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Morphological Observation of Developmental Stages 
in Oithona brevicornis (Copepoda, Cyclopoida)° 

Mitsuaki UCHIMA2> 

Research Laboratory of Fisheries Resources, Tokyo University 

of Fisheries, Minato-ku, Tokyo 

Abstract 
Oithona brevicornis is known to have two forms. The present paper reports on the development 
of forma minor as reared in the laboratory, and compares the morphological features with those 
of other allied species of the genus. 0. brevicornis, as well as its allied species, has six nauplius 
and six copepodite stages, and requires 15 to 18 days to metamorphose from hatching to adult 
at 20-21°C water temperature and 2M'oo salinity. The body conformation is almost set up at the 
fourth copepodite stage. It is considered that the fifth copepodite maintains its metabolism as 
preliminary step to maturation, mainly; therefore, it immediately being an adult could be ferti
lized. It was shown that morphological and sexual differentiation takes place at the fifth cope
podite stage. The first abdominal segment of this stage is armed with a pair of setae in the 
male, but none in the female. In the adult male a pseudochela on the terminal segment of each 
antennule is first described here. Differences between the present specimens and the specimens 
from Kerala, India, are discussed. Based on the differences in segmentation and setation through
out the nauplius and copepodite stages, there is a high probability that the latter belonged to 
another species, and not 0. brevicornis. 

Copepods of the genus Oithona are widely distributed in coastal and estuarine waters. In 

juveniles, particularly in nauplii, determination of the species and determination of each 

developmental stage are laborious because of their relatively small size. Despite the necessity 

of knowing the life cycle of each species investigations forward this end are few. The 

complete developmental stages of three species: 0. rigida GIESBRECHT (RAO, 1958), 0. 

brevicornis GIESBRECHT and 0. hebes GIESBRECHT (GOSWAMI, 1975) have been described. 

Three other species, namely 0. similis CLAUS, 0. spinirostris GIESBRECHT (GIBBONS and 

OGILVIE, 1933) and 0. nana GIESBRECHT (HAQ, 1965), had from the first nauplius stage to 

the first copepodite stage described. A brackishwater species, 0. brevicornis, occurs in Tokyo 

Bay throughout the year. The life cycle of this species had been described by GOSWAM[ 

(1975) based on specimens collected from Kerala, India, but there are some questions in the 

identification of the specimens he examined. 

This study was conducted to show the taxonomic features in all the developmental stages 

and to determine the differences between 0. brevicornis and other allied species especially 

in the segmentation and setation of appendages at each stage. Moreover, the developmental 

time was determined from hatching to hatching of the next generation. 
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Material and Methods 

Living specimens of 0. brevicornis were collected from brackishwater in a harbour nearTokyo 

University of Fisheries, which is located along the interior region of Tokyo Bay. After 

collection, the specimens were brought to the laboratory, kept in darkness for 24 hrs., trans

ferred to Petri dishes, 5.5 cm in diameter and 1.8 cm in depth, and were supplied with 

1x101 cells/ml of Dunaliella tertiolecta and 1X104 cells/ml of Platymonas sp. Seawater taken 

from the neighbouring areas of Izu Oshima Is. was boiled, :filtered, diluted, and adjusted to 

20 %0 in salinity. The dishes were placed in the dark at 20-21°C. No aeration or stirring 

of the water was done. These conditions were determined based on the results of preliminary 

experiments of rearing. 

TABLE 1. SIZE IN THE NAUPLIUS AND COPEPODITE STAGES OF Oithona brevicornis AND 

OTHER ALLIED SPECIES OF GENUS Oithona. ALL MEASUREMENTS IN µ. MEASURE

MENTS OF 0. nana REPRODUCED FROM HAQ. (1965); 0. similis AND 0. spinirostris 
FROM GIBBONS & OGILVIE (1933), 0. rigida. FROM RAO (1958) AND 0. hebes FROM 

GOSWAMI (1975) 

brevicornis nana st'milis spint'rostris rigid a brevicornis hebes 
by UCHIMA by GOSWAMI 

Nauplius stages (Range) (Modal length) 

I 70- 90 50- 85 100-125 120-140 68 107 118 
n 85-105 85-100 120-140 140-160 112 129 140 
lll 100-115 100-110 125-155 155-185 131 151 161 
w 115-125 110-125 155-180 190-210 150 172 182 
v 125-135 130-145 180-205 220-245 163 193 215 

'l 135-160 150-175 205-225 250-280 194 210 232 

Copepodite stages 

I 210-285 360-370 420 312 258 289 
n 275__.__320 390 322 345 
][ 315-340 442 387 408 
w 345-410 -- 520 451 461 
v 400-475 624 516 547 
\iI ~ 450-600 702 580 621 

0' 450-525 552 580 

1. Morphological Observations: Each female with more than 20 eggs was maintained in a 

Petri dish containing 15 ml water. After hatching, each of the first nauplii was reared under 

the same condition as the adults. The measurement- of body length and the removal of 

exuviae, if present, were done once per day. Metamorphosis to the next developmental stage 

was confirmed by the presence of exuviae. Five individuals of each developmental stage 

were preserved in 3 % formalin-seawater for full microscopic observations of the body and 

appendages and were compared with those collected from the harbour. 

Because there was no male at all throughout development from egg in the laboratory, 

an additional research was done to explain the general shape of male. Ten individuals 

without a pair of setae on the first abdominal segment, recognized to be fifth copepodite in 

the laboratory work were reared in glass bowl, 7.0 cm in diameter and 7.8 cm in depth, 
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containing 100 ml water. Ten "fifth copepodite" bearing a pair of setae on the first abdominal 

segment collected from the harbour were reared by the same method. 

2. Developmental Time: One 'female with more than 20 eggs from the harbour was reared 

in a Petri dish containing 15 ml water. After hatching, ten of first nauplii were separately 

reared under the same condition, and were observed for the developmental pattern from 

hatching to adult. Likewise, :fifth copepodites were reared for the purpose of determining 

the embryonic development. Whenever phytoplanktons adhered on the bottom of a Petri 

dish, the copepodites were transferred to another dish. 

(a) (b) 

la 

(c) 

50µ (a) ,(b) 

~ (c),(d),(e),(f) 

Fig. 1. Nauplius stages of Oithona brevicornis in ventral view. 
(a), 1st stage; (b), 2nd stage; ·(c), 3rd stage; (d), 4th stage; (e), 5th stage; (f), 6th stage. 
a, antennule; an, antenna; f, furcal seta; la, labrum; md, mandible; ml, maxillule; mp, 
maxilliped; s, outer furcal spine; sl1,2, first and second swimming legs. 

Result 

Nauplius Stages 

Size range at each nauplius stage of 0. brevicornis as worked out in present experiment and 
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also those of other five species, and 0. brevicornis as worked out by GOSWAMI (1975), are 

given in Table 1. 

Description: The egg diameter is about 50 µ. The body is oval in shape; the ventral 

side is shorter than the cephalothoracic shield from the first to fourth nauplii, but slightly 

longer in the fifth; in the sixth, the posterior end of body is well protruded (Figure 1). 

TABLE 2. SET ATION OF THE APPENDAGES AND FURCAL ARMATURE IN THE 

NAUPLIUS STAGES OF Oithona brevicornis 

Nauplius stages lI ][ N v ,1 

Antennule 
1st segment 0 0 0 0 0 0 
2nd segment 3 3 3 3 3 3 
3rd segment (2a3) 0 (2 a 3) (3 a 6) (3 a 7) (5 a 9) (7 a 9) 

Antenna 
1 process 2 proc. 2 proc. 2 proc. 2 proc. 2 proc. 

coxopodite + + + + + + 
4 hairs 1 hair 1 hair 1 hair 1 hair 1 hair 

basipodite 4 4 4 4 4 4 
endopodite 4 5 5 6 7 7 
exopodite 

1st segment 1 2 3 4 4 4 
2nd segment 1 1 1 1 1 1 
3rd segment 1 1 1 1 1 1 
4th segment 1 1 1 1 1 1 
5th segment 2 2 3 3 3 3 

Mandible 
coxopodite 1 bristle 1 bris. 1 bris. 1 bris. 1 bris. 1 bris. 
basipodite 2 bristles 2 bris. 2 bris. 2 bris. 2 bris. 2 bris. 
endopodite 

1st segment 2 bristles 3 bris. 3 bris. 3 bris. 3 bris. 3 bris. 
2nd segment 4 5 5 5 6 6 

exopodite 
1st segment 1 1 1 1 1 1 
2nd segment 1 1 1 1 1 1 
3rd segment 1 1 1 1 1 1 
4th segment 1 1 1 1 1 1 

Maxillule 
endopodite 1 spine 5 8 8 

1 spine + 
exopodite 1 hair 3 4 4 

Furcal armature 2 2 6 6 6 8 

0 The first figure gives the number of setae on the :ventral $ide; a, aesthata seta; the number 
after 'a' represents the tietae on the dorsal :side. 

A single eye is present near anterior margin of median dorsal surface throughout nauplius 

stages. 

The anterior margin of labrum is rounded, with· four or five fine hairs on each side; 

posterior border furnished with some fine setae and many small hairs on either ~ide of median 
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(a) 

(b) 

(c) 

(d) 

(e) 

(f') 

(1) 
ex 

~ 
(o) (p) (q) (r) 

\ \ ·i 
50!l I (a)- (i<) 

5011 
(1)-{ r) 

Fig. 2. The appendages of Nauplius stages. 
(a)-(f), left antennule of Nauplius I-VI; (g)-(k), left antenna of Nauplius 1-V; (1)-(n), left 
mandible of Nauplius I, II and V; (o)-(r), left maxillule of Nauplius II, III, IV and V. 
a, aesthate seta; b, basipodite; c, coxopodite; en, endopodite; ex, exopodite; en1,2, first and 
second segments of endopodite. 

63 
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dent. A thin membranous process arises at about a quarter of labrum length from anterior 

end of each lateral margin, as long as labrum, with many delicate hairs directed inwards. 

Behind these processes a row of small spines is present (Figure 1). 

Setation of appendages and furcal armature in the nauplius stages are shown in Table 2. 

TABLE 3. SEGMENTATION OF THE BODY AND SETATION OF THE APPENDAGES 

IN THE COPEPODITE STAGES OF Oithona brevicornis 

Copepodite stages 

Body 
No. of thoracic 
segments 
No. of abdominal 
segments 

Antennule 

4 

1 

No. of segments 6 

No. of terminal 6 
setae 

Antenna 
1st segment 0 
2nd segment 

anterior margin 1 
posterior margin 3 

3rd segment 
anterior margin 4 
terminal setae 6 

Maxilla 

n 1II IV 

5 5 5 

1 2 3 

8 10 11 

6 6 7 

0 0 0 

2 2 2 
1 spine 1 spine 1 spine 

5 5 5 
6 6 7 

1st segment 
2nd segment 
3rd segment 
4th segment 

(3,1,3,3) 1) (3,1,3,3) (3,1,3,3) 
2 

(3,1,3,3) 
2 

5th segment 

Maxilliped 
1st segment 
2nd segment 
3rd segment 
4th segment 

2 2 
2 
2 

1 
+ 

2 hairs 

3 
2 
1 

+ 
2 hairs 

(1, 2, 1) 2
' (1, 2, 1) 

2 2 
1 1 
3 3 

4 
2 

1 
+ 

2 hairs 

(1, 3, 2) 
2 
2 
3 

4 
2 
1 
+ 

2 hairs 

(1, 3, 2) 
2 

3 
3 

v 

5 5 

4 4 

12 12 

7 7 

0 0 

2 2 
1 spine 1 spine 

5 5 
7 7 

(3,1,3,3) 
2 
4 
2 

1 
+ 

2 hairs 

(1,3,2) 
2 

3 
3 

(3,1,3,3) 
2 
4 
2 
1 
+ 

2 hairs 

(1, 3, 2) 
2 

3 
3 

VI 

5 5 

4 5 

13 13 
6 

7 + 
1 pseudo

chela 

0 0 

2 2 
1 spine 1 spine 

5 5 
7 7 

(3,1,3,3) 
2 

4 
2 
1 

+ 
2 hairs 

(1, 3, 2) 
2 
3 
3 

(3,1,3,3) 
2 

4 

2 

1 
+ 

2 hairs 

(1,3,2) 
2 

3 
3 

1' The first to fourth figures give the number of proximal, second, third and distal small bunch 
of setae, respectively. 

2
' The first to third figures give the number of proximal, middle and distal small bunch of setae, 

respectively. 

The antenna of the first nauplius is armed on coxopodite with a claw-shaped masticatory 

process and four fine hairs which grow thick into a bundle and can be seen just like another 

masticatory process (Figure 2g). In the second nauplius the coxopodite has two masticatory 

processes and a single hair (Figure 2h). 
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TABLE 4. SETATION OF THE SWIMMING LEGS IN THE COPEPODITE STAGES OF Oithona 
brevicornis. THE NUMBER OF OUTER SPINES OF THE DISTAL SEGMENT IS SHOWN 

WITH THE EXCEPTION OF A TERMINAL SERRATED SPINE 

Copepodite stages ][ 1Il lV v '1 
~ d' ~ d' 

1st swimming legs 
coxopodite 0 1 1 1 1 1 1 1 
basipodite 1 1 1 1 1 1 1 1 
endopodite 

1st segment 7 1 1 1 1 1 1 1 
2nd segment 6 7 7 1 1 1 1 
3rd segment 6 6 6 6 

exopodite 
1st segment: outer spines 4 1 1 1 1 1 1 1 

inner setae 3 0 0 0 0 0 0 0 
2nd segment: outer spines 3 3 3 1 1 1 1 

inner setae 4 4 4 1 1 1 1 
3rd segment: outer spines 3 3 3 3 

inner setae 4 4 4 4 

2nd swimming legs 
coxopodite 0 0 1 1 1 1 1 1 
basipodite 1 1 1 1 1 1 1 1 
endopodite 

1st segment 6 1 1 1 1 1 1 1 
2nd segment 6 7 8 2 2 2 2 
3rd segment 6 6 6 6 

exopodite 
1st segment: outer spines 3 1 1 1 1 1 1 1 

inner setae 3 0 0 0 0 0 0 1 
2nd segment: outer spines 2 3 3 1 1 1 1 

inner setae 4 5 5 1 1 1 1 
3rd segment: outer spines 3 3 3 3 

inner setae 5 5 5 5 
3rd swimming legs 

coxopodite 0 1 1 1 1 1 1 
basipodite 1 1 1 1 1 1 1 
endopodite 

1st segment 6 1 1 1 1 1 1 
2nd segment 6 7 2 2 2 2 
3rd segment 6 6 6 6 

exopodite 
1st segment: outer spines 3 1 1 1 1 1 1 

inner setae 3 0 0 0 0 0 1 
2nd segment: outer spines 2 3 1 1 1 1 

inner setae 4 5 1 1 1 1 
3rd segment: outer spines 3 3 3 3 

inner setae 5 5 5 5 
4th swimming legs 

coxopodite 1 1 1 1 1 1 
basipodite 1 1 1 1 1 1 
endopodite 

1st segment 6 1 1 1 1 1 
2nd segment 6 2 2 2 2 
3rd segment 5 5 5 5 

exopodite 
1st segment: outer spines 3 1 1 1 1 1 

inner setae 3 0 0 0 0 1 
2nd segment: outer spines 3 1 1 1 1 

inner setae 5 1 1 1 1 
3rd segment: outer spines 2 2 2 2 

inner setae 5 5 5 5 
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The maxillule :first :appears --~t t?e second nauplius stage in t~e form of a pair of spines 

(Figures lb, 2o), and becomes bilobate and segmented at the fourth (Figures ld, 2q). 

In the first nauplius there are two small setae at the base of each furcal seta (Figure la), 

but these disappear from subsequent stages. In both fifth and sixth nauplii a small spine is 

present on the outer side of each furcal seta (Figure le, f). 

Buds of maxilliped and first two pairs of swimming legs appear in the sixth nauplius 

(Figure lf). 

(b) 

~ (a),(b),(c) 

ab1: 

~ (t!),(e) 

(g) 

(r) 

1--1 5o11 : (r) ,(h) ,(1) ,(k) 

1---------i 50µ: ( g) ' ( j) 

Fig. 3. Copepodite stages of Oithona brevicornis in dorsal and lateral view. 
(a)-(d), Copepodite I-IV in dorsal view; (e), Copepodite IV in lateral view; (f), male of 
Copepodite V; (g), abdominal segments of male of Copepodite V; (h), male of Copepodite 
VI; (i), female of Copepodite V; (j), abdominal segments of female of Copepodite V; (k), 
female of Copepodite VI. 
a, antennule; ab1-ab3, first to third abdominal segments; an, antenna; ce, cephalon; e, eye; 
fr, furcal ramus; md, mandible; ml, maxillule; mp, maxilliped; mx, maxilla; slt-sl1, first 
to fourth swimming legs; th1-th:;, first to fifth thoracic segments. 

Copepodite Stages 

Segmentation of body and setation of appendages and swimming legs in the copepodite stages 

are shown in Tables 3 and 4. 

Description: Body consists of cephalon, thoracic segments, abqominal segments and 

furcal rami (Figure 3). Each furcal ram us bears· a small seta on outer lateral margin and 
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five setae on distal margin. In all the copepodite stages a single eye is present on dorsal 

surface near anterior end. The rostrum is curved ventrally in all copepodites, but in adult 

male this is not pointed (Figure 3h). In the first copepodite the third thoracic segment has 

.a fine seta at the postero-lateral corner (Figure 3a). In the second copepodite the fourth 

thoracic segment has two setae (being much different in length) at postero-lateral corner 

{Figure 3b). In the third copepodite the fifth thoracic segment has a pair of slender setae 

Fig. 4. The appendages of Copepodite stages. 
(a)-(d), left antennule of Copepodite I-IV; (e) and (g), left antennule of male of Copepodite 
V and VI; (f) and (h), left antennule of female of Copepodite V and VI; (i)-(k), left antenna 
of Copepodite I, II and IV; (I), mandible of Copepodite I; (m), maxillule of Copepodite 
I; (n)-(p), maxilla of Copepodite I, II and III; (q)-(s), maxilliped of Copepodite I, III and IV. 
pc, pseudochela; b, basipodite; c, coxopodite; en, endopodite; ex, exopodite. 

·(Figure 3c), in the fourth to sixth copepodites, two pairs of setae (Figure 3d, f, h, i, k). In 

the fourth copepodite the first abdominal segment is armed with a pair of setae on postero

Jateral angles (Figure 3d, e). These setae are visible in males of fifth copepodite and· adult, 

but disappear in females of both stages (Figure 3f, h, i, k). The first abdominal segment in 

the fifth copepodite is rectangular in the male; in the female somewhat rounded with a very 

.small gap on either lateral side (Figure 3g, j) and in the adult in both sexes, swollen laterally 
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and genital organ present on each lateral side (Figure 3h, k). After every moult from first 

copepodite to adult, an additional segmentation always takes place on the extreme abdominal 

segment. 

In the fourth copepodite one seta is added on terminal segment of antennule (Figure 4d). 

In adult male the terminal segment of antennule is armed with six short setae and a pseudo

chela (Figure 4g). 

The number of setae on terminal segment of antenna increases from six m the third 

copepodite to seven in the fourth (Figure 4k). 

The mandible appears similar throughout the copepodite stages except that there are 

two minute spines instead of two blunt hooks on basipodite in adult male; coxopodite with 

a toothed masticatory process; basipodite with two blunt hooks and a seta on the middle of 

inner margin; endopodite with four setae; exopodite four-segmented, arm
0

ed with one seta on 

each of proximal three segments and two setae on terminal one (Figure 41). 

The maxillule shows no change on the structure throughout all copepodites, armed with 

seven stout spines on coxopodite, with three :fine spines and a seta on basipodite, with two· 

setae, of which one is very :fine, on distal end of endopodite, and with four slender setae on 

exopodite (Figure 4m). 

TABLE 5. DURATION OF DEVELOPMENTAL STAGES OF Oit/wna brevicornis 

Embryonic Nauplius stages (days) Copepodi te stages (days) 

time n Jll w v \II n ][ w v \II 
(days) 

Time from G . 
C d .t V t enerahon 

opel?o 1 e . o time 
egg mcubatmg 

(days) (days) 

3-4 2-3 1 1 1-21-2 2 1-2 1 1-2 3 34D ~3 
(7-9) 2) (8-9) 3

' 20-244> 

1
' Maximum survival days of the adult female of Oithona brevicornis fed on Dunaliella tertiolecta 

and Platymonas sp. (each 5,000 cells/ml). 
2

l Developmental time from hatching to Copepodite I. 
3

l Developmental time from Copepodite I to VI. 
4

l Generation time from hatching to hatching of next generation. 

Sexual Dimorphism 

There were two forms of fifth copepodites collected from the harbour; one was armed with a 

pair of setae on the first abdominal segment, and the other with none. Every ten individuals 

of the two forms were separately reared. All of ten specimens of the former type grew to· 

adult males and the latter to adult females. The experiment was repeated and the same 

result was obtained. Moreover, ten fourth copepodites bearing a pair of setae on the first 

abdumirw.l segment were collected from the harbour and reared in a Petri dish containing 

30 ml water. They grew to the fifth copepodite; three individuals had a pair of setae on the 

first abdominal segment and seven had none. These two groups were separately reared and 

the former three individuals grew to adult males, while the other seven into adult females. 

This experiment was also repeated and four male and six female adults were resulted. 
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(II) 

(IV) 

Fig. 5. Swimming legs. 
{1)-(IV), swimming legs of Copepodite I-IV; (a)-(d), first to fourth swimming legs. 
b, basipodite; c, coxopodite; en, endopodite; ex, exopodite; is, inner marginal seta; os, 
outer marginal spine. 

69 
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These results clearly indicate that a pair of setae on the first abdominal segment disappear-

from the fifth copepodite stage in females of 0. brevicornis, indicating sexual dimorphism at 

the fifth copepodite stage. 

Developmental Time 

Five of ten individuals used in this experiment developed to adult, and all of them were

female. 0. brevicornis required 15 to 18 days to grow from hatching to adult; 7 to 9 days 

from hatching to the first copepodite, and 8 to 9 days from first copepodite to adult (Table 5) .. 

(v) 

SOIL 

Fig. 5 (continued). (V), swimming legs of Copepodite V. 

Comparison with Other Allied Species 

WELLERSHAUS (1969) reported two forms of Ofthona brevicornis; the typical and a smaller 

one from Cochin, India. · With regard to this, he suggested that such forms might have· 

grown under different conditions. Nevertheless, NISHIDA et al. (1977) also confirmed the· 

presence of both forms in Tokyo Bay, and named them as forma typica NISHIDA et al. and 

f. minor NISHIDA et al., respectively. The specimens of the present study are identical to 

f. minor in the adult size, the shape of mandible of ·the male, and _in their geographical 

distribution in Tokyo Ba.Y .· · 

Setation on the inner margin of exopodite of s~imming legs of female has .been reported 

as follows: 0, 1, 4; 0, 1, 5; 0, 1, 5; 0, 1, 5 in specimens from Congo River estuary (ROSENDORN,. 
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1917); 0, 1, 4; 1, 1, 5; 1, 1, 5; 0, 1, 5 from .. Gulf of Mexico (GRICE, 1960); l, 1, 4; 0, 1, 5; 0, 1, 5; 

l, 1, 5 from Cochin Backwater (WELLERSHAUS, 1969); 0, 0, 3; 0, 0, 3; 0, 1, 4; 0, 0, 3 from Kerala 

Backwater (GOSWAMI, 1975); and for specimens from Tokyo Bay, which is the same area of 

the present study, NISHIDA et al. (1977) reported 0, 1,.4; 'l; 1, 5; 1, 1, 5; 1, 1, 5. The setation 

observed in this study was 0,1,4; 0,1,5; 0,1,5; 0,1,5; and comparing with those Of the 

former studies, can be seen that it is in accord with the findings of RosENDORN (1917). 

Later, S. NISHIDA (pets. comm.) reexamined the specimens of f. minor from Tokyo Bay 

and confirmed the same setation in the prese~t study. The setation indicated by GOSWAMI 

(VI) 

5011 

Fig. 5 (continued). (VI), swimming legs of Copepodite VI. 

(1975) differs remarkably ftom the ·others ·above-mentioned. ·A- . r.norphological .compariso.r:r 

between 0. brevicornis by the present ·author and "O. breviconiis by GOSWAMI (1975)"; 

based on the fourth and fifth copepodite stages is given in Table 6. Since there are many 

differences in segmentation, setation, etc., there is a high probability that the specimens he 

examined belonged to a species other than 0. brevicornis. Therefore, the species he studied 

is referred in this paper to as "O. brevicornis by GOSWAMI". 

In respect of the American 0. brevicornis, GONZALEZ and BOWMAN (1965) reported that 

the identification is questionable as; compared. with the Hong Kpng species, and in.1975 



72 

BOWMAN identified it as a new species, 0. colcarva. 

Nauplius Stages 

The size of 0. brevicornis nauplius is similar to that of the corresponding stages of 0. nana, 

and is much smaller than that of "O. brevicornis by GOSWAMI", 0. hebes, 0. rigida, 0. 

similis and 0. spinirostris (Table 1). 

TADLE 6. MORPHOLOGICAL COMPARISON ON THE FOURTH AND FIFTH COPEPODITE 

STAGES BETWEEN Oithona brevicornis BY THE PRESENT AUTHOR AND 0. brevi-
cornis BY GOSWAMI. 

0. brevicornis by U CHIMA 0. brevicornis by Gosw AMI 

Copepodite stages N v N v 
Shape of antennule SF straight straight straight 

straight 
cJ" straight geniculated geniculated 

No. of segments 
thorax SF 5 4 4 

5 
cJ" 5 4 4 

abdomen SF 4 4 5 
3 

cJ" 4 5 6 
1st swimming legs 2 3 2 3 
2nd to 4th swimming legs 2 3 3 3 

No. of setae(st.) and spines(sp.) on terminal segment 
1st swimming legs 

endopodite 7 st. 6 st. 5 st. 5 st. 
exopodite 4 st.+ 4 sp. 4 st. + 4 sp. 3 st. + 4 sp. 3 st.+ 4 sp. 

2nd swimming legs 
endopodite 8 st. 6 st. 5 st. ? 
exopodite 5 st.+ 4 sp. 5 st. + 4 sp. 3 st. + 4 sp. ? 

3rd swimming legs 
endopodite 7 st. 6 st. 5 st. ? 
exopodite 5 st. + 4 sp. 5 st. + 4 sp. 4 st. + 4 sp. ? 

4th swimming legs 
endopodite 6 st. 5 st. ? ? 
exopodite 5 st.+ 4 sp. 5 st. + 3 sp. 3 st. + 2 sp. ? 

Based on given descriptions, the row of spines found behind the labrum in 0. brevicornis 

is also present in 0. nana, 0. similis and 0. spinirostris, but not in "O. brevicornis by GOS

WAMI", 0. hebes and 0. rigida. 0. brevicornis resembles 0. similis and 0. spinirostris in 

having a few setae on either side of the median dent on the posterior border of labrum, but 

differs from 0. nana (which bears a single prominent spine) and from 0. ri'gida (which has 

three spines on either side). 0. brevicornis has four or five :fine hairs on each side of the 

anterior margin of labrum, whereas there are three hairs on either side in 0. nana, 0. similis 

and 0. spinirostris. The thin membranous process arising from each lateral margin of labrum 

is not described in other allied species. 

The antennule of 0. brevicornis is three-segmented; has no seta on the first segment but 
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has three setae on the second, as occurs m the other allied species. It, however, differs 

from "O. brevicornis by GOSWAMI" and 0. hebes, both of which bear a seta on the first 

segment and two on the second. Setation of the third segment is an useful morphological 

feature in the identification of nauplius stages. Using the setation as a criterion of compari

son, 0. brevicornis differs from other allied species, on the basis of the presence of one more 

setae at the first nauplius stage, one less at the second, one more at the third, fourth and fifth, 

and three more at the sixth stage, although it was found to have the most resemblance to 

corresponding stages of 0. nana. In 0. nana, a seta growing directly backward is present 

on the anterior margin of the third segment at the sixth nauplius stage but this is neither 

found in 0. brevicornis nor in other allied species. 

The structure of the antenna of 0. brevicornis is similar to that of 0. nana, 0. similis 

and 0. spinirostris at each stage, except that that species has one more setae on the posterior 

margin of its exopodite in the fourth to sixth nauplius stages. 0. brevicornis resembles "O. 

brevicornis by GOSWAMI" in the total number of setae (ten) on its exopodite in the fifth and 

sixth nauplii. 

The mandible of 0. brevicornis closely resembles that of 0. nana, 0. similis and 0. 

spinirostris; and is characterized by the presence of only two bristles on its basipodite 

throughout all the nauplius stages. In "O. brevicornis by GOSWAMI" and 0. hebes the first 

segment of endopodite bears three bristles at the first nauplius stage, but in 0. bre1,icornis, 

0. nana, 0. similis and 0. spinirostris they are all present for the first time at the second 

nauplius stage. 

The maxillule of 0. brevicornis shows the characteristic endopodite and exopodite at the 

fourth nauplius stage found in its allied species, except in 0. rigida, in which the maxillule 

remains rudimentary. Based on the setation at the fourth and fifth nauplius stages, 0. 

brevicornis resembles 0. nana, but differs from other allied species. 

Setation of furcal armature in all the nauplius stages is as follows: 2, 2, 6, 6, 6, 8 in 0. 

brevicornis; 2, 2, 6, 6, 8, 8 in 0. nana; 2, 2, 4, 8, 8, 8 in 0. rigida and 0. spinirostris; 2, 2, 4, 6, 

8, 8 in 0. similis, and 2, 2, 4, 6, 6, 6 in "0. brevicornis by GOSWAMI" and 0. hebes. The 

setation in 0. brevicornis closely resembles that of 0. nana. On the presence of a spine 

outside the furcal setae, HAQ (1965) mentioned this outer furcal spine as a characteristic of 

0. nana; this is also found in 0. brevicornis. 

The rudiments of first two pairs of swimming legs and the traces of maxillipeds appear 

at the sixth nauplius stage as in both 0. brevicornis and 0. nana. Other allied species do 

not have these characters. 

Copepodite Stages 

The antertnule of the first copepodite in both 0. brevicornis and 0. nana is six-segmented; 

eight-segmented in 0. similis and 0. spinirostris; and five-segmented in "O. brevicornis by 

GOSWAMI" and 0. hebes. In 0. brevicornis, 0. nana, O. similis and 0. spinirostris the 

terminal segment is armed with six setae. About 0. rigida, there is no description on the 

number of segments and terminal setae of antennule. 
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In the first copepodite there are six terminal setae in the antenna of 0. brevicornis, o_ 
nana, 0. similis and 0. spinirostris, there was no description of the same in "O. brevicornis 

by GOSWAMI", O. hebes and 0. rigida. 

In 0. brevicornis, 0. nana and 0. spinirostris, the exopodites of first and second swimming 

legs are armed on the outer margin with five and four spines, respectively, whereas in 0. 

similis these are furnished with only four and three spines, respectively. In the numbers 

of outer spines on exopodite of first and second swimming legs, 0. brevicornis resembles 

"O. brevicornis by GOSWAMI", but differs from the latter in the numbers of setae on exo

podites and endopodites of those legs. 

Discussion 

0. brevicornis, as well as its allied species, has six nauplius and six copepodite stages; it 

could not possibly be distinguished on the basis of morphological changes, but by thickening 

growth and maturation at the adult stage. This species had a generation time of 20 to 24 

days at 20°C and 20 %0 (Table 5). 

The fourth copepodite of 0. brevicornis resembles the adult in the number of terminal 

setae in both antennule and antenna, and other appendages, but it differs in the: number of 

segments of antennule. Endopodites as well as exopodites. of all swimming legs, are one- or 

two-segmented in the· first to fourth copepodite stages, becoming three-segmented at the 

:fifth. In the cases of two successive stages (except from third to fourth copepodite stages), 

the increment in number of outer spines on exopodite does not occur even if ·there is incre

ment of one segment. This can be clearly seen in the comparison of the last leg of the :first 

copepodite stage with the corresponding leg of the second one, and in the same way, in the 

successive comparison of the last leg of each copepodite stage with the subsequently respective 

one. With respect to the. fourth copepodite, exopodite of the last swimming leg is bearing a 

newly added spine.: This seems to be related to the change in segmentation of all swimming 

legs at the .fifth copepodite stage. The body conformation is almost set up at the fourth 

copepodite stage. The structural differences between :fifth copepodite and adult are seen only 

with maturation; in the adult the first abdominal segment is swollen because of the genital 

organ, the terminal segment of antennule in the male is furnished with a pseudochela which 

may grasp the fourth swimming legs of female for mating. These aspects suggest that in 

the :fifth copepodite the metabolism mainly acts for a preliminary step to the maturation,. 

rather than -the. body conformation. During the 8 to 9 days of growth from the first copepodite 

to adult, 3 days were spent in the fifth copepodite stage, and it is a relatively long period 

considering the whole duration of all the copepodite stages (Table 5). This also seems to be 

a preliminary step to the maturation. The above-mentioned facts suggest that 0. brevicorni's

can be fertilized' as soon as it becomes an :adult; - this characteristic is· desirable in a species 

in dynamic environmental conditions. 

Morphological mid Sexual Differentiation 

In the present study sex determination ·was done through the presence of a pair of setae on 
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the first abdominal segment at· the fifth copepodite stage'. MURPHY (1923) reported that 

sexual differentiation in 0. nana to.ok place at the third nauplius, and ea~h of the subsequent . . 

stages; and it was known from the difference in size between bQth sexes, that smaller indi

viduals a~e. male. GIBBONS and OGILVIE (1933), on the other hand, reported that size 

differences. in nauplii had no relation to sex in. 0. similis and 0. spinifostris. HAQ (1965) 

also ~tated that there was no morphological feature which indic~ted the. sexual differentiation 

in nauplii of 0. nana, and pointed out that MURPHY (1923) might have misconceived the size 

difference between two successive stages as that' between both sexes. In "0. brevicornis by 
. ' .. : ,J . . ·. . : .· • .· 

GOSWAMI" the sexual dimorphism could be observed. at the foµrth copepodite . stage based 

on three -·respects: · .(a) the female was bigger than the male, (b) the: antenn-.u~e. was .straight 

m female but geniculated in male, and (c) the abdomen in male had one segment more than 

m female. In. the present study, however, aµy sexual difference was not observed at .the fourth 

copepodite st.age. 
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