. Bull Mar. Sci. 25�!:
443-444.

Gosline, W.A. 1971. Functional Morphology and Classification of Teleostean
Fishes. Honolulu: The University Press of Hawaii.

Gosline, W.A., and V.E. Brock. 1960. Handbook of Hawaiian Fishes. Honolulu:
University of Hawaii Press.

Greenwood, P.H., D.E. Rosen, S.H. Weitzman, and G,S. Meyers. 1966. Phyletic
studies of teleostean fishes, with a provisional classification of living forms.
Bull. Am. Mus. Nat. Hist. 131�!:341-455.

Grey, M. 1955. The fishes of the genus Tetragonurus Risso. Dana-Rep. Carlsberg
Found. No. 41. 75 pp.

Grey, M. 1960. Description of a Western Atlantic specimen of Scombro/abrax
heterolepis Roule and notes on fishes of the family Gernpylidae. Copeia
3:210-215.

Grey, M. 1964. Family Gonostomatidae, In Fishes of the I/I/estern North Atlantic,
pp. 184-192. Sears Foundation for I'JIarine Research, Memoir No. I, Part 4.

Hattori, S. 1964. Studies on fish /arvaein the Kuroshio and adjacent waters. Bull.
Tokai Reg. Fish. Res. Lab. 40. 158 pp.  In Japanese � English summary!

Helfrich, P.H. 1958. The early life history and reproductive behavior of the
maomao, Abudefduf abdominalis  Quoy and Gaimard!. Ph.D. Dissertation,
University of Hawaii, Honolulu. 228 pp.

Hlldebrand, S.F., and L.E. Cable. 1930. Development and life history of fourteen
teleostean fishes at Beaufort, N. C, Bull. U.S. Bur. Fish. 46:383-488.



Hildebrand, S.F., and L.E. Cable. 1938. Further notes on the development and
life history of some teleosts at Beaufort, N.C. Bull. U.S. Bur. Fish. 48�4!:
505-642.

Houde, E.D. 'I972. Development and early life history of the northern sennet,
Sphyraena borealis DeKay  Pisces: Sphyraenidae! reared in the laboratory.
U.S. Natl. Mar. Fish. Serv. Fish. Bu/l. 70�!:185-195.

Houde, E.D., and P.L. Fore. 1973. Guide to identity of eggs and larvae of some
Gulf of Mexico clupeid fishes. Fla. Dept. Nat. Resour. Mar. Res. Lab. Leaf l.
Ser. Vol. IV, Part 1, No. 23, 14 pp.

Hubbs, C.L. 1958. Dikellorhynchus and Kanazawaichthys: Nominal fish genera
interpreted as based on prejuveniles of Ma/acanthus and Antennarius,
respectively. Copeia �!:282-285.

Hubbs, C.L., and E.M. Kampa. 1946. The early stages  eggs, prolarva and juvenile!
and the classification of the California flying fish. Copeia �!:188-218.

Jespersen, P., and A.V. Taning. 1919. Some Mediterranean and Atlantic Ster-
noptychidae. Preliminary note. Dansk Naturhist. Foren., Kob. Vidensk.
Medd. 70: 215-226.

Johnson, R.K. 1974a. Five new species and a new genus of alepisauroid fishes of
the Scopelarchidae  Pisces: Myctophiformes!. Copeia �!:449-457.

Johnson, R.K. 1974b. A revision of the Alepisauroid family Scopelarchidae
 Pisces: Myctophiformes!. Fieldiana Zoology 66.

Johnson, R.K., and D.M. Cohen. 1974. Results of the research cruises of FRV
"Walther Herwig" to South America. XXX. Revision of the chiasmodontid
fish genera Dysalotus and Kali, with descriptions of two new species. Arch.
Ficherei wiss 25�/2!:13-46.

Jones, S., and M. Kurnaran. 1964a. Notes on eggs, larvae and juveniles of fishes
from Indian waters. XI I. Myripristis murdlan  Forskal! of XIII. Holocentrus
sp. Indian J. Fish. 9�! I 55-167.

Jones, S., and M. Kumaran. 1964b. Notes on eggs, larvae and juveniles of fishes
from Indian waters. XIV. Pegasus volitans Linnaeus; XV. Dactyloptena
orientalis  Cuvier and Vaienciennes! and XVI. Dactyloptena macracanthus
 Bleeker!. /ndian J. Fish, 11 A!:232-246.

Jones, S�and M. Kumaran. 1964c, On the fishes of the genus Schindleria Giltay
from the Indian Ocean. J. I! 1ar. Biol, Assoc. india 6�
57-264,

Jones, S., and P.M.G. Menon. 1953. Notes on the breeding habits of some estua-
rine fishes, J. Zoo/. Soc. India 5�!:255-267.

Jordan, D.S., and B.W. Evermann. 1903. Part I, The Shore Fishes, The aquatic
resources of the Hawaiian Islands. Bull. U.S. Fish. Cornrn. for 1903.
Vol. 23, 392 pp., 73 plates.

Kendall, A.W., Jr. 1972. Description of black sea bass, Centropristis striata
 Linnaeus!, larvae and their occurrences north of Cape Lookout, North
Carolina, in 1966, U.S. Natl. Mar. Fish. Serv. Fish. Bull. 70�!:1243-1259.

Khrapkova-Kovalevskaya, N.V. 1963, Data on the reproduction, development,
and distribution of larvae and fry of the flying halfbeak Oxyporhamphus
micropterus  Val.!  Pisces: Oxyporharnphidae!. Tr. /nst. Okeanol. Akad.
Nauk. SSSR 62:49-60.  English translation 62 Systematics Lab. NIVIFS,
U.S.N.M., Wash.!

Kuntz, A., and L. Radcliffe. 1917. Notes on the embryology and larval develop- 161
ment of twelve teleostean fishes. Bull. U.S. Bur. Fish. 35:89-134.

Laevestu, T., D.E. Avery, and D.C. Cox. 1964. Coastal currents and sewage dis-
posalin the Hawaiian Islands. Coastal Currents, Hawaii Inst. Geophy., Univ.
Hawaii, Appen. 2, viii + 101 pp.

Legaspi, V.A. 1956. A contribution to the life history of the nomeid fish Psenes
cyanophyrs Cuvier and Valenciennes. Bull. Mar, Sci. Gulf Caribb. 6�!:
179-199.

Leis, J.M. 1977. Development of the eggs and larvae of the slender rnola, Ran-
zania laevis  Pisces, IVlolidae!. Bu/!. Mar. Sci. 27�!:448-466.

Leis, J.M. 1978a. Distributional ecology of ichthyopiankton and invertebrate
macrozooplankton in the vicinity of a Hawaiian coastal power plant. Ph.D.
Dissertation, Department of Oceanography, University of Hawaii, Honolulu.
317 pp.

Leis, J.M. 1978b. Systematics and zoogeography of the porcupinefishes  Diodon,
Diodontidae, Tetraodontiformes!, with comments on egg and larval devei-
opment. /VOAA Fish. Bu/!. 76�!:535-568.



162

Mito,

Mito,

Leis, J.M., and J,M. Miller. 1976. Offshore distributional patterns of Hawaiian fish
larvae. Mar. Biol. 36:359-367.

Lutken, C.F. 1880. Spolia Atlantica. Bidrag til Kundaskab on foraforandringer
nos fiske under deres vnext og udvikling, saerlight nos nogle of Atlanter-
havets honosfiske. Kgl. Dan. Vidensk. Se/sk. Biol. Skr. 5�2!:409-613,  In
Danish-French summary!

Mansueti, A.J., and J.D, Hardy, Jr. 1967. Development of fishes of the Chesa-
peake Bay Region: an atlas of egg, larval, and juvenile stages. Part I. Natural
Resources Institute, University of Maryland. 202 pp.

Marinaro, J.Y. 1971. Contribution a I'etude des oeufs et larves pelagiques de
poissons Mediterraneens. V. Qeufs pelagiques de la Baie d'Alger. Pelagos Ill
�! I-118+ 27 plates.  ln French � English summary!

Matsui, T. 1967, Review of the mackeral genera Scomber and Rastrelliger with
description of a new species of Rastrelliger. Copeia �!:71-83.

Matsumoto, W. 1958. Description and distribution of larvae of four species of
tuna in Central Pacific waters. U.S. Fish Wildl. Serv. Fish, Bul/. 58:31-72.

Matsumoto, W. 1959. Descriptions of Euthynnus and Auxis from the Pacific and
Atlantic Oceans and adjacent seas. Dana-Rep. Carlsberg Found. No. 50.
30 pp.

Matsurnoto, W. 1962. Identification of larvae of four species of tuna from the
lndo-Pacific region /. Dana-Rep. Carlsberg Found. No. 55. 16 pp.

Matsumoto, W. 1967. Morphology and distribution of larval wahoo Acanthocyb-
ium solandri  cuvier! in the Central Pacific Ocean. U.S. Natl. Mar. Fish.
Serv. Fish. Bull. 66�!:299-322.

Matsumoto, W.M., E.H. Ahlstrom, S. Jones, W.L. Klawe, W.J. Richards, and
S. Ueyanagi. 1972. On the clarification of larval tuna identification particu-
larly in the genus Thunnus. U.S. Natl. Mar. Fish. Serv. Fish. Bull. 70�!:
1-12.

McKenney, T.W. 1959. A contribution to the life history of the squirrel fish Holo-
centrus vexillarius Poey. Bul/. Mar. Sci. Gulf Caribb. 9�!:174-221.

IVlead, G.W. 1972. Bramidae, Dana-Rep. Carlsberg Found. No. 81. 166 pp.

Merrett, N.R., J. Badcock, and P.J. Herring. 1973. The status of Benthalbella
infans  Pisces: Myctophoidei!, its development, bioluminesence, general
biology and distribution in the eastern North Atlantic, J. Zoo/., Proc. Zoo/.
Soc. Lond. 170:1-48.

Miller, G.L�and S.C. Jorgenson. 1973. Meristic characters of some marine fishes
of the western Atlantic Ocean. U.S. Natl. Mar. Fish. Serv. Fish. Bull.

70: �!: 301-312.

Miller, J.M. 1973. A quantitative push-net system for transect studies of larval fish
and macrozooplankton. Limno/. Oceanogr. 'I8�!:175-178.

Miller, J.M. 1974. Nearshore distribution of Hawaiian marine fish larvae: effects
of water quality, turbidity and currents. In The Early Life History of Fish,
ed. J.H,S, Blaxter, pp, 217-231. New York: Springer-Verlag.

Miller, J.M. 1979. Nearshore abundance of tuna  Pisces: Scombridae! larvae in the
Hawaiian Islands. In Bull. Mar. Sci. 29�!:19-26.

Miller, J.M., and B.Y. Sumida. 1974. Development of eggs and larvae of Caranx
mate  Carangidae!. U.S. Natl. Mar. Fish. Serv. Fish. Bull. 72�!:497-514.

Mito, S. 1954. Breeding habits of a blennioid fish, Salarias enosimae. Jap. J.
Ichthyo/. 3�/4/5!:144-152,  In Japanese � English resume!

Mito, S. 1960. Egg development and hatched larvae of the common dolphin-fish,
Coryphaena hippurus Linne. Bull. Jap. Soc. Sci. Fish. 26�!:223-226.  In
Japanese � English abstract!

S. 1961a. Pelagic fish eggs from Japanese waters � I. Clupeina, Chanina,
Stromiatina, Myctophida, Anguillida, Beionida and Syngnathida, Sci. Bull.
Fac. Agric.  Kyushu Univ.! 18�!:285-310 + plates 20-34.  In Japanese�
English resume!

S. 196lb. Pelagic fish eggs from Japanese waters � II. Lamprida, Zeida,
Mugilina, Scombrina, Carangina and Stromateina. Sci. Bu/l. Fac. Agric.
 Kyushu Univ.! 18�!:461-466 + plates 39-43.  In Japanese � English
resume!

Mead, G.W. 1965. The larval form of the Heteromi  Pisces!. Brevira No. 226.
pp. 'I-5.



Mito, S. 1962a. On the egg development and early larvae of a trachinoid fish,
Champsodon snyderi Franz. Bul/. Jap. Soc. Sci. Fish. 28�!:499-503.  In
Japanese � English abstract!

Mito, S. 1962b. Pelagic fish eggs from Japanese waters � IV. Trachinina and Ura-
noscopina. Sci. Bull. Fac. Agric.  Kyushu Univ.! 19�!:369-376 + plates
6-10.  In Japanese � English resume!

Mito, S. 1962c. Pelagic fish eggs from Japanese waters � V. Callionyrnina and
Ophidiina. Sci. Bull. Fac. Agric.  Kyushu Univ.! 19�!:377-380+ plates 11
and 12.  In Japanese � English resume!

Mito, S. 1962d. Pelagic fish eggs from Japanese waters � VI. Labrina. Sci. Bull.
Fac. Agric.  Kyushu Univ,! 19�!:493-502 + plates 16-23.  In Japanese�
English resume!

Mito, S. 1962e. Pelagic fish eggs from Japanese waters � V I I. Chaetodontina, Balis-
tina and Ostraciontina. Sci. Bull. Fac. Agric,  Kyushu Univ.! 19�!:503-506
+ plates 24-25.  In Japanese � English resume!

Mito, S. 1963a. Pelagic fish eggs from Japanese waters � IX, Echeneida and Pleuro-
nectica. Jap. J. Ichthyol. 11�/6!:81-102 + plates 29-41.  In Japanese�
English resume!

Mito, S. 1963b. Pelagic fish eggs from Japanese waters � X. Gadida and Lophiida.
Jap. J. Ichthyol. 11�/6!:103-113 + plates 42-45.  In Japanese � Eng'lish
resume!

Mito, S. 1966. Fish eggs and larvae. In Illustrations of the Marine Plankton of
Japan, Vol. 7, ed. S. Matoda. Tokyo: Soyo-Sha.  In Japanese!

Mito, S., and K, Uchida. 1958. On the egg development and hatched larvae of a
scorpaenoid fish, Pterois lunulata  Temminck et Schlegel!. Sci. Bull. Fac.
Agric.  Kyushu Univ.! 16�!:381-385.  In Japanese � English resume!

Montalenti, G. 1937. Famiglia 6: Mullidae. In Fauna e Flora del Golfo di Napa/i.
38. IVlonografia. Uova, larve e stadi giovanili di Teleostei, Part III, ed. S.L.
Bianco, pp. 39'I-398+ plate XXXII.

Moore, D. 1962. Development, distribution, and comparison of rudder fishes
Kyphosus sectatrix  Linnaeus! and K. incisor  cuvier! in the western North
Atlantic. U.S. Fish Wildl. Serv. Fish, Bu/l. 196:45'1-480.

Mori, K., S. Ueyanagi, and Y. Nishikawa. 1971. The development of artificially
fertilized and reared larvae of the yellowfin tuna, Thunnus albacares. Bull.
Far Seas Fish. Res. Lab.  Shimizu! 5:219-232.   ln Japanese � English
synopsis!

Moser, H,G. 1967. Reproduction and development of Sebastodes paucispinis and
comparison with other rockfishes off southern California. Copeia �!:
773-797.

Maser, H.G., and E.H. Ahlstrom. 1970. Oeve/opment of lanternfishes  Fami/y
Myctophidae! in the California current. Part /. Species with narrow-eyed
larvae. Bull. Los Ang. Cty. IVlus. Nat. Hist. Sci. No. 7. 145 pp.

Moser, H.G., and E.H. Ahlstrom. 1972. Development of the lanternfish Scopelop-
sis multipunctatus Brauer 1906, with a discussion of its phylogenetic posi-
tion in the family Myctophidae and its role in a proposed mechanism for
the evolution of photophore patterns in lanternfishes. U.S. Natl. Mar. Fish.
Serv. Fish. Bu//. 70�!:541-564.

Moser, H.G., and E.H. Ahlstrom. 1974. Role of larval stages in systematic investi-
gations of marine teleosts: the Myctophidae, a case study. U.S. Natl. Mar. 163
Fish. Serv, Fish. Bull. 72�!:391-413.

Munro, I.S.R, 1967. The Fishes of New Guinea. Victor C.N. Blight, Sydney, New
South Wales, 650 pp., 78 plates.

Nakahara, K. 1962. A note on the larvae of Antigonia capros Lowe and Erythro-
cles schlegeli  Richardson! collected off the southern coast of Kyushu. Bull.
Jap. Soc. Sci. Fish. 28�!:484-488.  In Japanese � English abstract!

Nakamura, E.L. 1970. Synopsis of the biological data on Hawaiian species of
Stolephorus. In The Kuroshio, a Symposium on the Japan Current, ed.
J.C. Marr, pp. 425-446. Honolulu; East-West Center Press.

Nellen, W. 1973. Fischlarven des Indischen Ozeans. Meteor Forschungsergeb.
Reihe D-Biol, No. 14. 66 pp.

Nichols, J.H, 1971. Pleuronectidae. Fiches d'identification des oeufs et larves de
poissons. No. 4-6. Cons. Int. Exp/or, Mer. 18 pp.

Norcross, J.J., W.H. IVlassman, and E.B. Joseph. 1961. Investigations of inner
continental shelf waters off lower Chesapeake Bay, Part II. Sand lance lar-
vae, Ammodytes amerjcanvs, Chesapeake Sci. 2 'I-2!:49-64.



164

Ochiai, A., and K. Amaoka. 1963, Description of larvae and young of four species
of flatfishes referable to sub-family Bothinae. Bull. Jap. Soc. Sci. Fish.
29�!:127-134.  In Japanese � English abstract!

Okiyama, M. 1970. Studies on the early life history of the rainbow runner,
Flagatis bipinnulatus  Quay 5 Gaimard! in the Indo-Pacific oceans. Bull.
Far Seas Fish. Res. Lab.  Shimizu! 3:167-186.

Okiyama, M. 1972. Morphology and identification of the young ipnopid,
"Nacristie//a" from the tropical western Pacific. Jap, J. Icthyol. 19�!:
145-153.

Okiyama, M. 1974a. The larval taxonomy of the primitive Myctophiform fishes.
In The Early Life History of Fish, ed. J.H.S. Blaxter, pp. 609-62't.
New York: Springer-Verlag,

Okiyarna, M. 1974b. Record of Benthalbellainfans  Myctophiformes: Scopelar-
chidae! from Suruga Bay, Japan. Jap. J. /chthyol. 21�!:37-38.

Orton, G. 1955. Early developmental stages of the California scorpionfish,
Scorpaena guttata. Copeia �!:210-214.

Ozawa, T. 1973. On the early life history of the gonostomatid fish, Vinciguerria
nimbaria  Jordan and Williams!, in the western north Pacific. Mam. Fac.
Fish.  Kagoshima Univ.! 22�!:127-141.

Ozawa, T., and H. Tsukahara. 1973, On the occurrence of the engraulid fish,
Stolephorus buccaneeri Strasburg, in the oceanic region of the equatorial
western Pacific, J. Fac, Agric.  Kyushu Univ.! 17:151-171.

Padoa, E. 1956a. Divisione: Scombriformes. Famiglia 6: Xiphiidae.Xiphias gladius
 L.!. In Fauna e Flora de/ Golfo di Napoli. 38. Monografia. Uova, larve e
stadi giovanifi di Teleostei, Part IV, ed, S. Lo Bianco, pp. 516-521 + plate
XXX V I.

Padoa, E. 1956b, Famiglia 3: Peristediidae Peristedion cataphractum  L.!. In
Fauna e Flora del Golfo di Napoli. 38. Monografia. Uova, larve e stadi
giovanili di Teleostei, Part IV, ed. S. Lo Bianco, pp. 640-642+ plate XL.

Padoa, E. 1956c. Famiglia 4: Dactylopteridae. In Fauna e Flora de/ Golfo di
Napo/L 38. Monografia. Uova, larve e stadi giovanili di Teleostei, Part IV,
ed. S. Lo Bianco, pp. 643-648+ plates XL and XEI.

Padoa, E. 1956d. Sottordine: Disocephali. Famiglia: Echeneidae. In Fauna e Flora
de/ Golfo di Napoli. 38. Monografia. Uova, larve e stadi giovanili di
Teleostei, Part IV, ed. S. Lo Bianco, pp. 679-686.

Padoa, E. 1956e. Sottordine: Jugulares. Famiglia 9: Carapidae. In Fauna e Flora
de/ Golfo di Napoli. 38. Monografia. Uova, larve e stadi giovanili di
Teleostei, Part IV, ed. S. Lo Bianco, pp. 761-774+ plates XLIV and XLV.

Palko, B.J., and W.J. Richards. 1969. The rearing of cowfish and related species
from eggs, Salt Water Aquarium 5�!:67-70.

Pertseva-Ostroumova, T.A. 1974. New data on lanternfish larvae  lVlyctophidae,
Pisces! with oval eyes from the Indian and Pacific Oceans. Akad. Nauk.
SSSR Inst Okeanologii, Ttudy 96:77-'142.  In Russian!

Pertseva-Ostroumova, T.A., and T.S. Rass. 1973. Ichthyoplankton of the south-
eastern Pacific Ocean. Akad. Nauk. SSSR Inst. Okeanologii, Trudy
94;7-70.  In Russian!

Presley, R.F. 1970. Larva/ snowy grouper, Epinephelus niveatus  Va/enciennes,
1828!, from the Florida Straits. Fla. Dept. Nat. Resour. Mar. Res. Lab.
Leaf l. Ser. Vol. IV, Part 1, No. 18. 6 pp.

Raju, S.N. 1974a. Distribution and metamorphosis of leptocephali of the garden
eels, Taenioconger sp. and Gorgasia sp. Copeia �!:494-500.

Raju, S.N. 1974b. Three new species of the genus Monognathus and leptocephali
of the order Saccopharyngiformes. U.S. Natl. Mar. Fish. Serv. Fish. Bull.
72�!:547-562.

Randall, J.E. 1955a. A revision of the surgeon fish genera Zebrasoma and Para-
canthurus. Pac. Sci. 9�!:396-412.

Randall, J.E. 1955b. A revision of the surgeon fish genus Ctenochaetus, family
Acanthuridae, with descriptions of five new species. Zoo/ogica  N.Y.!
40�! 149-166+ 2 plates.

Randall, J.E. 1956. A revision of the surgeon fish genus Acanthurus. Pac. Sci.
'I 0�!: 1 59-235.

Randall, J.E. 1958. A review of the labrid genus Labroides, with descriptions of
two new species and notes on ecology. Pac. Sci. 12�!:327-347.



Randall, J.E. 1961. A contribution to the biology of the convict surgeonfish of
the Hawaiian Islands, Acanthurus triostegus sandvicensis. Pac. Sci. 15�!:
215-272.

Randall, J,E. 1972. A revision of the labrid fish genus Anampses. Micronesica
8�-2!:15'I -190.

Randall, J.E., and J.C. Kay. 1974. Stethojulis axillaris, a junior synonym of the
Hawaiian labrid fish Stethojulis balteata, with a key to the species of the
genus. Pac. Sci. 28�!:101-107,

Randall, J.E., and H.A. Randall. 1963. The spawning and early development of
the Atlantic parrot fish, Sparisoma rubripinne, with notes on other scarid
and labrid fishes. Zoologica  N.Y.! 48�!:49-60+ 2 plates.

Randall, J.E., and S.N. Swerdloff. 1973. A review of the damseifish genus
Chromis from the Hawaiian Islands, with descriptions of three new species.
Pac, Sci. 27�!:327-349.

Ranzi, S. 'I933a, Sparidae. In Fauna and Flora of the Bay of Naples. Monograph
No, 38. Eggs, larvae and juvenile stages of Teleostei, Part II, ed. S. Lo
Bianco, pp. 330-375+ plates XXI I-XXX.  English translation I.P.S.T. 1969!

Ranzi, S. 1933b. Lobotidae. In Fauna and Flora of the Bay of Naples. Monograph
No. 38. Eggs, larvae and juvenile stages of Teleostei, Part II, ed. S. Lo
Bianco, p, 376.  English translation I.P.S.T. 1969!

Richards, W.J., and W.L. Klawe. 1972. indexed bibliography of the eggs and
young of tunas and other scombrids  Pisces, Scombridae!, 7880-7970.
NOAA Tech. Rep. NMFS, SSRF-652. 107 pp.

Richards, W.J., and T, Potthoff. '!974. Analysis of the taxonomic characters of
young scornbrid fishes, genus Thunnus. In The Early Life History of Fish,
ed. J.H.S. Blaxter, pp. 623-648. New York: Springer-Verlag.

Robins, C.R. 1974. Review: fishes of the western North Atlantic. Part 6. Copeia
�!:574-576.

Rofen, R.R, 1966a. Family Everrnannellidae. In Fishes of the western North
Atlantic, pp. 511-565. Sears Foundation for Marine Research, Memoir
No. 1, Part 5.

Rofen, R. R, 1966b. Family Omosudidae. In Fishes of the W'estern North Atlantic,
pp. 462-481. Sears Foundation for Marine Research, Memoir No. 1, Part 5.

Rofen, R,R, 1966c. Family Paralepidae. In Fishes of the Illlestern North Atlantic,
pp. 205-261. Sears Foundation for Marine Research, Memoir No. 1, Part 5.

Ruck, J.G. 1973. Development of Tripterygion caplto and T. robustum  Pisces:
Tripterygiidae!. Zool. Publ. Victoria Univ. Wellington. No. 63. 10 pp.

Saldanha, L., and V. Blanche. 1968. Contribution a la connaissance de Facciolella
physonema  Facciola, 1914! Pisces, Anguilliformi, Nettastornidae. Revisi ta
de Faculidade de Ciencias de Lisboa. Second series � C-15�!:181-202.

Sanzo, L. 1930. Ricerche biologiche su materiali raccolti dal Prof. L. Sanzo nella
campagna idrografica nel Mar Rosso Della R.N. Ammiraglio Magnaghi
1923-1924. Vll. Plectognati. R. Comitato Talassografico ltaliano. Memoir
167.

Sanzo, L. 1931a. Suborder Salmonoidei. Family 1. Argentinidae. In Fauna and
Flora of the Bay of Naples Monograph No. 38. Eggs, larvae and juvenile
stages of Teleostei, Part I, ed. S, Lo Bianco, pp. 20-29 + plate II.  English 165
translation I.P.S.T. 1969!

Sanzo, L. 193lb. Suborder Stomiatoidei. Family 1. Sternoptichidae. In Fauna
and Flora of the Bay of Naples. Monograph No. 38. Eggs, larvae and juve-
nile stages of Teleostei, Part I, ed. S. Lo Bianco, pp. 38-44 + plate IV.
 English translation I.P,S.T. 1969!

Sanzo, L. 1931c. Suborder Stomiatoidei. Family 1. Sternoptichidae. In Fauna
and Flora of the Bay of Naples. Monograph No. 38. Eggs, larvae and juve-
nile stages of Teleostei, Part I, ed. S. Lo Bianco, pp. 45-73 + plate V.
 English translation I.P.S.T. 1969!

Sanzo, L. 'I931d. Suborder Stomiatoidei. Family 2. Storniatidae. In Fauna and
Flora of the Bay of Naples. Monograph No. 38. Eggs, larvae and juvenile
stages of Teleostei, Part I, ed. S. Lo Bianco, pp. 73-82+ plates Vl and VI I.
 English translation I.P.S.T. 1969!

Sanzo, L. 1931e. Uova, stadi embrionali e post-embrioni di Naucrates ductor.
R. Comitata Talassografico ltaliano. Memoir 'l85.



Sanzo, L. 1933. Family 2. Macruridae. In Fauna and Flora of the Bay of Naples.
Monograph No. 38. Eggs, larvae and juvenile stages of Teleostei, Part I I, ed.
S. Lo Bianco, pp. 261-270 + plate XVI.  English translation I.P.S.T. 1969!

Sanzo, L. 1940. Uova e larva appena schiusa di Lophotes cepedianus  Giorna!.
R. Comi tato Talassografico Italiano. Memoir 272. 8 pp.

Sanzo, L. 1956. Divisione Zeomorphi Regan. Famiglia Zeidae: Zeus faber L. In
Fauna e Flora del Golfo di Napoli. 38. Monografia. Uova, larve e stadi
giovanili di Teleostei, Part I V, ed. S. Lo Bianco, pp. 461-466.

Sardou, J. 1974. Contribution a la connaissance de la faune ichthyologique
Malgache: Decouverte de poissons de la famille des Schindleriidae dans le
canal de Mozambique, a Nosy-Be et etude d'une collection de Schindleria.
Cah. O. R.S. T.O.M. Ser. Oceanogr. 12�!:3-15.

Schmidt, J. 1918. Argentinidae, Microstornidae, Opisthoproctidae. Mediterranean
Odontostomidae. Report on the Oanish Oceanographical Expeditions
1908-70 to the Mediterranean and Adjacent Seas. Vol. 1, No. 5. 40 pp.

166 Schmidt, J. 1921a. Contributions to the knowledge of the young of the sun-fishes
 Mola and Ranzania!. Meddelelser fra Kommissionen for Havundersogele-
ser. Serie: Fiskeri. Bind Vl, Nr. 6:1-13+ 1 plate.

Schmidt, J. 1921b. New studies of sun-fishes made during the "Dana" Expedi-
tion, 1920, Nature 107�681!:76-79.

Schultz, L.P., W.M. Chapman, E.A. Lachner, and L.P. Woods. 1960. Fishes of the
Marshall and Marianas Islands. Bull. U.S. Nat. Mus. No. 202. 438 pp,

Sherman, K. 1961. Occurrence of early developmental stages of the oblong ocean
sunfish Ranzania laevis  Pennant! in the central north Pacific. Copeia
�!:467-470.

Shiogaki, M., and Y. Dotsu. 1972. The life history of the gobiid fish, Clariger
cosmurus. Bulletin of the Faculty of Fisheries  Nagasaki Univ.! 34:19-27.
  In Japanese � English abstract!

Shiogaki, M., and Y. Dotsu. 1973. The egg development and larva rearing of the
tripterygiid blenny, 7ripterygion etheostoma. Jap. J. Ichthyol. 20�!:
42-46.  In Japanese-English abstract!

Shojima, Y. 'I962. On the postlarvae and juveniles of carangid fishes collected
together with the jelly fishes. Bull. Seikai Reg. Fish. Res. Lab. �7!:47-58+
1 plate.  In Japanese � English synopsis!

Shores, D.L. 1969. Postlarval Sudis  Pisces: Paralepididae! in the Atlantic Ocean.
Breviora �34!:1-14.

Silas, E.G., and K.C. George. 1969. On the larval and postlarval development and
distribution of the mesopelagic fish Vinciguerria nimbaria  Jordon and
Williams!  family Gonostomatidae! off the west coast of India and the
Laccadive Sea. J. Mar. Biol. Assoc. India 11�52!:218-250.

Smith, D.G. 1969. Biological investigations of the deep sea. 44. Xenocongrid eel
larvae in the western north Atlantic. Bull. Mar. Sci. 19�!:377-408.

Smith, D.G. 1970. Notacanthiform leptocephali in the western north Atlantic.
Copeia  'l !:1-9,

Smith, J.L.B. 1965. Sea fishes of southern Africa. 5th ed. Central News Agency,
Cape Town. XVI. 550 pp., 103 plates.

Smith-Vaniz, W. F., and V.G. Springer. 1971. Synopsis of the tribe Salariini, with
description of five new genera and three new species  Pisces: Blenniidae!.
Smithson. Contrib. Zool. No. 73. 72 pp.

Sparta, A. 1933a, Contributo alla -onoscenza di uova e larve nei Labridi. IV. Uova
e larve di Julis giofredi Risso e Julis pavo ottenute da fecondazione artifi-
ciale, e stadi post-ernbrionali raccolti, nel plancton. R. Comi tato Talassogra-
fico Italiano. IVI ernoir 203.

Sparta, A. 1933b. Order. Allotriognathi. Family 1: Trachypteridae. In Fauna and
Flora of the Bay of Naples. Monograph No. 38. Eggs, larvae and juvenile
stages of Teleostei, Part II, ed. S. Lo Bianco, pp. 271-279.  English transla-
tion I.P.S.T. 1969!

Strasburg, D.W. 1956. Notes on the Blennioid fishes of Hawaii with descriptions
of two new species. Pac. Sci. 10�!:241-267.

Strasburg, D.W. 1960a. A new Hawaiian engraulid fish. Pac. Sci. 14�!:395-399.

Strasburg, D.W. 1960b. Estimates of larval tuna abundance in the central Pacific.
U.S. Fish Wil dl. Serv. Fish. Bull. 60�67!:231-255.



Strasburg, D.W. 1961. Larval carapid fishes from Hawaii, with remarks on the
ecology of adults. Copeia �!:478-480.

Strasburg, D.W. 1962. Pelagic stages of Zanclus canescens from Hawaii. Copeia
�!:844-845.

Strasburg, D.W. 1964. Postlarval scombrid fishes of the genera Acanthocybium,
Nealotus and Diplospinus from the central Pacific Ocean. Pac. Sci. 18�!:
174-185.

Strasburg, D.W. 1965, Description of the larva and familial relationships of the
fish Snyderidia canina. Copeia �!:20-24.

Struhsaker, P. 1973. A contribution to the systematics and ecology of Hawaiian
bathyal fishes. Ph.D. Dissertation, Department of Zoology, University of
Hawaii, Honolulu. 482 pp.

Swerdloff, S.N. 1970. The comparative biology of two Hawaiian species of the
damselfish genus Chromis  Pomacentridae!. Ph.D. Dissertation, Department
of Zoology, University of Hawaii, Honolulu. 192 pp.

Taning, A.V. 1918. Mediterranean Scopelidae  Saurus, Aulopus, Chloropthalrnus
and Myctophum.! Report on the Danish Oceanographical Expeditions
1908-10 to the IVlediterranean and Adjacent Seas 2 A.7!. 154 pp.

Taning, A.V. 1923. Lophius. Report on the Danish Oceanographical Expeditions
1908-10 to the Mediterranean and Adjacent Seas 2 A.10!. 30 pp.

Tchernavin, V.V. 1947. Six specimens of Lyomeri in the 8ritish Museum  with
notes on the skeleton of Lyomeri!. J. Linn. Soc. London. 61�79!:
287-350+ 2 plates.

Tester, A.L., and R.W. Hiatt. 1952. Variation in the vertebral number of the
anchovy  Stolephorus purpureus! in Hawaiian waters. Pac. Sci. 6�!:59-70.

Tortonese, E. 1956. Plectognathi. Famiglia 1: Balistidae. In Fauna e Flora del
Golfo di Napoli. 38. Monografia. Uova, larvae e stadi giovanili di Teleostei,
Part IV, ed. S. Lo Bianco, pp. 961-965+ plate LI.

Tucker, D.W. 1954. Part I. Fishes. In the "Rosaura" expedition. Bull. Br. Mus.
IVat; Hist. Zoo/. 2�!:163-214+ plates 7 and 8.

Tung, Ih-Hsiu. 1973. On the egg development and larval stages of the grey mullet,
Mugi/ cephalus Linnaeus. Report of the Institute of Fishery Biology of
Ministry of Economic Affairs and IVati onal Taiwan University 3�!:187-210
+ plates I-V.  In Chinese � English abstract!

Uchida, K., S. Imai, S. Mito, S. Fujita, M. Ueno, Y. Shojima, T. Senta, M. Tahuku,
and Y. Dotu. 1958. Studies on the eggs, larvae and juveni/e of Japanese
fishes. Series /. Second Laboratory of Fisheries Biology, Fisheries Depart-
ment, Faculty of Agriculture, Kyushu Univ., Fukuoka, Japan. 89 pp + 86
plates.  In Japanese!

Ueyanagi, S. 1963. Methods foridentification anddiscrimination of the larvae of
five istiophorid species distributing in the lndo-Pacific. Report of the
Nankai Regional Fisheries Research Laboratory, No. 17:137-'I50.  In
Japanese � English synopsis!

Ueyanagi, S. 1974. On an additional diagnostic character for the identification of
bi//fish larvae with some notes on the variations in pigmentation. NQAA
Tech. Rep. NMFS, SSRF-675:72-78.

Ueyanagi, S., and T. Doi. 1971. Spawning area of the saury in the eastern Pacific 167
Ocean. In Ecological study of the pelagic fishery resources, Tuna Fishery
Research Council, Data No. 45-9:19-21.  In Japanese!

Ukawa, M., M. Higuchi, and S. Mito. 1966. Spawning habits and early life history
of a serranid fish, Epinephelus akaara  Temminck et Schlegel!. Jap. J.
lchthyol. 13�/6!;156-161.  In Japanese � English summary!

Vialli, M. 1937a. Divisione: Percesoces. Famiglia: Atherinidae. In Fauna e Flora
del Golfo di IVapoli. 38. Monografia. Uova, larve e stadi giovanili di
Teleostei, Part I I I, ed. S. Lo Bianco, pp. 412-432+ plate XXXI V.

Vialli, M. 1937b. Divisione: Percesoces. Famiglia 3: Sphyraenidae, In Fauna e
Flora del Golfo di Napoli. 38. Monografia. Uova, larve e stadi giovanili di
Teleostei, Part I I I, ed. S. Lo Bianco, pp. 457-461 + plate XXXV.

Vooren, C.M. 1972. Postlarvae and juveniles of the tarakihi  Teleostei: Cheilodac-
tylidae! in New Zealand. N.Z J. Afar. Freshwater Res. 6�!:602-618.

Voss, N. 1954. The postlarval development of the fishes of the family Gempylidae
from the Florida Current. I. Nesiarchus Johnson and Gempylus Cuv. and
Val. Bull. Mar. Sci. Gulf Caribb. 4�!,120-159.



Watson, W. 1974. Diel changes in the vertical distributions of some common fish
larvae in southern Kaneohe Bay, Oahu, Hawaii. M.S. Thesis, Department of
Oceanography, University of Hawaii, Honolulu. 174 pp.

Watson, W., and J.M. Leis. 1974. lchthyoplankton of Kaneohe 8ay, Hawaii: a
one-year study of the fish eggs and larvae. UNI HI-SEAG RANT-TR-75-01.
University of Hawaii Sea Grant College Program, Honolulu. 178 pp,

Welsh, W.W., and C.M, Breder. 1922. A contribution to the life history of the
puffer, Spheroides maculatus  Schneider!. Zooiogica  N.Y.! 2�2!:26'I-276.

Wourrns, J.P., and O. Bayne. 1973. Development of the viviparous brotulid fish
Dinematichthysilucoeteoides, Copei a �!:32-40.

Yabe, H., S. Ueyanagi, S. Kikawa, and H. Watanabe. 1959. Study on thelifehis-
tory of the swordfish Xiphias gladius Linnaeus. Report of the Nankai
Regional Fisheries Research Laboratory, No. 10:107-150 + 1 plate.  In
Japanese � English summary!

Yamashita, D.T. 1951. The embryological and larval development of the nehu, an
engraulid baitfish of the Hawaiian Islands. M.S. Thesis, Department of
Zoology, University of Hawaii, Honolulu. 64 pp. + 12 plates.



169

Aracanidae:

SYSTEMATIC INDEX TO LITERATURE

Acanthuridae: Aboussouan, 1965; Nellen, 1973  pp. 32-33, fig. 38a-c!; Randall,
'I955a, 1955b, 1956, 1961.

Albulidae: Alexander, 1961; Eldred, 1967.

Alepocephalidae: Beebe, 1933.

Alepisauridae: Rofen, 1966b  pp. 474-475!.

Aluterldae:

A ma rsi pidae: Fourmanoir, 1971a  Amarsipus carlsbergi !.

Arnrnodytidae: Norcross et al., 1961.

A noplogasteridae:

Anotopteridae:

Antennariidae: Adams, 1960; Fujita and Uchida, 1959; Mito, 1963b.

Antigoniidae: Nakahara, 1962.

Apogonidae: Bertolini, 1933a; Breder, Jr., and Rosen, 1966; de Gaetani, 1937;
Fahay, 1975  Apogon maculatus, p. 20, fig. 13!.

Aulostomidae:

Ba listidae: Aboussouan, 1966a; Tortonese, 1956.

Barbourisiidae:

Bathylagidae: Ahlstrorn, 1965, 1969; Pertseva-Ostroumova and Bass, 1973
 8athylagus nigrigenys, pp. 12-15!.

Bathypteroidae: Okiyama, 1974a,

Belonidae: D'Ancona, 1931  pp. 147-153!; Uchida et al., 1958  p. 22!.

Bembropsidae: see Percophididae

Blenniidae: Brock, 1948; Chapman and Schultz, 1952; Dotsu and Oota, 1973;
Fives, 1970; Fourmanoir, 'l971b; Hildebrand and Cable, 1938  pp.
573-611!; Mito. 1954  this species referred to as Istiblennius by
Smith-Vaniz and Springer, 1971!; Strasburg, 1956; Watson, 1974  Omo-
branchus elongatus, pp. 36-51!.

Bothidae: Amaoka, 1970, 1971, 1973; Ochiai and Amaoka, 1963; Brunn, 1937.

Bramidae: Mead, 1972.

Branchiostegidae  =Ma lacanthidae!: Berry, 1958; Hubbs, 1958.

Bregmacerotidae: Aboussouan, 1968; D'Ancona and Cavinato, 1965; Clancey,
1956.

Argentinidae: Sanzo, 1931b.

Ariomrnidae:

Astronesthidae: Ahlstrom, 1971; Pertseva-Ostroumova and Rass, 1973  Boro-
stomias panamensis, pp. 22-23!.

Ate leo pidae:

Atherinidae: Chase, 'l969; Kuntz and Radcliffe, 1917; Vialli, 1937a,

Aulopidae: Okiyama, 1974a.

Brotulidae: Mito, 1962c  Brotula multibarbata!; de Sylva, 1970  Fig. 83, "Redfin
8rotula"!; Wourms and Bayne, 1973.

Callionymidae: Demir, 1972; Mito, 1962c; Watson, 1914; Watson and Leis, 1974.

Canthigasteridae:

Caproidae: F age, 1918.

Caracanthidae:



Derichthyidae: Castle, 1970.

Diceratiidae: Bertelsen, 1951.

Draconettidae:

Congridae: Castle, 'l964a; Raju, 1974a.

Carangidae: Aprieto, 1974  Elagatis, Seri ola, Decapterus, Selene and Oligoplites!;
Berry, 1959; Delsrnan, 1926a, 1926b  Alectis ciliaris!; Jordan and
Evermann, 1903; Leis and Miller, 1976; Miller and Sumida, 1974;
Munro, 1967; Qkiyarna, 1970; Sanzo, 1931a; Shojima, 1962  Decapterus
maruadsi!; Uchida et al., 1958  Seriola spp., pp. 52-56!; Watson and Leis,
1974.

Carapidae: Padoa, 1956e; Strasburg, 1961.

Caristiidae;

Centriscidae:

Ceratiidae: Bertelsen, 1951.

Cetomimidae: The larvae of this family have not been described as such, but
Robins �974! indicated that the mirapinniform fishes  Bertelsen and
Marshall, 1956! are in fact the prejuveniles of the cetomimids. This alloca-
tion must be considered tentative.
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Champsodontidae: Fourmanoir, 1973  Champsodon sp.!; Mito, 1962a.

Chanidae: Blanco and Villadolid, 1951; Delsman, 1926c, 1929.

Chauliodontidae: Mito, 1961; Sanzo, 1931d  pp. 73-77!.

Chaunacidae:

Cheilodactylidae: Hattori, 1964; Vooren, 1972.

Chiasmodontidae: Johnson and Cohen, 1974.

Chlorophthalmidae: Ahlstrom, 1971; Taning, 1918  pp. 4-7!.

Cirrhitidae: Fourmanoir, 1971a  Oxycirrhites!, 1973  Cyprinocirrhites!.

Clupeidae: Berry and Whitehead, 1968; Houde and Fore, 1973  Sardinella
anchovia!,

Coryphaenidae: Aboussouan, 1969; Gibbs and Collette, 1959; Mito, 1960.

Cyemidae: Castle, 1964b.

Cynoglossidae: Fujita and Takita, 1965; Hildebrand and Cable, 1930  Symphurus
piagiusa pp. 476-482!; Mito, 1963a.

Oactylopteridae: Jones and Kumaran, 1964b; Padoa, 1956c; Uchida et al., 1958
 Daicocus peterseni  Nystrom! pp. 87-89!.

Diodontidae: Sanzo, l930  series illustrated in plate 6 and tentatively identified
as a species of the tetraodontid genus Crayracion is actually Oiodon sp,!.

Dussumieriidae: Delsman, 1925; Houde and Fore, 1973; Mito, 1961a; Uchida et
al., 1958  pp. 5-7!; Watson and Leis, 'l 974.

Echeneidae: 8lache, 1964; Padoa, 1956d.

Eleotridae:

Elopidae: Eldred and Lyons, 'l966; Gehringer, 1959.

Emmelichthyidae: Nakahara, 1962.

Engraulidae: Oelsrnan, 1931; Nakamura, 1970; Qzawa and Tsukahara, 1973;
Strasburg, 1960; Tester and Hiatt, 1952; Watson and Leis, 1974;
Yamashita, 1951.

Eurypharyngidae: Tchernavin, 1947  pp. 298-302!.

Everrnannellidae: Rofen, 1966c.

Exocoetidae: Breder, Jr., and Rosen, 1966; D'Ancona, 1931  pp. 153-164!;
Hubbs and Karnpa, 1946; Uchida et al., 1958  pp, 37-44!.

Fistulariidae: Delsman, 1921; Mito, 1961a.



Gernpylidae: de Jager, 1955; Fourmanoir, 1970  Lepidocybium!; Gilchrist, 1916,'
Grey, 1960; Jordan and Evermann, 1903; Smith, 1965; Strasburg, 1964;
Voss, ' 954.

Gigantactinidae: Bertelsen, 1951.

Giganturidae: The larvae of this family have not been described as such, but
Greenwood et al. �966! indicated that the family Rosauridae  Tucker,
1954! is based on the young of a giganturid. This allocation must be con-
sidered tentative.

Gobiidae: Delsman, 1926c  Gobius sp.!; Dotu and Mito, 1955; Gosline and Brock,
1960; Shiogaki and Dotsu, 1972.

Gonorhynchidae: Furukawa, 1951; Hattori, 1964  p. 12!.

Gonostornatidae: Ahlstrom, 1974; Ahlstrom and Counts, 1958; Ahlstrom and
Moser, 1969; Grey, 1964; Jespersen and Taning, 1919; Ozawa, 1973;
Sanzo, 1931d; Silas and George, 1969.

G ra mrni co le pi di dae:

Grarnmistidae   � Pseudochromidae!: Aboussouan, 1972.

Gregorynidae: This family may be based on the young of a cheilodactylid, see
Cheilodactylidae  above! and Greenwood et al., 1966.

Halosauridae: Mead, 1965; Smith, 1970.

Hemiramphidae: Delsman, 1924; Khrapkova-Kovalevskaya, 1963; Uchida et al.,
1958  pp. 24-26!.

Histiopteridae:

Holocentridae: Jones and Kumaran, 1964a; McKenney, 1959.

Hoplegnathidae: see Oplegnathidae.

Hoplichthyidae:

I diacanthidae: Beebe, 1934.

I pnopidae: Okiyama, 1972.

Istiophoridae: Gehringer, 1956; Ueyanagi, 1963, 1974,

Krameriidae:

Kuhliidae:

Kyphosidae: Moore, 'l962; Uchida et al., 1958  p. 65!; Watson and Leis, 1974,

Labridae: Kuntz and Radcliffe, 1917  Tautoga and Tautogolabrus!; Mito, 1962d;
Nellen, 1973  Stethoj ulis sp., p. 31!; Sparta, 1933a; Watson and Leis, 1974.

I ampridae:

Linophrynidae: Bertelsen, 1951.

Lobotidae: Ranzi, 1933b; Uchida et al., 1958  Lobotes surinamensis  Bloch!
pp. 60-61!.

Lophiidae: Ahlstrom, 1972; Mito, 1963b; Taning, 1923.

Lophotidae: Sanzo, 1940,

Lutjanidae: Fourrnanoir, 1973  Symphysanodon!; de Sylva, 1970  " Snapper" !;
Fahay, 1975  Lutjanus sp., p. 24!.

Macrorhamphosidae: D'Ancona, 1933c; Uchida et al., 1958  pp. 44-45 +
plate 45!.

Macrouridae: Sanzo, 1933.

Malacanthidae: see Branchiostegidae.

Mal acostei dae:

Melamphaidae: Ebeling and Weed, 1973; Pertseva-Ostroumova and Rass, 1973
 Scopeiogadus, Scopeloberyx and Meiamphaes, pp. 43-47!.

Melanocetidae: Bertelsen, 1951.

Melanostomiatidae; Beebe and Crane, 1939; Sanzo, 1931d  pp. 80-82!.

Microdesmidae:



Monognathidae: Raju, 1974b.

Muraenesocidae: Blache, 1968.

Muraenidae: Castle, 1965b.
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N otosudidae: see Scopelosauridae.

Ogcocephalidae:

Omosudidae: Rofen, 1966b.

Oneirodidae: Bertelsen, 1951.

Molidae: Leis, 1977; Schmidt, 1921a, 1921b; Sherman, 1961.

Monocanthidae; Aboussouan, 1966a; Fujita, 1955; Hildebrand and Cable, 1930
 Monocanthus hispidus, pp. 482-487!.

Moridae: D'Ancona, 1933a; Pertseva-Ostrournova and Rass, 1973  Physiculus sp.,
p. 42!.

Moringuidae: Castle, 1965d.

Mugilidae: Anderson, 1958; Tung, 1973.

Mugiloididae  =Parapercidae!: Mito, 1962b; Nellen, 1973  Parapercis sp., p. 31!.

Mullidae: Caldwell, M.C. 1962; Marinaro, 1971; Montalenti, 1937; Uchida et
al�1958  Upeneus bensasi and Mullidae sp., pp. 58-60!.

Myctophidae: Clarke, 1973; Moser and Ahlstrorn, 1970, 1972, 1974; Pertseva-
Ostroumova, 1974.

Nernichthyidae: Castle, 1965a.

Neoscopelidae: Ok i yama, 1974a.

Nettastomidae: Castle, 1965a; Saldanha and Blanche, 1968.

Nomeidae: Ahlstrorn et al., 1976; Fourmanoir, 1971b  Psenes arafurensis!;
Legaspi, 1956.

Ophichthidae: Castle, 1965c.

Opistoproctidae: Schmidt, 1918  pp. 28-29!.

Oplegnathidae  =Hoplegnathidae!:

Ostraciontidae: Breder, Jr., and Clark, 1947; Mito, 1962e; Palko and Richards,
1969.

Paralepididae; Ege, 1953, 1957; Rofen, 1966a; Shores, 1969.

Parapercidae: see Mugiioididae.

Pegasidae: Jones and Kumaran, 1964b.

Percichthyidae:

Percophididae  =Bembropsidae!:

Peristediidae: Padoa, 1956b.

Platycephalidae: Uchida et al., 1958  Pfatycephafus indicus  Linne! pp. 86-87!.

Pleuronectidae: Mito, 1963a; Nichols, 1971.

Polymixiidae:

Polynemidae: Aboussouan,1966b; Jones and Menon, 1953  Polynemus paradiseus
Linne., pp. 259-264!.

Pornacanthidae: Burgess, 1974; Fujita and Mito, 1960.

Pomacentridae: Ahlstrom, 1965  Chromis!; Delsman, 1930; Fujita, 1957; Gosiine
and Brock, 1960; Helfrich, 1958; Randall and Swerdloff, 1973; Swerdloff,
1970.

Priacanthidae: Aboussouan, 1969; Caldwell, 1962,

Pseudochrornidae: see 6 ramrnistidae.

Pyramodontidae: Strasburg, 1965.

Rondelettndae;



Trachichthyidae:

Trachipteridae: Sparta, 1933b.
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Serrivomeridae. Castle, 1965a.

Soleidae: Mito, 1963a,

Sparidae: Ranzi, 1933a.

Scaridae: Mito, 1962d; Randall and Randall, 1963.

Schindleriidae: Brunn, 1940; Jones and Kumaran, 1964c; Sardou, 1974; Watson
and Leis, 1974.

Scomberesocidae: D'Ancona, 1931  pp, 147-153!; Uchida et al., 'l958  pp. 22-
24!; Ueyangi and Doi, 1971.

Scombridae: Chen and Tan, 1973; Jones and Kumaran, 1964d; Matsui, 1967;
Matsumoto, 1958, 1959, 1962, 1967; Matsumoto et al., 1972; Miller, 1979;
Mito, 1961b; Mori et al., 1971; Richards and Klawe, 1972; Richards and
Potthoff, 1974; Uchida et al., 1958.

Scombrolabracidae: Grey, 1960.

Scopelarchidae. Johnson, 1974a, 1974b; Merrett et al., 1973; Qkiyama, 1974b.

Scopelosauridae  =Notosudidae!: Ahlstrom, 1972; Pertseva-Ostroumova and Rass,
1973  Scapelosaurus sp., pp. 28-29!.

Scorpaenidae: Eschmayer and Randall, 1975; Mito and Uchida, 1958; Moser,
1967; Orton, 1955; Watson and Leis, 1974.

Scorpididae: Uchida et ai., 1958  Microcanthus strigatus  Cuvier et Valenciennes!
pp. 71-72!.

Serranidae: Aboussouan, 1972; Bertolini, 1933b; Fourmanoir, 'l971a  Liopro-
poma, pp. 272-278!; Kendall, 1972; Presley, 1970; Ukawa et al., 1966.

Sphyraenidae: koude, 1972; de Sylva, 1963; Uchida et al., 1958  Sphyraena
pinguis, pp. 46-47!; Vialli, 1937b.

Sternoptychidae: Sanzo, 1931c.

Stomiatidae: Ege, 1918; Sanzo, 1931e  pp. 77-79!; de Sylva and Scotton, 1972.

Styiephoridae;

Synaphobranchidae: Castle, 1965a.

Syngnathidae: Aboussouan, 1969; D'Ancona, 1933b.

Synodontidae: Gibbs, 1959; IVlito, 1961a; Okiyama, 1974a.

Tetragonuridae: Grey, 1955.

Tetraodontidae: Fujita, 1966; Leis, 1978b; Uchida et al., 1958  Fugu spp. and
Lagocephalus spp., pp. 78-85!; Welsh and Breder, 1922,

Trichiuridae: Strasburg, 1964; Voss, 1954  "Gempylus A" is Oip ospinus, see
Ahlstrom, 1971!.

Trichonotidae:

Tripterygiidae: Ruck, 1973; Shiogaki and Dotsu, 1973.

Veliferidae:

Xenocongridae: Smith, 1969.

Xiphiidae: Arata, 1954; Padoa, 1956a; Yabe et al., 1959.

Zanclidae: Strasburg, 1962.

Zeidae: Sanzo, 1956.





Part IV. Appendix � Larval Fish
Collection





LARVAL FISH COLLECTION"

BROTULIDAE + OPHI OI I DAE

Brotula multibarbata � partial
series

Unidentified species

A U LOSTOMI DAE

Aulostornus chinensis
CHAMPSODONTI DAE

Champsodon sp.

BA L ISTI DAE �  Monacanthidae?!
� early larvae

CHAN I DAE

Chanos chanos

CA L LI ON YMI DA E

Ca llionyrnus decoratus
Pogonemus pogognathus
ca. 3 unidentified types

BATHYLAGIDAE CHAU L I 0DONTI OAE

BELONI DAE

Tylosurus crocodilus
C Hl AS IVI 0 DONT I D AE

Chiasrnodon sp.
Kali sp.
Pseudoscopelus sp.

ALBULI OAE

Albula vul pcs
CANTHI GAST E R I DAE

Canthigaster sp.

ALE PI SAU R I DA E CHLO BOP HTHALMI DAE

Chlorophthalmus proridens
CAPROIOAE?

ANOPLOGASTE R I DAE

Anoplogaster cornuta CI R R H I Tl DAE

4 mb I ycirrhites birnaculata
Cirrhitops fasciatus
Oxycirrhites typus
Unidentified spp.

177ANTE NN AR I I DAE � unidentified

early larvae

CONG R I DAE

COR YPHAE N I OA E

Coryphaena hippurus

CA R AP I DA E CYEMIDAE

ARGENT IN I DAE

Glossanodon struhsakeri
CA R I ST I I DA E

Car istius sp.
DACTY LOPTE R I DAE

Dactyloptena orienta lis8 RAM I DA E

ASTRONEST Hl DA E � unidentified
larvae

8 R EG MACE ROTI DAE
8 regmaceros spp.

DI ODONTI DAE

D iodon holocanthus

D. hystrix?

CE RATI I DA E

Cryptosarus couesi

ATHE R IN I DAE

Pranesus insularum

Iso hawaiiensis

CHAETODONTIDAE

Chaetodon trifasciatus

C. unimaculatus � partial series

"Collection contains specimens of various developmental stages. Not all species are represented by complete series and some are known only from juveniles.

ACANTHURIDAE � mostly juveniles
Acanthurus triostegus

sandvicensis

Acanthurus sp.
Ctenochaetus strigosus
Nasa brevirostris

Naso sp.
Zebraso ma flavescens

Unidentified acronurids

APOGON I DAE

Apogon erythrinus
A. maculiferus?

Epigonus atherinoides?
Foa brachygramma--partial

reared series

ca. 8 unidentified types

8 LENNI I DAE

Blennius sp.
Cirripectus sp.
Enchelyurus brunneolus
Entomacrodus marmoratus
Exallias brevis

I stiblennius zebra

Omobranchus elongatus
Plagiotremus  =Runula! goslinei
ca. 4 unidentified types

BOTH! DAE

Arnoglossus debilis
Bothus pantherinus
B. thompsoni?
Engyprosopon xenandrus
Pelecanichthys crurnenalis
Unidentified spp.

CARANGI DAE

Caranx ignobilis?
C. mate � reared series

Decapturus  pinnulatus?!
Gnathanodon speciosus
Naucrates ductor

Scomberoides lysan
Seriola rivoliana

Trachurops  =Se lar!
crumenophthalmus

ca. 11 unidentified types



MURAENI DAE

I D I ACANTHI DA E

MO R I N G U I DAE

DUSSUM I E R I I DAE

Etrumeus teres

Spratelloides delicatulus

E LEOTR I DAE

Asterropteryx semi punctatus
Eviota epiphanes

EN G R AULI DAE

Stolephorus purpureus
S. buccaneeri

E UTAENlOPHOR I DAE

EVE RMANNE LLI DAE

Evermannel la sp.

E X 0 CO ET I DAE

ca. 7 unidentified types

178 F ISTULA R I I DAE

F istularia petimba
F istularia sp.

GEMPYLIDAE

Gempylus serpens
Lepidocybium flavobrunneum
Nealotus tripes
Nesiarchus nasutus

Promethichthys prometheus

G I G ANTACTI Nl DAE

Gigantactis sp.

6 IGANTUR I DAE
"rosa ura" larvae

GOBI I DAE

Bathygobius cotticeps
B. fuscus

Kellogella oligolepis
Oxyurichthys 1onchotus
Psilogobius mainlandi
ca. 10 unidentified types

GONOR H YN C HI DAE

Gonorhynchus gonorhynchus

GONOSTOMATI DAE

Cycloth one sp.
Danaphos  oculatus?!
Dipiophos taenia
Gonostoma atlanticum

G. el ongatum
I chthyococcus sp.
Valenciennellus tri punctatus
V inciguerria nimbaria

HEMI RAMPHI DAE

HOLOCENTRI DAE

Holocentrus sammara?

Myri pristis sp.
Unidentified spp.

I ST I OP HO R I DAE

Tetrapturus audax
T. augustirostris
Unidentified sp.

K UH L I I DAE

Kuhlia sandvicensis

K YP HOS I DA E

Kyphosus vaigiensis

LABR I DAE

Chei linus sp.
Cy rno lates I ec lusei
Hemipteronotus sp.
Pseudocheilinus sp.
Stethojulis balteata
Thalassoma sp.
ca. 3 unidentified types

LUTJANI DAE

Symphysanodon sp.
ca. 6 unidentified types

MACROURIDAE

Hymenocephalus sp.

MA LACANTHI DAE

Malacanthus parvipinnis

MA LACOSTE I DAE

ca 3 unidentified types

ME LAMP HAI DAE

IVIelamphaes sp.

ME LANOCET I DAE

Melanocetus johnsoni

ME LANOSTOMIATI DAE

Bathophilus sp.
Eustomius sp.
Photonectes sp. ?

MICRODESMI DAE

Gunnel lichthys sp.

MO LI DAE

Ranzania laevis

MOR I DAE

Physiculus sp.?

MUG I LI DAE

Chelon engeli
Mugil cephalus � reared series

MUG I LO I D I DAE
Neopercis roseovlridis
Parapercis schauinsland

MY CTOP HI DAE

Benthosema sp.
Bolinichthys spp.
Ce ntrobran chus ch oerocepha lus
Ceratoscopelus

townsendi-complex
Diaphus sp.  slender!
Diaphus sp.  stubby!
Diogenichthys sp.
Hygophum proximurn
H. reinhardti

Hygophum sp.?
I ampadena urophaos
L. luminosa

Lampanyctus niger
L. nobilis

Larnpanyctus spp.
Lobiancha sp.
Loweina rara

Myctophum sp.
N otoscopelus sp.
Proto myctop hum sp.
Syrnbolophorus  evermanni?!
Taaningichthys bathyphilus
T. minimus

Triphoturus nigrescens
3 unidentified species

NEOSCOP E LI DAE

Scopelengys tristis



ONE I ROD I DAE

OP HICHTHI DAE

ZEI DAE

Zenion sp.

179ZOA RC I DAE ?

STOM I ATO I D

NOME I DAE

Cubiceps pauciradiatus
Nomeus gronovii
Psenes  cyanophyrs?!

OGOCE P HA L I DAE

Dibranchus erythrinus
Unidentified species

OST R AC I 0 DONT I DA E

Lactoria spp.
Ostracion meleagris

PARALEPI DIDAE

Lestidium sp.
Stemnosudis macrurus

Sudis atrox

Unidentified spp.

PEGASI DAE

Pegasus papilio

PE R CI CH TH Y I DAE

Howe lla sp.

P LE URONECTI DA E

Samariscus cora llinus

S. triocellatus

POLYNEMI DAE

Polynemus sexfilis � reared
specimens

POMACANTHI DAE

Centropyge sp.

POMACE NTR I DA E
Abudefduf abdominalis � reared

specimens
Chromis acares or C. vanderbilti

C. ovalis

C. verater

Eupomacentrus fasciolatus
Plectroglyphidon imparipennis
P. johnstonianus
ca, 9 unidentified types

P R I ACANTHI DAE

PS E U DOCH ROM I DAE

Aporops bilinearis
Pseudogramma polycantha

SCAR I DAE

Scarus dubius

Unidentified spp.

SC H I N D LE R I I DA E

Schindleria pietschrnanni
S. praematurus

SCOMB R IDAE

Acanthocybium solandri
Auxis sp.
Euthynnus affinis
Katsuwonus pelarnis
Scomber australasicus

Thunnus alai unga?
T. albacares

T. obesus?

SCOMBROLABRACHIDAE
Scombrolabrax heterolepis

SCOPE LA R C HI DAE

Benthabel la sp.
Scopelarchus sp.

SCOPE LOSAUR I DAE
Ahliesaurus brevis

Scopelosaurus smithi??

SCORPAENIDAE

Pterois sphex
Taenianotus triacanthus

ca. 9 unidentified types

SE R RAN I DAE

Odontanthias fuscipinnis?
Pikea aurora

Pseudanthias thompsoni

SOLE I DAE

Aseraggodes sp.
Unidentified sp.

SPHYRAENIDAE

Sphyraena barracuda
Sphyraena sp  helleri?!

STERNOPTYCHI DAE

Sternoptyx sp.

SYN GNATHI DAE

Hippocampus kuda
Syngnathus belli
Unidentified spp.

SYNODONTI DAE

Saurida gracilis
Synodusspp.
Trachinocephalus myops

TET RAODONTI DAE

Arothton sp.
Lagocephalus lagocephalus
Unidentified spp.

TRACHIPTE R I DAE

Trachipterus fukuzakii
Zu cristatus

TRICHI URIDAE

Diplospinus multistriatus

TRICHONOTIDAE

Crystall od ytes cooke i
Lirnnichthys donaldsoni

TR I PTE R YG I I DA E

Tripterygion atriceps

X I P H I I DA E

X~ph~as gladius
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