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Abstract

The study of complete larval development of Harpacticoida copepod
Tisbe ensifera Fiscuer was carried out by culture in laboratory. The
appendages of the sixth copepodid stagetadult) through hatching are
described and illustrated. The larvae of T. ensifera were fed with
alcohol fermentation dregs. The species was metamorphosed to the sixth
copepodid  stagetadult) after possession of 6 nauplius stage and 5
sopepodid stages.

After hatching the nauplius developed into sixth nauplius stage in
about 3 days, it took about 6 days from the first nauplius to the sixth
copepodid stage at water temperature which varied between 24'C and 29°C.

In the nauplius stage of the species , the number of segments of the
antennule was three segments and apperance time of protopod of maxillule
was the second nauplius stage.

On the copepodid stage of T. ensifera, the cephalothoracic segments
were distinguishable from the abdominal segments. The stage of copepodid
can be found with segmentation and setation of terminal segment in the
antennule.

Sex differentiation of the species was distinct on the stage of 5th
copepodid. In the species, the female had 4 setae while the male bears
3 setac on the basis of the 5th swimming legs. In the species, the
female had 2 setae while male has a spine and 2 setae . In the female of
adult, the 6th swimming legs were degenerated.

Morpological characters on the larvae of Tisbe longisetosa GURNEY
previously reported within Harpacticoida and the results obtained in the

present study were compared with each other.
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Tisbe ensifera®] PSS shrte] Sifulol Solglond. olatt W o7l
Ho) Malmo) credgich(Plate 1). el = yhddof golgles e +
=™F 3114 - 517} gich. SpgEe] Hol: =F 0.31mm(0.29-0.40mm)o} 2T
e =g 0.22mm(0.21-0.24mm)gich. B Hfeld, EEE =<
0.05mm(0.049-0.052mm) it T+ FigE<%e] =& PRS2 HEH4Ee] =71 ¢
2, rEo] Ad%stod nauplius?} o] e Al7le ZF dAEAZE A%
th(Plate 2). ””31 Mo] wisle wel, ZrlojE AEAFY AL wvprt
de tlMeo 2 gn) ¥2} 2 WolE nawpliusfAiel THoE dsl HT MNE
e g d g
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tf. 2ela 2 17] ) A 67]7hz] HAEE Frfolw FF Fdol HE M2
2 &z] ggich(Fig. 1, Plate 3).
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fig.3o vieprbglct.

Hug s A 170l 1%re] R el 14e] R E RrIAAsted A2r]os
14re) 7Rt 27l 2, A 3,47)0dM e vl Re] ERol Wst okt A
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ABS K8, AR, SARESdeed, A 2l EBiTelol T2t glokst
A 27] ol ¥ 270E F 3tk izl A 7)o 7 1zle] FRF F01
U}, x| 3uic]sE FAdsnd A 17)e] mA}e 1.1.20]3, A 47)o wgH
vtcof 17§2] RS Z sickzb A s7]oll 170e] FEr of FrhE|gict

A VhERZ A 27156 1712 FRot 2Ystr] Azfste] a) 3,47]0& 370
of 7Fuzt veha A 5,671l 1742) FRst Frtelo] 5748 FRE v
cH(Fig. 3).

Copepodidfifi
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Zoja 9l A 63z E 142 A= 3lgichH(Table 4).

A o1zb A 28z A 175 ehdd, A 15edzle] 7]Eee 27he]
FEzb gl vizigl ezl & 17104 1obe], A 2,3,47]0dM & 2obc] 28
o A 5,67]olA vhaly eobelojx 2]x]& 3ebc]E ESich.

A 29-e3z]2] 7)Aol 170e] FRoF vbgln, vizlel 2zl Al 17]elA 1
ojel, 2 2,3,47]oflA] 2oicio]nd A 5,67)olA & 3vtr)gict.

A 3593zl E M 27) 5] Psbe, 212 1742) FLE 2 vzl ¢
215 A 27]lol tube], A 3,47)of 2ofe] A 5,67)ofl 3vir]E £lgich.

A 453z A 37]olA e B3t Alzbsted ZlHol e 1702] TEE A
v, uizlgl 2lzle Al 37]ol 1uie] A 47]of 2oicjo]m, A 5,67]of= 3o}
t] 2 =|gitHTable 4).

A siedzle Al 47]5e] E¥siH, 242 L}#-OM itk A 47]olM =
A 1ga A 2de] pngrt 7z 3, 5 2A 4,40 §Y sk, A 57 %
e] 7]de] Fryol o, 52 ate]Ho] LPEM?] Alzpsteo 223t HR
7idolA d7io] 47) Fue} 7o) 370e] FRE ZF A 1Hole BF 57
o] g 7 gigich oja{yt A AAME FAsisict.

A 6573zl AAl A 47] 5 el 2702] 7} FYstd, A 7l 4F
of uzfe} ZFrE 2 72 170e] S} 270e] FRE Z 3igich A 67]
o] g3lofld e A 65327t gyl 2, FReddE A 57)ofq2t viitriz] R

17Ne] b 27he] FRE B jigich



Fig. 1. Tisbe ensifera Fischer. Caudal armatures of nauplius stage in

ventral view. A-F; stage I- VI.
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Fig. 2. Tisbe ensifera Fischer. Antennule and antenna of nauplius

stage. A-F; antennule of stage I- VI.
G-L; antenna of stage I- VI.
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0.02mm

Fig. 3. Tisbe ensifera Fischar, Mandible and maxillule of nauplius
stage. A-F; wmandible of stage I- VI.
G-K: maxillule of stage T- V.
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Fig. 4. Tisbe ensifera Fischer. Dorsal view of copepodid stage.
A-D; stage 1- VI. E,F; female, male of state V.
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0. 1mm

Fig. 5. Tisbe ensifera Fischer, Dorsal view of adult.

A,D; female, male of adult.
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0.04mm

Fig. 6. Tisbe ensifera Fischer. Antennule of copepodid stage.
A-D; stage I- VI. E,F; female, male of stage V.

G,H; female, male of adult,
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0.04 mm

Fig. 7. Tisbe ensifera Fischer. Antennule of copepodid stage.
A-D; stage I- VI. E,F; female, male of stage V.

G,H; famale, male of adult.
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Fig. 8.

Tisbe ensifera Fischer. 1st and 2nd swimming leg of copepodid

stage. A-Di
E,Fs
G,H;
I-L;
M, NS
o,P;

1st
1st
Ist
2nd
2nd
2nd

swimming
swimming
swimming
swimming
swinming

swimming

leg of stage 1- VI.

leg of female, male of stage V.
leg of female, male of adult.
leg of stage 1- VI.

leg of female, male of stage V.
leg of female, male of adult.
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0.04mm

Fig. 9. Tisbe ensifera Fischer. 3nd and 4th swimming leg of copepodid

stage. A-C:
D,E;
F,G;
H-1;
J,X;
L,M;

3rd
3rd
3rd
4th
4th
4th

swimming leg of stage I- V.

swimning leg of female, male of stage V.
swimning leg of female, male of adult.
swimming leg of stage M- VI.

swimming leg of female, male of stage V.

swimming leg of female, male of adult.
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0.04mm

¢ ¥
&ﬁv

0.02mm

Fig. 10, Tisbe ensifera Fischer. 5th
stage. A; 5th swimming leg of stage VI.

B,C; 5th swimming leg of female, male of stage V,

D,E; 5th swimming leg of adult.
Fi 6th swimming leg of stage VI.
G,H; 6th swimming leg of female, male of stage V.

I; 6th swimming leg of male of adult.
_18_
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Fig. 11. Tishe ensifera Fischer. Caudal armature of copepodid stage in
ventral view., A-D; stage 1- VI,
E,F; female, male of stage V.
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Fig. 12. Tisbe ensifera Fischer., Caudal armature of adult in ventral

view. A.B; female, male of adult.
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Table 1. Length of body,

number of segment and

setae of antennule

antenna, mandible and maxillule of nauplius stage.

Stage I I | N Vv Vi
Length of Body (am) 0.08 0.10 0.13 0.15 0.16 0.18
Antennule No. of seg. 3 3 3 3 3 3
1st seg. 2 2 2 2 2 2
2nd seg. 2 2 2 2 2 2
3rd seg. 5 6 7 8 9 10
Antenna Coxa h h 1.h 1.h 1.h 1.h
Basis -1 2 2 2 3 3
Endopod 3.1s 4.1s 4.1s 4.1s 4.1s 4.1s
Exopod No. of seg. 3 4 4 4 4 4
1st seg. 2 1 2 2 2 2
2nd seg. 1 1 1 1 1 1
3rd seg. 2 1 1 1 1 1
4th seg. 3 3 3 3 3
Mandible Basis 2 2 2 2 2
Endopod 2.2s 3.2s 3.2s 4.2s 4.2s 4.2s
Exopod No. of seg. 3 3 3 3 3 3
1st seg. 1 1 1 1 1 1
2nd seg. 1 1 1 1 1 1
3rd seg. 2 2 2 3 3 3
Maxillule 1 4 4 5 5
Number alone: setae, h: hairy margine, s: spine, seg: segment.
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Table 2. Number of segments and setae of antennule of copepodid

stage.
Stage I I X N Vv Vi
No. of segments 4 5 5 6 7 7
Terminal setae 5 5 6 6 (] 7

Table 3. Number of segments and setae of antenna of copepaxdid stage.

Stage I I X NV A\ Vi

Basis 1 1 1 1
Endopod No. of segments 1 2 2 2 2
1st segments 5 6 0 0 1 1

2nd segments 6 8 8 8

Exopod No. of segments 3 3 3 4 4 4
1st segments 1 2 2 1 1 1

2nd segments 1 1 1 1 1 1

3rd segments 2 2 3 1 1 1

4th segments 3 3 3

__22_



Table 4. Length of body, number of segments and setae of appendages of
copepodid stage.

Stage 1 . ) | N v Vi
Length of Body (mm) 0.215 | 0.255 | 0.340 | 0.412 0.530/0.449 0.709/0.660
? ) ? s
Thoracic seg. 3 3 4 4 4 4
Abdominal seg. 2 3 3 4 5 5
Sw I  Basis 2 2 2 2 2 2
Endopod No. of seg. 2 2 2 2 2 2
1st seg. 1 1 1 1 1 1
2nd seg. 1,2s 1,2s 1,2s 1,28 2,2s 2,2s
Exopod No. of seg. 1 2 2 2 3 3
1st seg. 7.h 1.h 1,h 1,h 1,h 1.h
2nd seg. 7.h 7.,h 7,h 1,h 1,h
3rd seg. 6 6
Sw I1 Basls 1 1 1 1 1 1
Endopod No. of seg. 1 2 2 2 3 3
ist seg. 5.1s 1 1 1 1 1
2nd seg. 4,1s 5,1s 6,1s 2 2
3rd seg. 4,1s 4,1s
Exopod No. of seg. 1 2 2 2 3 3
1st seg. 2,4s 1,1s 1,1s 1,1s 1,1s 1,1s
2nd seg . ,3s 4,4s ,4s 1,1s i,1s
3rd seg. 3,4s ,4s
Sw 111 Basis 1 1 1 1 1
Endopod No.of seg. 1 2 2 3 3
Ist seg. 5,1s 1 1 1 1
2nd seg. 5,1s 5,1s 2 2
3rd seg. 5,1s 5,1s
Exopod No. of seg. 1 2 2 3 3
1st seg. 3,4s 1s 1,1s 1,1s 1,1s
2nd seg. 4,3s 1,1s 1,1s 1,1s
3rd seg. 5,4s 4,4s 4,45
Sw IV Baslis 1 1 1 1
Endopod No.of seg. 1 2 3 3
1st seg. 5.1s 1 1 1
2nd seg. 6,1s 2 2
3rd seg. 4,1s 4,1s
Exopod No.of seg. 1 2 3 3
1st seg. 3.4s 1,1s i,1s 1,1s
2nd seg. 4,4s 1,1s 1,1s
3rd seg. 4,4s 4,4s
Sw V 1st seg. 3 4/ 3 4 /3
? 3 ? 3
2nd seg. 5 5 5
Sw VI 2 2/2.1s 0/2.1s
2 3 ¢ 3
Number alone: setae, h: halry margine, s: splne, Sw: swiaming leg, seg: segment.
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Tisbe ensiferal ¥ Aol 2183 22} nauplius 67]2} copepodid 67]
7t Baglglony, A 6 copepodidz] = A ASirt.

2 Zo) el Chua(1975)7} 73 Tisbe longisetosa2| 7423 wjis)
2.9 naupliuszjoflA, HA2 2Fo| A 17]of 0.08mm, A} 67} 0.13mmo]
o, T. longisetosa= A 17]o] 0.07mm, #] 67]of 0.17mm% cthit A vjepyt
t}.

A 1&7te] nlr]4= TE naupliuszlofs] 2 Z3} T. longisetosa LF 3
ubc} 2 abelytont, 2Aof glojMd s xbolE Egivh. el A taefe] Ur
7t Al 2 nauplius]o] &%zt Ze F F RFolM dxsigich. =3
naupliusz]e] 24 e F % =5 = 37]4e] vehvjrir} ] 67]0f o]2ef 2

]

Zo] 1o}r]@ §zjeh} T. longisetosas 3uic] g 23 gl gt F3 52

—_—

o

i
om4x % Zol A | nauplius?jold] =} 6 naupliusz|ziz] Zr7}t 2, 3, 4, 4,
4, 5%3ld) E‘_‘”%l] , T.longisetosaolAd= 1, 1, 3, 3, 4, 42 g rlepyte}
Table 5). 2]} T. logisetosa2] naupliusz]ofjA] =} 2%z, A 149}, of
ete] 7)aj7} fLAdested 2 Fale] ztAMRF slzE of2ich.

copepodidz]ol A& FHFH Hge] T¥e] F F EF WHA, A 17
copepodidz]of A T.ensiferas] A4 FHZ2 3viriel 5F 2uir]E
T. longisetosa2] 42} ek reiil copepodidzizh A Hofufel 2 <
7zt 7lufele] #HEe] gol glof ivic|4l F7bE Rof Al 6 copepodidrio] o] =
el F4 soiclel %4 soirlg god, o]& T longisetosa2] A 6
copepodidz] 2] §74 4uirie}l 874 4doicie] 57}z FEE{icHTable 6).

A 127z}te} ojr)gof gloj s A 1 copepodidZ]odAl 2| € copepodidZ] 7}z
T ensiferao)d = z+7z+ 4, 5, 5, 6, 7, 7olt]E KoL} T longisetosad 4,
6, 6, 7, 8, 8ujc]E ®o]l gith(Table 6). =& 52 Al 1F7e] vir]4
¢} agt mpeje] 7HE 42 copepodidz]e] ©AE & 57 sl3ich.

2 F2 A5 r*opepod1d7]\_ 2 5odzlel A exdzle] 5A& A
4o Mol wieiido] BE F&=zlofd A 6 copepodidZ] (A2} Fghir, o]
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el¥t 528 T longisetosao i §FL8E 4 F sigirch.
Z-2] dE3 = & 5 copepodidz]oflA] vElSEEo] T longisetosa2] 73 3-
b Aok & Feof d¥e] 532 Zrlof glofa] o] A3yl &iAs

oA 59} 6 fodxl T v, A 57iek Al 6210 A SHodale] K

hs}
b -
T ogHazie] oozt £3370e] FR)ol ok 17 o USE F F
A
2

HA2, e A Spdzl P ’Q‘” ek frela A epedziol s

A S7loll @B 27he) URE vzl £ 170e] S 270 RFEE )z)
o, A 6 7l +F & anjE %ZI’PJLI' H3 L A erdzlrt g o
5 9lgichTable 6). _tedi} T longisetosa2] *Q¥3le] Bxle H 5

copepodidzloll Al Spodz|e] el &, F LF Food A 6F-dzjoliAz)
YHolME 370l B2 E shxla #Fleld = 170e] S} 27l UEE s
told & fodErh. 2zl A 6 copepodidr]of e #-Folxe} o]l A 64
eIz2]7b SR = wrRlEl 2R dFlel A = gl ste) i)

-2 #lofle Harpacticoida®ol &3t FT5o] ¥t ddstz]zt ¢dcth.
Abraham 2} Gopalan(1975)ol 2]3}9! Nitocra spinipesy 2| | copepodid?]od
sl vhebvbod, Ito 2} Takashio(1981) % Canthocamptis mirabilis?) 73 Sof =
2 copepordidziol A AJ¥ehr} vtebteln ¥ 23ch 2] Koga(1970)0) 23}
2 Tigriopus  japonicust A} 4 copepodidz]ofl  i}elv}od, Dibbern 2}
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Plate 1.
Plate 2.
Plate 3.
Plate 4.

A single egg sac attached to ventral side of the abdomen.

A newly hatched nauplius(n) being liberated from the egg sac.
Ventral view of nauplius stage.
Mating behavior.
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