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ABSTRACT 

Larvae of Crossorhombus mlde-rostmtus (Alcock) and C. azureus (Alcock) containing post-flexion 
stages ranging in size from 6.0 mm to 12.9 mm SL and 7.5 mm to 18.8 mm SL respectively were 
found in the zooplankton collected during the International Indian Ocean Expedition (IIOE) (196-605) 
and Naga Expedition (1959-61). 

The flat leaf-like body, continuous dorsal and anal fins with soft rays, presence of spines (serrations) 
on posterior basipterygial processes and their absence on cleithra and urohyal distinguish the larvae 
from others. The larvae of C. azureus and those of C. valde-rostratus resemble very closely with each 
other in general shape and meristics. But they can be distinguished by the presence of a tiny spinous 
process on the urohyal at its anterior end in C azureus. The larval stages of both these species are 
reported and described for the first time. 

In the Indian Ocean the larvae of C. valde-rostratus appear to prefer open ocean, found in the 
stratum sampled during day time as well as during SW monsoon period whereas C. azureus showed 
a decided liking to coastal or nearshore waters and occurred in the stratum mostly during night. 
However they also preferred SW monsoon season as the other species. Naga samples also showed 
identical preferences in so far as diel variation is considered but they, were mostly found in open 
ocean. A significant negative correlation was found between the distribution of C. valde-rostratus 
and the dissolved oxygen values indicating their tolerance to low oxygen concentrations. 

INTRODUCTION and abundance in the Indian Ocean, Gulf of 
Thailand and South China Sea. 

THE ADULT flat fishes of the genus Crosso-
/•Aow6«.y reported from Indo-Pacific region are The author is very grateful to Prof. 
Crossorhombus valde-rostratus, C. azureus, (D^-) N. Balakrishnan Nair, Chairman, State 
C. kobensis and C. kanekonis (Norman, 1934 ; Committee on Science, Technology and 
Amaoka, 1969). Of these only the larvae of Environment, Kerala State, Trivandrum for 
C. kobensis and C. kanekonis from Japanese his valuable suggestions; to the Director, 
waters are studied and reported (Ozawa and National Institute of Oceanography, Goa and 
Fukeri, 1986). The present report refers to Scientist-in-Charge, Regional Centre of NIO, 
the descriptions of the post-larvae of C. valde- Cochin for their constant encouragement. 
rostratus and C. azureus and their distribution The author expresses her sincere gratitude 

to late Prof, E. H. Ahlstrom, Southwest 
• Presented at the'Symposium on Tropical Marine Fisheries Centre, La JoUa, California, USA 

Living Resources* held by the Marine Biological for his technical support and guidance 
Association of India at Cochin from January 12—16, . - ,. . ,. . , ^ff .̂ „ , .^ y.^^ 
1988. w flnalismg the identification and to Prof. 
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(Dr.) K- P. Balakrishnan, School of Environ­
mental Studies, Cochin University of Science & 
Technology, Cochin for all the help throughout 
the studies. She is grateful to the members of 
the Consultative Committee IIOE, staff of 
lOBC as well as to Naga Expedition authori­
ties for placing the study material at her 
disposal. 

MATERIAL AND METHODS 

The flat fish larvae contained in the zoo-
plankton sampled from the Indian Ocean 
during IIOE (1960-65) from the Gulf of 
Thailand and South China Sea during Naga 
Expedition (1959-61), were sorted out and 
identified. A set of larvae were used to take 
morphometric data using stage and ocular 
micrometer. The numerical counts were also 
made with the microscope. Another set of 
specimens were sacrificed to study the develop­
ment of bone and cartilage using alizarine red 
and alcian blue which stained bone and carti­
lage differentially and cleared the flesh with 
enzyme trypsin (Dingerkus and Uhler, 1977). 

Projectine Optik Switzerland was used to 
draw details of the larval stages. The larval 
distribution and abundance were represented 
by way of charts for which the samples were 
compared on the basis of number per 1000 m* 
of water filtered and represented by selected 
notations for different grades of density. 
Wherever the number of larvae could not be 
assessed as for instance in some of the Naga 
samples, their presence is marked by the sign 
' + '• Statistical analysis of data were made 
wherever possible. 

DESCRIPTION 

Crossorhombus valde-rostratus (Alcock, 1890) 

Larval forms ranging from 6.0 mm SL to 
12.9 mm SL are found in the IIOE and Naga 
Expedition zooplankton collections. Only 
Post-flexion stages were available in these 
collection (Fig. 1, Tables la, b). 

Morphology 

The larval body is thin, transparent, trans­
lucent, symmetrical and ovoid. The eyes are 

1 mm 

FIG. 1. Postlarva of Crossorhombus valde-rostratus — 9.6 mm SL. 



TABLE 1 a. Morphometries (in mm) of larvae o/Ciossorhombus valde-rostratus 

Station 

S8—23B 

>> 
Ki-407 

SlO-7 

SllClOO 

Di-5514 

SllC-34 

SllC-53 

' Station 

S8-a3B 

• " 

Di-5505 

Di-5543 

SllC-80 :. 

snc^34 

SllG-53 

Body 
Length 

(SL) 

6.0 

6.9 

8.0 

8.9 

9.8 

10.2 

. 12.2 

. 12.9 

Size 
(mm) Stage 
(SL) 

6.0 Postfl. 

6.9 

8.1 

9.2 

10.8 

12.2 

12.9 

Right 
Eye 

SYM 

Noto-
chord 

FLD 

Snout 
to 

Anus 

2.1 

2.3 

2.5 

2.4 

2.5 

2.5 

3.1 

3.1 

Head 
Length 

2.0 

2.4 

2.2 

2.4 

2.5 

2.2 

3.3 

3.2 

TABLE 1 b. Meristics of larvae o 

Noto-
chord 

Flexed. 

5 J 

» 5 

,, 

J J 

»» 

Right 
Eye 

Sym. 

Dorsal 

85 

89 

86 

85 

86 

82 

84 

Fin 

Anal 

66 

66 

68 

66 

64 

62 

64 

Snout 
Length 

0.63 

1.29 

0.97 

1.09 

1.16 

1.09 

1.29 

1.29 

Eye 
Width 

0.35 

0.39 

0.50 

0.45 

0.45 

0.48 

0.58 

0.58 

/ Crossorhombus 

rays 

Caudal 

17 

17 

17 

17 

17 

17 

17 

Left 
Pelvic 

3+3 

5S 

J > 

J> 

>> 

» ? 

5 5 

Eye 
Height 

0.35 

0.40 

0.55 

0.48 

0.4« 

0.53 

0.64 

0.61 

Body Depth at 

Pectoral Anus 
Base 

3.8 

4.1 

4.5 

5.9 

6.2 

6.7 

8.1 

8.8 

valde-rostratus 

Vertebrae 

Pre-
caudal 

10 

10 

10 

10 

10 

10 

10 

Cau­
dal 

26 • 

26 

26 

26 

24 

24 

25 

3.8 

4.2 

4.4 

5.9 

6.2 

6.5 

7.9 

8.3 

Total 

36 

36 

36 

36 

34 

34 

35 

Caudal 
Depth 

0.84 

1.06 

1.00 

1.70 

2.00 

2.10 

2.50 

2.80 

Uro-
hyal 

0 

0 

0 

0 

0 

0 

0 

Peduncle 
Length 

0.32 

0.43 

0.42 

0.68 

0.64 

0.68 

1.09 

1.00 

Snout to Orijpn 
of Pelvic Fin 

1.00 

1.30 

0.80 

0.80 

0.80 

0.80 

0.90 

1.00 

Spines 

Qei-
thra 

0 

0 

0 

0 

0 

0 

0 

Posterior basi-
pteiygial 
processes 

3 

4 

3 

6 

6 

6 

8 

f 

i 
5 
O 
•a 

Co 
O 

§ 

8 
5 
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black. Eyes remain symmetrical even in the 
largest specimen found in the collections. 
Jaws carry small teeth. The anterior portion 
of the alimentary canal runs almost parallel 
to the vertebral column upto the level of the 
7th vertebral segment, there after runs down 
making a single elliptical coil. In the largest 
specimen available in the collection the anus 
opens at the level of the 5th vertebral segment. 
The liver is not massive as in Engyprosopon, 
Bothus, Psettina and Arnoglossus spp. Its 
dorsoventral axis is twice its anteroposterior 
axis along its greatest width. The ventral 
portion papers and is placed below the intes­
tinal coil. The swim bladder occupies the 
space between 8th and 10th vertebral segments. 
The swim bladder does not appear to push 
the alimentary canal down as is seen in some 
species. 

Spines are found only on the left ramus of 
the posterior basipterygial processes and are 
few in number. The spines get reduced in 
size towards distal end. 

Fin and supporting structures 

The median fins are continuous. The for­
ward extension of the dorsal fin fold has 
reached up to the level of the snout, but it is 
not fused with the cranium. The tiny first 
dorsal ray is discernible in 6.0 mm SL in which 
the full complement of the median rays charac­
teristic of the species are found. In the dorsal 
fin there are 82-89 rays and in the anal fin 
62-68 rays. The second elongtaed dorsal 
ray so characteristic of bothids is hardly dis­
tinguishable even in the earliest larva available. 
The caudal fin rays are 17 in number which are 
distributed on hypural plates as follows: 
Inferior hypural lower 3, inferior hypural 
middle 4, superior hypural middle 5, superior 
hypural upper 3 and one ray each on neural 
and haemal processes of the penultimate 
vertebra. 

The pelvic fin radial, fin rays and posterior 
basipterygial processes are well differentiated 

in 6.0 mm SL. The pelvic fin radial of the 
left side is longer than the right and three left 
pelvic fin rays are seen in advance of the right 
fin. In 8.9 mm SL larvae, the fourth pelvic 
fin ray lies opposite the tip of the cleithra. 
The posterior basipterygial processes lie along 
the ventral aspect of the abdominal wall. The 
distal extremity of the left ramus tapers and 
reaches almost upto the middle level of the 
intestinal loop, while that of the right ramus 
before reaching the level of the distal end of the 
left ramus curves dorsalwards and forwards 
and stops infront of the tip of the liver. 

Axial skeleton 

In the absence of preflexion and flexion 
stages, it was not possible to study the pro­
gress of ossification in detail. In 6.0 mm 
larvae the vertebral segments are clearly 
marked. The neural processes are bony. 
The haemal processes of the caudal region are 
also bony. The spines of the precaudal haemal 
arches are reduced in the last three, fairly well 
developed in the preceeding three and absent 
in others. The first neural arch remains 
cartilaginous even in the largest specimen of 
the present account. The number of verte­
brae ranges from 10 + 24 — 26 including 
urostyle (Table 1 b). 

Crossorhombus azureus (Alcock 1889) 

Larval forms ranging from 7.5 mm SL to 
18.8 mm SL are found in the plankton col­
lections taken during the IlOE and Naga 
Expedition. The plankton samples contained 
only postflexion stages (Fig. 2, Tables 2 a, b). 

Morphology 

The larval body is thin, symmetrical, ovoid 
and translucent in early postflexion stages. 
In advanced forms the body gets more elon­
gate. The - eyes are black and symmetrical. 
No; sign o^ migration is "observed even in the 
largest specimens available in the plankton 
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collections. The jaws are equal and carry 
small teeth. The anterior portion of the 
alimentary canal runs parallel to the notochord 
only for a very short distance and then runs 
down obliquely. The intestinal coil is elliptical 
and is placed at the posterior ventral aspect 
of the abdominal cavity. The rectal portion 
of the alimentary canal is pushed forwards 
and the anus opens at the level of the fifth 
vsrtebral segment in the largest specimen. 

number when compared to many other species. 
The spines decrease in prominence and size 
posteriorly. A small spinuous process is 
found on the urohyal at its anterior end near 
the notch upto which left ventral fin radial 
extends. 

Fin and supporting structures 
The forward extension of the dorsal fin 

fold has reached upto the level of the snout 

1 mm 

FIG. 2. Postlarva of C. azureus — 12.4 mm SL. 

The liver is net massive as in Engyprosopon, 
Bothus, Psettina and Arnoglossus spp. Its 
dorsoventral axis is more than twice the 
anterior-posterior axis. The swim bladder 
occupies the space between eighth and tenth 
vertebral segments. It does not seem to 
interfere with the orientation of the intestinal 
loop and is placed obliquely downwards 
almost touching the posterior border of the 
abdominal cavity. 

Spines are found only oh the left ramus of 
the posterior basipterygial processes, less in 

and is not fused with the ethmoidal region 
of the cranium. The elongated ray is com­
paratively shorter than in other species and it 
can be distinguished only with great difficulty 
from the remaining rays in postflexion stages 
beyond 11.2 mm SL. The first ray is tiny 
and discernible even in the smallest larvae 
(7.5 mm SL) of the collections. Full comple­
ment of the median and caudal fin rays are 
found in 7.3;jnmSL larvae and above, ,There 
are 82'92 dorsal and 61-73 anal rays (Table 2 b). 
Of the 17 caudal rays, three are borne on 



TABLE 2 a. Morphometries (in mm) of larvae of Crossorhombus azureus 

Station 

S4-8 
Ki-363 
OS-4 
SllC-46 
SHC-80 

snc.53 
NH-40 
DM1/57A/64 . 

£>i6608 
Pi20 

Body 
L e n ^ 

(SL) 

. 7.5 

. 9.2 

. 10.4 

. 11.2 

. 12.3 

. 13.5 

. 14.8 

. 15.8 

. 17.0 

. 18.0 

Right Noto- Snout Head Snout Eye Eye 
Eye chord to Anus Length Length width Height • 

Body Depth at 

Pectoral Anus 
Base 

Caudal Peduncle Snout to Origjn 
Depth Lengfli of Pelvic Fin 

SYM FLD 2.20 
2.50 
2.70 
2.60 
2.80 
2.70 
3.60 
3.10 
3.90 
4.70 

2.20 
2.70 
2.90 
2.90 
2.90 
2.80 
3.40 
3.80 
4.50 
4.30 

0.90 
1.19 
1.14 
1.24 
1.19 
1.13 
1.40 
1.29 

1.70 
1.60 

0.48 
0.48 
0.55 
0.52 
0.55 
0.58 
0.58 
0.61 
0.64 
0.87 

0.53 
0.58 
0.61 
0.55 
0.55 
0.61 
0.62 
0.71 
0.64 
0.87 

4.9 
6.2 
6.9 
7.8 
8.3 
8.8 

11.1 
9.8 

10.5 
9.8 

4.9 
6.1 
6.7 
7.4 
8.1 
8.9 

11.1 
9.3 

11.0 
9.9 

1.6 
1.7 
2.2 
2.5 
2.5 
2.8 

3.4 

3.7 

3.5 

0.67 
0.68 
0.81 
0.93 
0.97 
1.01 
1.32 
1.21 
1.21 
1.33 

0.64 
0.80 
1.00 
1.10 
1.10 
0.80 
0.90 
0.70 
0.90 
1.30 

H 
> TABLE 2 b. Meristics of larvae o/Crossorhombus azuieus 

Station 

S4-8 
S4-6 
Ki-363 
SllC-90 . . 
SllC-53 
S4-6 

5» 

Dml/57A/64 
Di 5508 
Pi 20 
Nal43 

Size 
(nun) 
(SL) 

7.5 
8.9 
9.2 
9.8 

11.0 
12.6 
13.5 
15.8 
17.0 
18.0 
18.8 

Noto- Right 
Stage chord ]^e 

Fin rays Vertebrae Spines 

Dorsal Anal Caudal Left Pre-
Pelvic caudal 

Cau­
dal 

Total Uro- Clei- Posterior basip-
hyal thra terygial 

processes 

> 

5 

Postfl. Flexed SYM 86 
87 
85 
86 
82 
90 
92 
86 
92 
90 
89 

63 
68 
67 
61 
63 
70 
72 
68 
73 
67 
67 

17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 

3+3 10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

26 

27 

26 

26 

25 

26 

26 

25 

26 

26 

26 

36 

37 

36 

36 

35 

36 

36 

35 

36 

36 

36 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

6 

5 

7 

10 

9 

7 

6 

4+ 

7 

7 
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inferior hypural lower, four on inferior hypural 
middle, five on superior hypural middle, three 
on superior hypural upper and one ray each 
on either Side borne directly by the neural 
and haemal processes of the vertebrae just 
in front of the urostyle. 

The pelvic fin radials, rays and posterior 
basipterygial processes are well differentiated 
in 7.5 mm SL larvae. The left pelvic fin radial 
is longer than the right and three rays of the 
left lie in advance of that of the right fin. In 
13.8 mm SL larvae fourth pelvic fin ray lies 
opposite the cleithral tip. The left ramus of 
the posterior basipterygial processes extend up 
to the middle level of the intestinal loop where 
it tapers. The right ramus before reaching the 
terminal portion of the left curves like a tendril 
and stops in front of the tip of the liver. 

Axial skeleton 

As there is no preflexion and flexion stages 
available in the plankton collections, the stages 
at which the notochord gets segmented into 
vertebrae are not described in the present 
report. There are 10 percaudal and 26 caudal 
vertebrae including the urostyle, discernible 
in 7.5 mm SL larva (Table 2 b). The neural 
processes of the precaudal and caudal region 
as well as the haemal processes of the caudal 
region are distinguishable in 7.5 mm SL larvae. 
The haemal processes of the precaudal region 
are small in the last three vertebrae, fairly 
large in the seventh, sixth and fifth, but in 
advance stages the haemal spines are the same 
size they are not traceable in the first four, 
however, arches are found except in the first 
vertebrae. The centre of the vertebrae are 
also distinguishable in 7.5 mm SL larvae and 
ossification seems to have commenced in 11.0 
mm SL and not completed even, in. 18.8 mm 
SL. The first neural arch remains cartilagi­
nous even in the largest specimen (IS,8 mm SL) 
available in the collection. 

jj DISTRIBUTION 

Crossorhombus valde-rostratus 
In the samples from the Indian Ocean, the 

larvae of C. valde-rostratus were found in sta­
tions situated in the open ocean (Fig. 3). They 
were contained in the plankton samples taken 
from stations off the coast of East Africa, 
Somali Coast, north of Madagascar, in the 
central part of the Bay of Bengal, and north­
west coast ot Australia. They were conspi-
culously absent from the plankton samples 
taken from the Arabian Sea. They were 
mostly found in the collections taken during 
day time. They were also found in the collec­
tions taken during SW monsoon period. The 
depths of the stations from were the samples 
were collected ranged between 997 and 4970 m. 
Only post-flexion stages were available in the 
collections. Temperature ranged between 
13.02 and 28.6°C. The salinity ranged bet­
ween 32.05 and 35.59 %o and dissolved oxygen 
varied between 0.18 and 5.10 ml/1. A signi­
ficant negative correlation was found between 
the larvae and dissolved oxygen values 
(R=—0.5907, P<0.05). The zooplankton-
biomass (volume) ranged between 13.5 and 
100.0 ml/1000 m». 

The observations from the Naga samples 
also revealed that this species showed pre­
ference to open sea (Fig. 3). None of the 
stations from the Gulf of Thailand contained 
larvae of C. valde-rostratus. The depth of the 
stations from where the larvae of C. valde-
rostratus were collected ranged between 1350 
and 5413 m. In Naga collections most of the 
samples (7/8) containing the larvae of this 
species were taken during day time. They 
were found in the months of March, April, 
May and September. Only postflexion stages 
were found in the plankton collections. The 
temperature, salinity and dissolved oxygen 
data were availabh only for a few stations 
where it is found to vary between 9.61 and 
28.05''C, 33.22 4nd ' 34.69 %o and 1.78 and 
4.6^ mV* respectively. 
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Crossorhombus azureus / 
The larvae of C. azureus also appears to 

have a wide range of distribution, but they are 
mostly confined to coastal or nearshore waters. 
They were found in the Indian Ocean along 
the coast of South Africa, northern tip of 
Madagascar, east coast of Sri Lanka, east 
coast of India, south-west coast of Australia 
(Fig. 4). They were also found in the open 

vary between 12.55° and 29.60°C. The sali­
nity ranged between 28.69 and 35.90%o and 
th^ dissolved oxygen showed a variation of 
0.20 and 5.43 ml/1. The zooplankton biomass 
(volume) varied between 20.0 and 215.0 
ml/1000 m*. The coefficient of correlation 
between plankton and postlarvae showed 
significant positive correlation (R=0.7646, 
P<0.01).' 
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Fio. 3. Distribution of larvae of C. valde-rostmtus in the Indian Ocean, the Oulf of Thailand and South 
China Sea. 

ocean. The depths of the stations from where 
the samples were collected ranged between 
110 and 5504 m. The larvae were found mostly 
in the plankton samples taken at night (7/13). 
Nine out of 13 samples were taken during SW 
monsoon period. All the larvae were con­
fined to postflexion stages. Preflexion, flexion 
and midflexion stages were b?;ing absent in the 
collections. The temperature was found tq 

In the Naga Expsdition samples, the larvae 
of this species were found in the collections 
taken from open sea (Fig. 4). As in the case 
of C. valde-rostratus they were absent from the 
samples taken from the Gulf of Thailand. They 
were found only in collections taken during 
night and were confind to the mOnths;. of 
March and May;: ;The ^spxh. of: the stations 
from which the samples containing lairvae of 
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this Species were taken ranged between 77'm elongated dorsal ray at the anterior end of 
and 5358 m. No preflexion and flexion stages 
were available in the collection. The tem­
perature, salinity and dissolved oxygen data 
were available only for a few stations and 
ranged between 9.61 and 28.02°C, 33.50 and 
34.66 %o and 2.07 and 4.77 ml/1 respectively. 

the dorsal fin, the meristics as well as general 
shape of the postlarval body M p to place the 
larval stages described here imder the genus 
Crossorhombus. 

The presence of tiny spinous process at the 

_\ \_ 

FIG. 4. Distribution of larvae of C. azureus in the Indian Ocean the Gulf of Thailand and South 
China Sea. 

DISCUSSION 

The larval forms contained in the IIOE 
and Naga Expedition pletnkton sample dis-
cribed herein possess the generar characters 
shared by the bothid larvae. Absence of 
preflexion and flexion stages in the plankton 
collections limits details of characters useful 
in identifying early larval forms. However, 
the restriction of spines to the posertior basi-
pterygial processes, and their absence on 
cleithra and urohyal, the short len|;th of the 

anterior end of the urohyal (sciatic portion) 
near its notch in C azureus together with the 
fflieristics provide some clue ,tp distinguish 
ihAmitom C.valde-rosiratus. 

Ochiai and Amaoka (1963) described three 
postlarval forms of C. valde-rostratus ranging 
from 16.0 to 17.5 mm from Japanese waters. 
From their description it is seen that spines 
arepresenton the urohyal, cleithra and pos­
terior basipterygial processes. Perteseva-
Ostroumova (1965) has described larval stages 
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ranging from 2.90 to 13.14 mm and placed 
them under C azureus. The descriptions as 
well as figures published on these larval forms 
reveal that spines are present on urohyal, 
cleithra and posterior basipterygial processes. 
The present oservations on the larval charac­
teristic of Crossorhombus species from the 
Indian Ocean, South China Sea and Gulf of 
Thailand have been confirmed by Dr. Ahlstrom 
(per. comm., 1977) who haf examined the 
larval materials critically. Ozawa and Fukui 
(1986) also reported spines only on the pos­
terior basipterygial processes for C. kobensis 
and C. kanekonis. The larval forms described 
by Ochiai and Amaoka (1963) as well as 
Pertseva-Ostroumova (1965) may therefore 
be referrable to Engyprosopon spp. and not to 
Crossorhombus spp. 

Amaoka (1969) has stated that eventhough 
C. valde-rostratus is synonymised with C. 
kobensis (JSngybrosopon koberisis Hubbs, 1915 
by Norman (1934), the specimens of C. kobensis 
from' Japanese waters differ from C. valde-
rostratus collected from waters off Sri Lanka 
and East Africa. Amaoka (1969) has also 

reported that C. azureus obtained from Sri 
Lanka and South Eastern Indian waters 
resemble closely with C. kanekonis from Japan 
waters. But he is of the view that these two 
species are separable from each other in adult 
characteristics. The adults of C valde-
rostratus and 0, azureus are recorded from 
Indian waters. The larvae of these species 
are described and reported for the first time. 

The distribution of larvae of C. valde-
rostratus and C. azureus suggest thgt the latter, 
though widely distributed prefer to be in 
coastal or nearshore whereas the former is 
found in open ocean. Eventhough both of 
them preferred SW monsoon period C. valde-
rostratus showed an interest to day light, but 
C. azureus preferred darkness. The signi­
ficant negative correlation between C. valde-
rostratus and oxygen indicate its capacity to 
tolerate low oxygen concentration at bottom 
layers of the sea where the adults live. The 
positive correlation between C. azureus and 
zooplankton indicate their preferred food item 
is contained in the zooplankton. The larvae 
were also performing vertical migration as in 
many of the zooplankton species. 
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