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Abstract

The aims of this study was to evaluate the potential use of the harpacticoid copepods
Tigriopus sirindhornae, T. thailandensis, T. japonicus, Paramphiascella choi Wwae Nitocra karanovici
as live preys in Amphiprion larviculture. Three species of microalgae Isochrysis galbana,
Tetraselmis and Chaetoceros mixed with Spirulina, yeast and carrot were given to copepods for
high density production. Brachionus (S-type) fed with Chlorella plus yeast, while Artemia nauplii
were obtained from thick-shelled eggs hatched in seawater. After hatching, clownfish larvae were
fed separately in 7 glass tanks, which contained Brachionus and Artemia naupli as a
supplementary live food for clownfish larvae feeding experiments. The larvae were fed by Tigriopus
sirindhornae in the first tank; T. thailandensis in the second tank; T. japonicus in the third tank;
Paramphiascella choi in the fourth tank; Nitocra karanovici in the fifth tank; T. sirindhornae, T.
thailandensis, T. japonicus, Paramphiascella choi and Nitocra karanovici in the sixth tank; and
Brachionus and Artemia nauplii in the seventh tank. Then the feeding experiments on clownfish

larval survival and growth rates started from 10th to 45th days in each crop.

The experiments on the four species of clownfish as mentioned above showed that 1) T.
sirindhornae gave the best results in terms of survival and growth rates on Amphiprion frenatus
larvae in crops | and Il, on A. clarkii larvae in crop | and on A. polymnus larvae 2) T. thailandensis
gave the best results on A. ocellaris larvae in crops | and Il 3) Nitocra karanovici gave the best
results on A. frenatus larvae in crop lll 4) Tigriopus sirindhornae, T. thailandensis, T. japonicus,
Paramphiascella choi and Nitocra karanovici gave the best results on A. clarkii larvae in crop Il 5)
Paramphiascella choi gave medium results on clownfish larvae 6) Brachionus and Artemia nauplii
gave minimum results on clownfish larvae. However, Brachionus is an important live food for
larviculture while harpacticoid copepods may be considered a suitable live prey for marine fish
larvae larviculture and used as supplementary food, due to their high nutritional values: essential

fatty acids and amino acids.
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a
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Ryther 1962, Guillard 1975) a9Teazidsada -
§9391%13 F/2 (Lﬂugmmmimaaﬁam%@)

613813 F/2 wanzandmivltiiuguiamsvesimaaiianmaniziam
FMIBTNARNLILTERIMA tdaaanuiduiurasgaemIanduaas “F Medium’
(Guillard & Ryther 1962) 84f39%1bd
MR- L TUNZLATITNTIANNTAILAD 950 NARANT WGuEIwNENGa b a1y
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a a '
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2.2.2.2 Mawzlagsansinafiaaslanwaa

LihasanlaNwaadumIaLaNNIN nﬂi’u@auﬁaddaa@ﬁ'sUﬂﬁaaﬁ;ammﬁ
(1) lfnaeagaawzwaiiofinely usnldluanuwuismadnaus 1 dq 19
g/ a dll 1 = ~ g’ v a 1 .
inzadnannaaniie lililadinaadentin wawdNaI%INe Isochrysis galbana
=3 v & %] U %] o N d' a ‘3’ 1 U
RN s aN I TIWI I Uszanms 10 amamm@lmawmmﬂmma:mmm

o

v o &
2) awmzanuuiiniisdeulafinaaiolu uoninadldludainas aua 100

A Aaa =S v g/ v <3 { a
URRAAT "]J\‘lvl,@ msaglmml,amad uaIUANULAY 30-33 ppt ﬁqmvmw 25-30 83¢1

U

] v
= 1

a P A ] & < °
walBoa Jrzazanaaanuiia—anuging tu 12 ;12 lus wWasuaesina

= & o 6 v ' [~ a o v 1 .
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Chaetoceros sp., Tetraselmis sp. Wz Chlorella sp. Wuemisasaanmisiass wazld
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| (Nauplius | = N 1) w3qdulaaunisuwaiwioa VI (N VI) gy daiiuaisenszos Lo
In@a (Copepodid | = C 1) auddlaflnga V (C V) uazwanwdatduanduds (Adult
%38 C V)

(3) asunaineslainaa 5 shaf inaassauuiaandannisan taun

Tigriopus sirindhornae, T. thailandensis, T. japonicus, Paramphiascella choi

e Nitocra karanovici (Iﬂ‘wﬁ 2)

2.2.2.3 mawizlasslsainaes

Vl@i”%’ummmgmﬁzﬁé‘aazi'lﬂ'iﬁl,wgﬁ{'nﬁuaqa Brachionus (MW 2) mﬂﬁufﬁﬁ
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TWaanBanusanadszuim a9 1 ina19udssuus lauaadslusawuiniin tRud e wIu

I%Lﬂummsm#magﬂﬂmm%@u
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2.2.2.5 Wn'lddainisanialranuiaaniaidissanaisansunaiaaslanwaa
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(1) anda1m3ausuug (Amphiprion ocellaris larvae, NN 4)

a13797 1. aywnagndaniguinuinden 7 ¢ 9 ax 5 dadianiunafinaslafinea

a 6 = e A & ' = a
“qﬂi:ilz Ii(ﬂLWﬂﬁ LRSWALNREELINWNVRI TN aIue 17 nINHIaN a9 31 FINAY

2554 (374 45 1) a3l |

A o [ v A a
ﬂ’]%?i“ﬂl’ﬁaﬂ:ﬂ’]mﬁﬂﬂﬂﬂﬂﬂi@%ﬂu%’]’) mmaagﬂﬂm (97)

o2

Tsn + Tsc + Tsa + (R+An Laniag)

5

Ttn + Ttc + Tta  + (R+An Laniag)

Tin + Tic+ Tja + (R+An laniag)

Pcn + Pcc + Pca + (R+An Laniay)

Nkn + Nkc + Nka + (R+An Lantiag)

Tsnca+Ttnca+Tjnca+Pcnca+Nknca+(R+An Lantiag)

~w|olols|w N

Brachionus + Artemia nauplii

5
5
5
4
5
4

12

17197 2. ayunagnuaniguinsindeu 7 ¢ 9 ax 5 dadan ansunafineslafinaann

sepy LsGuad uazuainloausniinvatarifiils asue 10 wosnaw G924 Hnwiou 2556

(373 45 1) asall Il

A o [ v A v
ﬂ’]%?i“ﬂl’ﬁaﬂ:ﬂ’]mﬁﬂﬂﬂﬂﬂﬂi@%ﬂu%’]’) mmaagﬂﬂm (97)

a2

Tsn + Tsc + Tsa + (R+An Laniag)

5

Ttn + Ttc + Tta + (R+An Lanitay)

Tin + Tic+ Tja + (R+An laniag)

Pcn + Pcc + Pca + (R+An Laniay)

Nkn + Nkc + Nka + (R+An Lantiag)

Tsnca+Ttnca+Tjnca+Pcnca+Nknca+(R+An Lﬁﬂﬁaﬂ)

~|jo|la|lr|lw|N

Brachionus + Artemia nauplii

5
5
5
5
5
5
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(2) andanmsauuzilaine (Amphiprion frenatus larvae, NN 5)

A & A o @ o o & a a
a1797 3. aytnagnuaniguuzilainaibden 2 ¢ 9 az 5 Mdwaiunaiinealafines
nnizuz Lidnat waznaiwdsauIninuesansiilly aud 26 woalniou 2554 fis 10
ANIAN 2555 (374 45 T0) A1l |

wa A9 o & A A o
ﬂ‘ﬂ mmiwlﬂjmgmagﬂﬂmmﬁ?@umwamﬂ mmaagﬂﬂm (e))
1 Tsn + Tsc + Tsa + (R+An Lﬁﬂﬁaﬂ) 5

2 Ttn + Ttc + Tta + (R+An Laniag) 5

a1797 4. aynagnianiguuzilainaibdan 5 ¢ 9 az 5 Mdwaiunaiinealafines
a & a e A & ' v &K a

nnizoz Lidinet uaznaindauniinueasansily aud 10 nuARUS G 26 Tway

2555 (373 45 1) avail ||

T
val

an mmiﬁlﬁmgmagﬂﬂmm%@umﬁamﬂ mmﬁaﬁﬂﬂm (612)
1 Tsn + Tsc + Tsa + (R+An Lﬁﬂﬁaﬂ) 5
2 Ttn + Ttc + Tta + (R+An Laniag) 5
3 Tin + Tic+ Tja + (R+An laniag) 5
4 Tsnca+Ttnca+Tjnca+Pcnca+Nknca+(R+An Lgﬂﬁaﬂ) 5
5 Brachionus + Artemia nauplii 5

a17197 5. autnagnuanisguuzlamnaibden 4 ¢ 9 az 5 Mdwaiunaiinealafines
a & a e A & ' = [y

nnizoz LAt wazuaiwisauninuasansils asud 31 ningan fis 13 Musnou

2555 (374 45 1) asay I

Qj”ﬁ mmsﬁlﬁa%magﬂﬂmm%@umﬁamﬂ mmﬁagﬂﬂm (612)
1 Tsn + Tsc + Tsa + (R+An Laniag) 5
2 Tin + Tic+ Tja + (R+An laniag) 5
3 Pcn + Pcc + Pca + (R+An Lanitag) 4
4 Nkn + Nkc + Nka + (R+An Llanias) 4




(3) gﬂﬂmm%@umﬁﬂﬁaa (Amphiprion clarkii larvae, Ml 6)

14

P & v @ R & a a
AN 6. a%uqagﬂﬂmmi@umﬂﬂaamUaau 4 ﬂ §aed GI’vaaﬁLL‘WﬂﬂﬂafJIﬂwwa@

nnizoz Lidies uazansfilouaniin asud 30 n.A.-12 n.b. 55 (393 45 T4) asay |

dn mmsﬁiﬁmgmag}mﬂmmi’gumﬂﬂﬁm AIMRBaNUAN (9)
1 Tsn + Tsc + Tsa + (R+An Lgﬂﬁaﬂ) 5
2 Ttn + Ttc + Tta  + (R+An Lantiay) 5
3 Tin + Tic+ Tja + (R+An Laniag) 5
4 Brachionus + Artemia nauplii 5

A 6 v @ v @ v 6 a a
AN 7. amgmagﬂﬂmmsgumﬂﬂaamUaau 7 @ § 8z 30 mmmmnwmaﬂwwwaa

a & a e A & ' = PN
nﬂizﬂz Ii@]w\laj LLaguaLWﬂﬂﬁLLiﬂWﬂTa\‘]aqTﬂLuﬂ QLS 10 WHBNION 013 24 NQ%’]U%

2556 (373 45 u) avadl ||

va
ql
U

g o 6 v A s
mmsﬁlﬂjmgmagﬂﬂmmsg}ummJam mmaagﬂﬂm (a1)

1

Tsn + Tsc + Tsa + (R+An Laniag)

5

Ttn + Ttc + Tta  + (R+An Llantiay)

Tin + Tic+ Tja + (R+An Laniag)

Pcn + Pcc + Pca + (R+An Lﬁﬂﬁaﬂ)

Nkn + Nkc + Nka + (R+An Laniasg)

Tsnca+Ttnca+Tjnca+Pcnca+Nknca+(R+An Lﬁﬂﬁaﬂ)

N | O~ O|DN

Brachionus + Artemia nauplii

5
5
5
4
5
4

(4) andaim3Iauauan (Amphiprion polymnus larvae, NN 7)

913199 8. autnagndamiguauihivdan 7 ¢ 9 az 16 dmsaiunafinaslafinaa

UEETE TsGas uazualwRuguInWATaIasNLTe adue 3 qumﬁuﬁ 019 19 w1y 2556
(373 45 1) 1 aval

dn mmsﬁiﬁmgmagﬂﬂmmﬁ’@umuﬁw AIMRBaNUAN (92)
1 Tsn + Tsc + Tsa + (R+An Laniag) 16
2 Ttn + Ttc + Tta  + (R+An Llantiay) 16
3 Tin + Tic+ Tja + (R+An Laniag) 16
4 Pcn + Pcc + Pca + (R+An Lantiag) 16
5 Nkn + Nkc + Nka + (R+An Laniasg) 16
6 Tsnca+Ttnca+Tjnca+Pcnca+Nknca+(R+An Lﬁﬂﬁaﬂ) 16
7 Brachionus + Artemia nauplii 16
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MWN 1. MWENLENAIENZLRVMIALEN 4 Tika LawA (n) Isochrysis galbana
(V) Tetraselmis sp., () Chaetoceros sp. (3) Chlorella sp.

(?) Baker’s yeast
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Tigriopus sirindhornae Tigriopus thailandensis

Tigriopus japonicus Nitocra karanovici

Paramphiascella choi

Brachionus sp. ARN8UUA Nauplius larva usNWNaes Artemia

MW 2. Mwansasunafineslainaa 5 wiia tewn Tigriopus sirindhornae,
T. thailandensis, T. japonucus, Nitocra karanovici, Paramphiascella choi,

158 a3 Brachionus #an8aw1a LAz nauplius larva wInWnaas Artemia



Paramphiascella choi nauplius stage | = 83 pm

..‘-‘ Nitocra karanovici nauplius stage I = 57 Hm

Tigriopus japonicus nauplius stage [ = 118 pm

-,

Tigriopus sirindhornae
_ hauplius stage I =96 um

Tigriopus thailandensis
nauplius stage = 103 pm

; 7 Artemia nauplius stage [ =450 Hm
Brachionus ovigerous P o H

female = 224 M

P ] o . o &3 & A9 v & &
NINN 3. ,ﬂ’]WﬂﬂU@naEl’l\‘la(ﬂ’mﬂluﬁﬂLaﬂﬂsl,“mﬁum%ﬁmgumQﬂﬂmﬂﬂ‘ig}u

WInuinauamaaisauszazwalWa s | a3 Tigriopus sirindhornae,

T. thailandensis, T. japonicus, Paramphiascella choi \Wae Nitocra
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gnﬂmnﬁ@uﬁmnmq 45 3% 810 2.4 T, BN 0.28 NI

ﬂmﬂﬁguﬁuma fnadinein 218A7U 1 i
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gnﬂmm%@umﬁamﬂmqmu 45 7% §10 2.0 TY. BN 0.19 NN
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gﬂﬂmﬂﬁgumﬂﬂﬁaamﬂqmu 45 1% 817 2.5 TN, win 0.31 N3V

Qnﬂmmi‘g}umﬂﬂﬁmmﬂqmu 59 7%

AN 6. mwﬁwvlﬂiﬂmﬂ'ﬁgmmﬂﬂﬁaa, gﬂﬂmm%@umﬂﬂﬁaamqmu 45 4

LLaxgﬂﬂa’m’ﬁ‘@umﬂﬂﬁaa Amphiprion clarkii ©18A3U 59 Mg
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ﬁﬁé’dﬁﬂ"hiﬂmm%gumuﬁﬂﬁLm::aﬂﬁ'mia PVC
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3. HaN15ANEN (Results)
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3.1.2 Tigriopus thailandensis (ﬂ’]‘wﬁ 8.2)

2995030V Tigriopus thailandensis
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3.1.3 Tigriopus japonicus (ﬂ’]‘wﬁ 8.3)

299980V Tigriopus japonicus
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3.1.4 Paramphiascella choi (ﬂﬂ‘wﬁ 8.4)

2993%9AVas Paramphiascella choi
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3.1.5 Nitocra karanovici (fﬂ‘wﬁ 8.5)
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3.2.1 danm3augua1l (nMwh 9.1)
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3.2.2 damiauusiliamng (Mwn 9.3)
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3 24 ﬂmm%@umuﬁ'} (nWTi 9.5)

' & A R a o \ & = ~ & Aa o '
T damSpuundamatiefanuusunszides fiaandfouduiduvug usash
andaraziln aanan 1 lwiwne 14 Iui'uLLsﬂLﬁagnﬂaﬁw:Uaﬂﬂﬂaaﬂmdwﬁnﬁ i Rel G
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3.3 WSsufsudaIaaunazn1TasuLaulavasantarnsaw 4 Tha

3.3.1 Yasnm3ausuw12 (Amphiprion ocellaris larvae) $11% 2 asail

HaInNNIaRLIANaINIIguiNIIdisaiunafinaslafinen 5 ThaTHa
WUULENWATTINAY tawn Tigriopus sirindhornae, T. thailandensis, T. japonicus,
Paramphiascella choi \\aZ Nitocra karanovici U Brachionus + Artemia nauplii T

aval | mewamiw%fyLauimjaognﬂmm%@uﬁwnﬁmﬁ%ﬁma@agjiau
ATLDNY 45 % Lfiamgma@i"m:-

1. Tigriopus sirindhornae LLa@aLﬂugﬂﬁ 1, 8 uaz@1397 1 mmﬁagﬂﬂm
5 iy lddadsdadniunnusn 2.26 udlwasuazinvin 0.24 n3u andan
éhﬁmamnﬁqﬂ 2.40 LenuaLaJmLLazﬁm{mﬁfﬂmﬂﬁg@@ﬁsj 0.28 N3 gﬂﬂmﬁaﬁma
ﬁaﬂﬁq@ 2.10 Lsﬁuammua:ﬁﬁmﬁfﬂﬁaﬂﬁq@ﬁfm 0.20 N3

2. Tigriopus thailandensis LLa@dLﬂugﬂﬁ 2. 8 UaxANTIN 1 mmﬁagﬂﬂm
5 durindn ladadsdadaiinanuen 2.28 [wudluasuazinnin 0.28 n3w I@mgjm
ﬂmﬁaﬁmamﬂﬁq@ 2.40 Léﬁuamel,a:ﬁﬁmﬁfﬂmnﬁq@ﬁaﬂ 0.33 N3 gﬂﬂméﬁﬁ

m’aﬁaﬂ‘ﬁq@ 2.20 Leﬁu@l,uml,l,a:ﬁﬁmﬁfﬂﬁaﬂ‘ﬁq@@ﬁ”’m 0.21 N3Y
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3. Tigriopus japonicus LLamLTJugﬂ'ﬁ 3,8 Uaza3197 1 mmﬁagﬂﬂm 5
srinan ladaasdasiiuenugnn 2.26 IniiuaTLazInnkEn 0.25 N3W lazgn
ﬂmﬁ's“?‘im’mmﬁag@ 2.40 LﬁﬁuaLu@]‘sLLazﬁm‘fmﬁfﬂmﬂﬁag@@T’ssJ 0.32 N3u Qﬂﬂmﬁaﬁ
maﬁaﬂﬁq@ 2.0 LsﬁuaLu@liLLa:ﬁﬁmﬁfﬂﬁaﬂﬁq@@T’m 0.17 N3

4. Paramphiascella choi LLamLﬁugﬂﬁ 4, 8 w3197 1 mmﬁagﬂﬂm

5 aavindy laaaagsdaaduaiusn 1.90 [uALUATLAZINATN 0.16 N I@ﬂgﬂ

]
=3

ﬂmﬁaﬁmamnﬁq@ 2.10 lemaLumua:ﬁﬁmﬁfﬂmnﬁq@ﬁazl 0.23 NJY g}ﬂﬂméﬁ
gndasga 1.80 Loudluasuazlininiasngadis 0.12 n3w

5. Nitocra karanovici LL&@NL‘ﬂ%Eﬂﬁ 5 8 LATANT N 1 mmﬁag}ﬂﬂm 4
i laaafudaaduausn 1.93 wALUATLAZENATN 0.15 NTY I@ﬁgﬂﬂméhﬁ
smmn‘ﬁq@ 2.0 LeﬁufﬁL&lmLLa:ﬁﬁmﬁfﬂumﬁqmﬁzl 0.20 NJY gﬂﬂméhﬁmaﬁfaﬂﬁq@
1.80 Lsﬁu@mmuaxﬁﬁmﬁfﬂﬁaﬂﬁq@éﬁﬂ 0.15 N3y

6. Tigriopus sirindhornae+T.thailandensis+ T.japonicus+ Paramphiascella
choi+Nitocra karanovici LL&@dLﬂugﬂﬁ 6, 8 LATANIIN 1 mmﬁagﬂﬂm 5 GLYINLAY
ladaassaaiiuaiugnn 1.88 LouALNaTLazinGn 0.15 N34 I@ﬂgﬂﬂméhﬁm’g

~ a a y o A o o o A o P
uniga 2.0 lrudluasuaziihninanniigadis 0.22 n3u andaneiendesige
1.60 Lsﬁuammua:ﬁﬁmﬁfﬂﬁaﬂﬁﬁg@ﬁm 0.08 NJY

7. Brachionus+Artemia nauplii uga3.iluzl 7, 8 uaza1319N 1 AIRAEEN

a1 4 ¢1 ladnadudaaitdunainugnn 1.93 walNaILazinen 0.15 N3y I@]U;ﬂﬂ
ﬂmé’aﬁmamnﬁq@ 2.0 Lsﬁu@Lu@sLLa:ﬁﬁmﬁnmnﬁq@@hsl 0.21 NJY gﬂﬂméhﬁma

ﬁasﬁq@ 1.60 mu@mmua:ﬁﬁmﬁﬂﬁaﬂﬁqﬂﬁ'ssl 0.07 N3y

aved |l LLamNamsr«a‘%tyLaaﬂmaagﬂﬂmm%@uﬁwmmﬂﬁaﬁmﬁ%‘%ma@

atlanATUANY 45 U Lﬁaagmaﬁm:-

1. Tigriopus sirindhornae LLN@GL‘TJ%E]J’?% 9, 16 LLa:mS’Nﬁ 2 mmﬁagﬂ
U 5 dariidy ldeaasdasitiunanusnn 2.54 1uiluasuasinnen 0.32 niu an
ﬂmé”;ﬁm’amﬂﬁq@ 2.70 LeﬁuaL;JmLLa:ﬁﬁmﬁfﬂwmﬁqu’sU 0.37 n3u gnﬂméf'aﬁ
maﬁaﬂﬁq@ 2.40 LqmaL;\lmua:ﬁt{mﬁfﬂﬁaﬂﬁq@ﬁm 0.26 N3

2. Tigriopus thailandensis waastIuzi 10, 16 uaza9197 2 ALMAegN
U 5 duringa Idenaasdasniuanugi 2.71 [uiiuasuazinnein 0.40 n3w
I@ﬁgﬂﬂmﬁ’sﬁﬂnmnﬁq@ 2.80 LfﬁuﬁL&JmLLa:ﬁm{mﬁfﬂmnﬁq@@TfaU 0.45 n3u gnian

@Tﬁﬁmaﬁamﬁq@ 2.60 Lsnuam@ma:ﬁﬁmﬁﬂﬁaUﬁq@ﬁasl 0.33 NJW
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3. Tigriopus japonicus LLamL‘ﬂugﬂﬁ 11, 16 Waza1397 2 mmﬁat@ﬂﬂm
5 iy lddaassdadiuninusnd 2.56 udlwasuazimin 0.33 n3u lazgn
ﬂmﬁaﬁmamnﬁag@ 2.70 LmuaLumLLazﬁm‘fﬁ%ﬁfﬂmﬂﬁq@ﬁ'szl 0.43 N3u gﬂﬂmﬁaﬁ
m’sﬁaﬂ'ﬁq@ 2.5 LsﬁuaLu@liLLa:ﬁﬁmﬁfﬂﬁaﬂﬁq@@T’m 0.31 N3

4, Paramphiascella choi ug@dLilugui 12, 16 uazans1si 2 Aswdagn
Ua 5 duringa Idenaasdasniunnugi 2.63 udiuasuazinnegn 0.33 n3w
Imgnﬂméﬁﬁmamﬂﬁq@ 2.90 Lsnufﬁmea:ﬁm{mﬁfﬂmnﬁq@@ﬁsl 0.41 n3u gnian
ﬁaﬁmaﬁayﬁq@ 2.30 Lﬁmammua:ﬁmf’mﬁﬂﬁaUﬁq@éﬁﬂ 0.26 N3u

5. Nitocra karanovici Ltaml,ﬂugﬂﬁ 13, 16 L8LANTIT 2 mmﬁag}ﬂﬂm 5
i lddaasdasduanuenn 2.49 LuilaTLaztinwin 0.29 n3u I@ﬂgﬂﬂmé"sﬁ
smmﬂ"?‘iq@ 2.80 Lsﬁuamea:ﬁﬁmﬁfﬂmnﬁq@ﬁasl 0.37 N3W gﬂﬂméf';ﬁmaﬁfaﬂ
ﬁq@] 2.20 Lsnuamml,m:ﬁm{mﬁfﬂﬁaﬂﬁg@ﬁ’aU 0.19 3w

6. Tigriopus sirindhornae+T.thailandensis+ T.japonicus+ Paramphiascella
choi+Nitocra karanovici LLamLﬂugﬂ“ﬁ 14, 16 LLazmi’mﬁ 2 mmﬁagﬂ‘ﬂm 5 @L¥INLAN
Ieeniaandasiuninueng 2.47 [udluasuazinnegn 0.31 n3y I@sgﬂﬂmﬁaﬁma
mﬂ‘*?'iqcﬂ 2.80 LsﬁuaLumLLa:ﬁﬁwﬁfmﬂﬂﬁqmﬁU 0.50 N3 gﬂﬂmé’aﬁmaﬁaﬂﬁq@
2.10 Lﬁmammua:ﬁﬁmﬁfﬂﬁayﬁq@ﬁm 0.18 N3

7. Brachionus+Artemia nauplii LLamLﬁjugﬂﬁ 15, 16 LLazm‘i’m‘ﬁ 2 AILARND

anuan 5 aviue Ieteniaaadasniunnug 2.44 LIHALNATLAZINMIEN 0.28 N3W
I@ﬂgnﬂmé’aﬁmamﬂﬁq@ 2.80 LsﬁuaLumuazﬁﬁmﬁfﬂmnﬁq@ﬁaa 0.39 N3 gnian

é‘a'ﬁmaﬁaﬂﬁag@ 1.90 LsﬁuaLumLLazﬁﬁmﬁfﬂﬁaﬂﬁ@m@Tw 0.14 N3y

3.3.2 danmisauusiliaine (Amphiprion frenatus larvae) 3114 3 Avad

Naﬁnﬂm‘ia%magﬂﬂa’mﬁg}uwu‘ﬁamﬂ@T’maﬁLwaﬁﬂaUTﬂﬁwa@ 5 THe
ﬁd WULLENLRZIINA oA Tigriopus sirindhornae, T. thailandensis, T. japonicus,
Paramphiascella choi W& Nitocra karanovici AU Brachionus + Artemia nauplii T

aval | LLamNamiLﬁzyLauimmaagﬂﬂaﬁﬂwi‘@uuxL%amﬂﬁmﬁ%"?maﬂag
IUNTUBNY 45 T Lfiamgmaﬁm:-

1. Tigriopus sirindhornae LLa@]GLﬂugﬂﬁ 17, 19 LLa:mi’mﬁ 3 mmﬁagﬂ
U 5 dariidy ldeaasdasitinanusnd 2.18 1 uiluasuasinnen 0.21 niu an
ﬂméhﬁm'amr]ﬁaj@ 2.40 Lﬂmammua:ﬁwfﬁ%ﬁfﬂmﬂﬁwﬁ’asl 0.28 N3u gﬂﬂméf'aﬁ

maﬁaﬂﬁq@ 1.80 LfﬁmaL&ImLLazﬁﬁmﬁfﬂﬁasﬁq@ﬁw 0.13 NJY
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2. Tigriopus thailandensis uaasLiluzl 18, 19 Uaza1 99 3 ALRAYN
181 5 @urian eaadadaatlunaNgd 2.12 L EnANaTLaziN®n 0.22 N3u
Imgﬂﬂmé‘aﬁmamﬂﬁq@ 2.70 Lenu,aLumLLa:ﬁﬂmﬁfﬂmﬂﬁq@@ﬁﬂ 0.41 N3y anian

o A v A a a v o A o o
@l’J“/]EI’]’JummE;I@ 1.60 LT%@ILN@?LLazuu’]%uﬂuaﬂﬂq@@’]ﬂ 0.09 N3y

asal |l mewamim‘%tyLauimmaagﬂﬂmm%@uwu%amﬂﬁmﬁ%‘ima@agji
IUNTUDNY 45 T Lﬁaamgmaé’w:-
1. Tigriopus sirindhornae LLa@dLﬂugﬂﬁ 20, 25 LLa:mSNﬁ 4 mmﬁagﬂ
U 5 dariidy ldeaasdasitiunanusnd 2.28 1 uiluasuasinnen 0.25 niu an
ﬂawﬁaﬁm'amﬂﬁ@m 2.70 LqmaLumua:ﬁﬁmﬁfﬂmﬂﬁg@ﬁ'gsl 0.42 N3u Qﬂﬂméﬁﬁ
zmﬁaﬂﬁq@ 1.70 mmaL@JmLLa:ﬁm{mﬁfﬂﬁaﬂﬁq@ﬁasl 0.13 N3
2. Tigriopus thailandensis LLamLﬂugﬂﬁ 21, 25 LLazmi’N‘ﬁ 4 mmﬁagﬂ
U 5 dariidy ldeaasdasitdnanusnd 1.88 Lualuasuasinven 0.18 n3u
I@ugnﬂmﬁ’;ﬁm’;mnﬁq@ 2.30 Léﬁuf?lLumLLa:ﬁﬁmﬁfﬂuﬁﬂﬁq@@T’aaJ 0.42 N3y gy
é’aﬁmaﬁayﬁq@ 1.70 Lﬁﬁuammua:ﬁﬁ’mﬁfﬂﬁaUﬁq@ﬁw 0.11 N3W
3. Tigriopus japonicus LLa@aLfﬂugﬂﬁ 22, 25 UazANTI9N 4 mmﬁagnﬂm
5 iy lddadsdadiiuninusnd 1.781mwaluaTILazENwin 0.10 N5W T,@]zlgm
ﬂmé”;ﬁm’;mnﬁq@ 2.0 LsﬁuaLu@liLLa:ﬁm{'mﬁfﬂmr]ﬁq@@Tﬁs;l 0.13 N3 gﬂﬂmﬁfaﬁmfa
ﬁaﬂﬁq@ 1.60 Lsﬁuammua:ﬁﬁmﬁfﬂﬁaﬂﬁq@ﬁm 0.07 N3
4. Tigriopus sirindhornae+T.thailandensis+ T.japonicus+ Paramphiascella
choi+Nitocra karanovici LLﬁ@dLﬂug‘ﬂﬁ 23, 25 uaza39h 4 ANnREANLAN 5 MG
Ieetaapsdadtiuninusnd 1.88 [wudlwasuazimen 0.13 n3uy I@Ugﬂﬂmé’aﬁma
mﬂﬁq@ 2.40 mu@mmua:ﬁﬁmﬁhmnﬁq@éﬁﬂ 0.22 N3 gﬂﬂmﬁaﬁmaﬁaﬂﬁagﬂ
1.30 LsﬁuaLu@iLLa:ﬁﬁmﬁfﬂﬁaﬂﬁq@ﬁm 0.07 N3W
5. Brachionus+Artemia nauplii LLa@NLﬂugﬂ‘ﬁ 24, 25 LLa:mi’mﬁ 4 AILRRD
andan 5 ariida Ienaasdamiiuninugn 1.68 LUwALWATLAZINMAEN 0.09 N5
I@Ugﬂﬂméﬁﬁmamﬂﬁq@ 2.0 lemaLumLLazﬁﬁmﬁfﬂmﬂﬁq@@T’s51 0.17 3w gnila

é’aﬁm’sﬁasﬁq@ 1.40 LﬁljuaL&lmLLa:ﬁﬁmﬁfﬂﬁasﬁq@@T’Jal 0.03 NJY
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ased Il ugesamasgdulavesgnlanniiguuziliainanasiizinranat
IUATUDNY 45 T LBOULIAGIL:-

1. Tigriopus sirindhornae Ll,aml,ﬂugﬂﬁ 26, 30 LLaz(mi’N“?i 5 mmﬁagﬂ
U 5 daringa ldenaasdasniunnugn 2.12 uiiuasuazinnegn 0.20 n3w an
ijmﬁaﬁmamﬂﬁag@ 2.30 Lsnuammuazﬁﬁmﬁfﬂmﬂﬁq@ﬁasl 0.23 N3u Qﬂﬂmﬁaﬁ'
m’aﬁaﬂ‘ﬁq@ 1.90 LsﬁuaL&J@ﬁLLazﬁﬁmﬁfﬂﬁaﬂﬁq@@hU 0.16 N3
2. Tigriopus japonicus LLa@aLﬂugﬂﬁ 27, 30 uAzATI7 5 mmﬁagmﬂm
5 duvindn laaadsdadaniuanuen 2.120aluasuasinnen 0.20 n3u I@mglm
ﬂméﬁﬁmamﬂﬁq@ 2.30 LsnuaLumLLazﬁm{mﬁfﬂmﬂﬁq@ﬁm 0.26 N3W gﬂﬂmﬁ’sﬁ
smﬁaslﬁq@ 1.80 Lmuammua:ﬁm{mﬂfﬂﬁaﬂﬁq@éfqzl 0.15 N3
4, Paramphiascella choi LLamLﬂugﬂﬁl 28, 30 LLazmi’N‘ﬁ 5 ﬂ\‘imﬁa’gﬂ
U 4 1 leeaasdadiduanumi 2.08 LIRiuasLaziInn 0.21 n3u I@mgﬂ
ﬂmé’aﬁmamﬂﬁq@ 2.40 Lsﬁuamel,a:ﬁﬁmﬁﬂmnﬁq@@ﬁU 0.26 N3 Qﬂﬂméhﬁ
mfsﬁaﬂﬁq@ 1.600 Lénuammua:ﬁm{mﬂfﬂﬁaﬂﬁq@ﬁw 0.13 N3W
5. Nitocra karanovici LLamLﬂugﬂ‘ﬁ 29, 30 Uaza319M 5 mmﬁagnﬂm 4
i ledadsdaduanuen 2.16 Irwiluasuazsiiwin 0.23 niu I@ﬂg}ﬂﬂméhﬁ
mamnﬁq@ 2.30 LffﬁuaL;Jml,l,azﬁﬁmﬁfﬂmnﬁq@ﬁ’stl 0.27 N3 gnﬂmé’aﬁmaﬁaﬂ

ﬁq@ 1.85 Lmuammua:ﬁﬁmﬁfﬂﬁaUﬁq@ﬁw 0.17 N3y

3.3.3 danmisauansUaad (Amphiprion clarkii’s larvae) $1u% 2 asatl

KanNIaRLIagndaniguuzilamadisaniunaiinaslafines 5 il
NILULLENLAZIINAY Lo A Tigriopus sirindhornae, T. thailandensis, T. japonicus,
Paramphiascella choi W8z Nitocra karanovici AU Brachionus + Artemia nauplii T

avay | LLamwamsm‘%tyLauimmaaQﬂﬂmm%@umﬂﬂaﬁ”aaﬁmﬁ%ﬁma@agj'«au
ATUE 45 T LilaauLNaeIL:-

1. Tigriopus sirindhornae LLamLﬁjugﬂ‘ﬁ 31, 35 LLa‘zm‘i’m‘ﬁ 6 ﬂ\‘lmﬁagﬂ
U 5 duringa ldeniaasdasiiuanugi 2.60 Lndiuasuazinnegn 0.42 n3w an
ﬂmﬁaﬁmamnﬁq@ 3.10 LsﬁuameLLazﬁﬁmﬁfﬂmr}ﬁq@ﬁaal 0.54 N34 gnﬂméh'ﬁ
maﬁaﬂﬁ@m 2.0 LsﬁuaLumLLazﬁﬁmﬁfﬂﬁasﬁﬁg@ﬁm 0.31 N3

2. Tigriopus thailandensis LL&@GLﬂugﬂ‘ﬁl 32, 35 LLai:@nT]\‘i“?i 6 ﬂ\‘imﬁagﬂ

Ui 2 62 laanafssdaaduausnl 2.50 [ouiluaTiazinngn 0.32 N3 lay
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v 1

gﬂﬂméﬁﬁmamﬂﬁq@ 2.60 Lsnuf?]LumLLa:ﬁﬁmﬁfﬂmﬂﬁq@@ﬁsl 0.36 N34 gﬂﬂmé’aﬁ
m’uﬁaﬂﬁq@ 2.40 LsﬁuaLumLLazﬁﬁmﬁfﬂﬁaﬂﬁq@ﬁw 0.28 N3y
3. Tigriopus japonicus Uxka3Liu31# 33, 35 ULaza3197 6 AInADgNUA

5 ALY N laaaassdadtdwaNen 2.72 uaLNaTuaziNwTn 0.47 NI I@]ﬁlg\}ﬂ

]
~

ﬂmﬁaﬁmamnﬁq@ 3.20 LsﬁuaLu@liLLazﬁﬁ’]%ﬁfﬂmnﬁq@@hal 0.62 N3 anUa1n
maﬁas‘?‘iq@ 1.90 LsﬁuaLumLLazﬁﬁmﬁfﬂﬁasﬁﬁgﬂﬁ’asJ 0.16 N3

4. Brachionus+Artemia nauplii LLamL‘ﬂugﬂ‘ﬁ 34, 35 LLa:@ni’mﬁ 6 AILTARD
anda 4 auviua Ieeniaansdasadunnuend 2.23 [udluasuazinnen 0.24 n3y
I@ﬂgﬂﬂmﬁaﬁmamﬂﬁq@ 2.5 Leﬁu@mmua:ﬁﬁmﬁhmnﬁqmﬁsl 0.31 34 gnian

o A [ A A a v o A [ [
@I’)‘Y]EJ’]’J%E]EJ‘Y]E:T@ 1.90 L‘ﬁ%@lLﬂJ@]iLLazw%’]%%ﬂ%BEJ‘Y]E:T@]@’JEJ 0.14 n3y

asall Il mewamim‘%muL@luimaagﬂﬂmm%@ummﬂﬁadﬁmﬁ%ﬁima@ag
INATUBE 45 % Lﬁaaii,UWa@TaU:-

1. Tigriopus sirindhornae L&aldu3LN 36, 43 UazaNI9N 7 AdLWREYN
181 30 @riLaN laatafgsaatiluaNe1 2.96 LIUALNATLAZENWIN 0.46 NN
gﬂﬂmﬁaﬁmamﬂﬁq@ 3.80 LﬁﬁuaLmsLLa:ﬁﬁ’mﬁfﬂmﬂﬁq@ﬁ’m 0.92 N3Y gﬂﬂméhﬁ
pndasiga 2.0 loudwasuasiihniniaafngacie 0.14 n3w
2. Tigriopus thailandensis uaa.iluzl 37, 43 uaza19M 7 Aundegn
181 30 ArLaN laaafssaatilunaNe1 2.69 LIRALNATLAZ WD 0.39 NN
I@ﬂgﬂﬂmﬁaﬁmamﬂﬁg{@ 3.50 LﬁﬁuaLumLLa:ﬁﬁmﬁfﬂmﬂﬁq@ﬁaU 0.65 NJY anyan
o A o P ’~ a y o o P o [
Mfisnosfige 1.80 lwudluatuazlshwnniasigadis 0.12 N3y
3. Tigriopus japonicus LaadLiluglf 38, 43 uaza19 7 aundegnian
30 aavindy ladafudaadlnaiusnl 2.80 [wALUATLAZYINARTN 0.39 NTY I@mgm
ﬂmé’aﬁmamﬂﬁq@ 3.40 LsnuaLumLLazﬁﬁmﬁﬂMﬂﬁq@ﬁaﬂ 0.55 N34 gﬂﬂméﬁﬁ
v dl a A g/ b v dl £ 0/
#1BENge 1.80 Irudlwasuaziiihwinieasngasiy 0.10 n¥u
4. Paramphiascella choi uaaa.du3UN 39, 43 UazaN19N 7 AILARREN
a1 30 avinan ladaassaaitdnauen 2.42 iy aILazinngn 0.28 NN
I@Ugﬂﬂméfqﬁmamﬂﬁq@ 3.60 Lﬁnuam@mm:ﬁﬁ’mﬁfﬂmﬂﬁq@ﬁ’asl 0.71 N3y anyan
é’aﬁm’sﬁaﬂﬁﬁgﬂ 1.50 LmuameLLazﬁﬁmﬁfﬂﬁaﬂﬁq@@T’m 0.05 N3Y
5. Nitocra karanovici LLa@aLﬂugﬂﬁ 40, 43 LATAN19N 7 mmﬁagﬂﬂm

30 @1 LA ILRRYGaA LT ANNET 2.47 LTWALUATLAZINWIN 0.30 TN I@ﬂgﬂﬂméh
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ﬁﬂnmﬂﬁq@ 3.40 Lﬁmammua:ﬁﬁmﬁfﬂmﬂﬁq@ﬁasl 0.64 N3u @lﬂﬂmﬁaﬁ'maﬁaﬂ
‘ﬁq@ 1.90 LsﬁuaLumLLazﬁﬁmﬁfﬂﬁaﬂﬁq@ﬁw 0.11 N3W

6. Tigriopus sirindhornae+T.thailandensis+ T.japonicus+ Paramphiascella
choi+Nitocra karanovici LL&@GL‘ﬂuEﬂ‘ﬁ 41, 43 LLa:@n‘i’mﬁ 7 mmﬁag}ﬂﬂm 30 @L¥in
G ledtaandad iy 3.47 IRRuaLasIMN 0.73 N3u I@ﬂgﬂﬂmﬁaﬁ
mamﬂﬁq@ 4.0 Lsnuammuazﬁt{mﬁﬂmnﬁq@éﬁs;l 1.10 N3W gﬂﬂméﬁﬁmaﬁasﬁﬁg@
2.20 Lsnu?n,umua:ﬁﬁmﬁnﬂamﬁq@@"hﬂ 0.17 N3u

7. Brachionus+Artemia nauplii ugadLIugUfl 42, 43 uaze1397 7 Asinda

anian 30 arida Iefeniaasdaiiinainugni 2.36 LIwALUaTuaz i 0.26
n3u I@Ugﬂﬂméfqﬁmamnﬁq@ 3.20 Lsﬁuammuazﬁﬁmﬁfﬂmﬂﬁq@@hEJ 0.58 N3 an

ﬂmﬁaﬁmaﬁamﬁq@ 1.90 Lsﬁu@mmua:ﬁﬁmﬁnﬁamﬁq@ﬁw 0.12 NJY

3.3.4 Uanm3auawain (Amphiprion polymnus larvae) 31434 1 asatl

Kannsaywagndaniguanuihdisaniunaiineslafinea 5 slauuy
WENLAZTINAY lawA Tigriopus sirindhornae, T. thailandensis, T. japonicus,
Paramphiascella choi \\aZ Nitocra karanovici AU Brachionus + Artemia nauplii Tu

LLamwamim‘%zyLauimmaa;o]mJmmi’@umsﬂﬁaaﬁmﬁ%ﬁma@agjaumu
01y 45 % Lﬁamggma@i”w:-

1. Tigriopus sirindhornae Ll,a@dl,i“;lugﬂﬁ 44, 51 LLazmiwﬁl 8 mmﬁagﬂ
U 16 davingu ldenaasdasiniuanugn 2.86 LniiuaTuazinnein 0.46 n3w
gﬂﬂmé’aﬁmamﬂﬁq@ 3.70 Lsnuammua:ﬁi{mﬁﬂmnﬁq@ﬁaﬂ 0.79 N3 gﬂﬂméhﬁ
m’sﬁaﬂﬁq@ 2.10 LsﬁuaLumuazﬁﬁmﬁfﬂﬁaﬂﬁq@ﬁm 0.16 N3
2. Tigriopus thailandensis LLa@NLﬂugﬂﬁ 45, 51 LLa:mi’Nﬁ 8 mmﬁagﬂ
Uan 16 dariidy ldeniaasdasitiunanusnn 2.77 1 uiiuasuasinnen 0.40 n3u
I@Ugﬂﬂméﬁﬁmmmﬁq@ 3.30 LeﬁuaLumLLazﬁm{mﬁfﬂMﬂﬁq@ﬁaU 0.63 N3w anLan
é’aﬁmaﬁaﬂﬁq@ 2.20 Lsﬁu@mmua:ﬁﬁmﬁhﬁamﬁq@ﬁw 0.21 N3u
3. Tigriopus japonicus LLa@aL'ﬂugﬂﬁ 46, 51 UazANT197 8 mmﬁag}ﬂﬂm
16 sviian laaaasdasiduanuen 2.59 waiuasuazsinwin 0.36 niu I@mgm
ﬂmé’aﬁmamnﬁﬁg@ 3.20 Lﬁﬁuameuazﬁﬁmﬁfﬂumﬁq@ﬁazl 0.55 N3W Qﬂﬂmﬁa‘ﬁ'
m’sﬁaﬂ‘ﬁq@ 1.90 Lsﬁuammua:ﬁﬁmﬁfﬂﬁaUﬁq@ﬁ’sLl 0.14 N3
4. Paramphiascella choi ug@alilugui 47, 51 uazanasn 8 astwdagn

181 16 @riLaN taaafgsaatiluaNeTd 2.42 LouANaTLAZ WD 0.32 NTX
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Imgﬂﬂmﬁaﬁmamnﬁq@ 3.0 LsxmaLumLLa:ﬁﬁmﬁfﬂmﬂﬁq@@ﬁsl 0.46 N3y anian
o A ) ~ a a y o o ~ o [
MAzntosnige 1.60 lwudluatuazlshmnndasfigadis 0.1 N3y

5. Nitocra karanovici LLamLi‘;lugﬂﬁ 48, 51 AT 8 mmﬁagﬂﬂm
16 ¢ laaadsdaatdwaaNgnl 2.73 [ uANaILazIIRTN 0.42 Ny I@&lgﬂﬂméh
A A P a2 @ ~ [ @ o A LY
NEunNga 3.40 Lrudwasuazlihwinunigadis 0.73 Ny andaeinenay
ﬁq@ 2.10 LsﬁuaLumLLazﬁﬂmﬁfﬂﬁasﬁwﬁm 0.24 N3y

6. Tigriopus sirindhornae+T.thailandensis+ T.japonicus+ Paramphiascella
choi+Nitocra karanovici LLamLﬂugﬂﬁ 49, 51 LATA119N 8 mmﬁag}ﬂﬂm 16 ALY
Wy laaadadaaduaugin 2.78 LuALaILaziIRgn 0.45 Ny I@ﬂg}ﬂﬂm@shﬁ

~ a a o A o o o A o
§1NNAFA 3.20 Lrudluatuazlthwinanfigasie 0.60 n3w gnuaafisnes
ﬁa;m 2.0 L"]maLN@?LLazﬁﬁﬁﬂﬁﬂﬁaﬂﬁq@ﬁdEl 0.19 NJY
7. Brachionus+Artemia nauplii W&@3tdu31# 50, 51 uazan319h 8 AInAe

anian 16 AYNLAN laaaassaaItdnauen 2.48 IwALNATLAZINWYN 0.33
N3y I@ﬂgﬂﬂmﬁaﬁmamﬂﬁq@ 3.10 LsﬁuameLLazﬁﬁmﬁfﬂmﬂﬁqm‘Tw 0.53 N3% an

ﬂméf’aﬁmaﬁamﬁq@ 1.80 Lmuammua:ﬁﬁmﬁfﬂﬁaUﬁﬁg@éﬁﬂ 0.10 NJW

a 6 v aa
3.4 UAINTHAVDNANINRD G

e Tl sunsuwas (Past Programme) 483 Hammer et al. (2001) luny
Aenzidayanisaiidlasiian One-way ANOVA PENUANENIITRIIENMIRTI A 1E
\Duanmsayunagndaimiou 4 Tia Aa

1. anuamiguduang

2. andamiguuziliaine

3. gﬂﬂmm%@umﬂﬂﬁaa

4, Qﬂﬂﬂ’]ﬂ’]%ﬂ%&luﬁmﬂﬂ

NANITILATIZH LA ULEa I 1an3199 9-12 Taswuin mm‘sﬁ%%nﬂ"ﬁﬁ@m‘%

o 5

autnagnilamiiguivdanudazaiia Inauandrinuiuadaiismaynana
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5. Nitocra karanovici, 6. Harpacticoid copepods 5 T#@ Was 7. Brachionus + Artemia nauplii

32319 17 nIngawn 09 31 FIwraw 2554 (avetl 1)

Harpacticoid

Tigriopus Tigriopus Tigriopus Paramphiascella | Nitocra copepods Brachionus +
810U | sirindhornae thailandensis | japonicus choi karanovici 5 %90 5INNW | Artemia nauplii
Lt Wt Lt Wt Lt Wt Lt Wt Lt Wt Lt Wt Lt Wt
(@) (cm) (gm) (cm) (gm) (cm) (gm) (cm) (gm) (cm) (gm) (cm) (gm) (cm) (gm)
1 2.20 0.25 2.40 0.33 2.40 0.32 1.80 0.15 2.00 0.20 2.00 0.19 1.60 0.07
2 2.40 0.28 2.30 0.3 2.40 0.28 210 0.23 1.90 0.11 1.90 0.13 2.00 0.17
3 2.40 0.28 2.20 0.21 2.30 0.27 2.00 0.17 2.00 0.15 1.60 0.08 2.00 0.21
4 210 0.21 2.20 0.24 2.00 0.17 1.80 0.12 1.80 0.15 2.00 0.22 1.60 0.10

5 2.20 0.2 2.30 0.3 2.20 0.23 1.80 0.13 - - 1.90 0.12 - -
9N 11.30 1.22 11.40 1.38 11.30 1.27 9.50 0.80 7.70 0.61 9.40 0.74 7.20 0.55
Lﬂaﬂ 2.26 0.24 2.28 0.28 2.26 0.25 1.90 0.16 1.93 0.15 1.88 0.15 1.80 0.14

MTNN 2. AU (TH.) LAZIIRTN (NTN) maagnﬂmm%@uﬁwnmqmu 45 % INNIILRLIA2EY

1. Tigriopus sirindhornae, 2. T. thailandensis, 3. T. japonicus, 4. Paramphiascella choi,

5. Nitocra karanovici, 6. Harpacticoid copepods 5 B L& 7. Brachionus + Artemia nauplii

LW 10 womnaw 09 24 Agwiou 2556 (a3l 1)

Harpacticoid
Tigriopus Tigriopus Tigriopus Paramphiascella | Nitocra copepods Brachionus +

BRGH sirindhornae thailandensis Jjaponicus choi karanovici 5 5Ra INNH Artemia nauplii
Lt Wt Lt Wt Lt Wt Lt Wt Lt Wt Lt Wt Lt Wt

() (cm) (gm) (em) | (gm) | (cm) | (gm) | (cm) (gm) (em) | (gm) | (em) | (gm) | (cm) (gm)
1 2.70 0.37 2.70 0.40 2.50 0.31 2.60 0.33 2.40 0.24 2.30 0.23 2.80 0.39

2 2.40 0.30 2.80 0.42 2.50 0.30 2.90 0.41 2.50 0.31 210 0.18 2.80 0.37

3 2.50 0.34 2.70 0.42 2.50 0.32 2.60 0.29 2.40 0.25 2.80 0.50 2.20 0.21

4 2.70 0.34 2.70 0.38 2.60 0.34 2.30 0.26 2.60 0.33 2.40 0.23 2.50 0.29

5 2.40 0.26 2.80 0.45 2.50 0.31 2.70 0.36 2.50 0.36 2.70 0.38 2.40 0.26

6 2.60 0.34 2.70 0.41 2.70 0.43 2.50 0.26 2.80 0.37 2.50 0.32 2.50 0.27

7 250 | 031 | 260 | 033 | 260 | 031 | 280 | 039 | 220 | 019 | 250 | 031 | 0 014
N 17.80 2.26 19.00 2.81 17.90 2.32 18.40 2.30 17.40 2.05 17.30 215 17.10 1.93
L%?I.FJ 2.54 0.32 271 0.40 2.56 0.33 2.63 0.33 2.49 0.29 2.47 0.31 2.44 0.28

56



a137197 3. AN (T.) wazimin (n3) sasgnuamiguuziliainaanyaTy 45 T

139N 4. anue (Ta.) uazimiin (n3u) sesgniammiguuziliainaaiyaTy 45 T

AMNMIRLIGY 1. Tigriopus sirindhornae, 2. T. thailandensis

LRI 26 WRAINBW 2554 119 10 ANTIAN 2555 (AW 1)

Tigriopus sirindhornae Tigriopus thailandensis
anau
Lt Wt Lt Wt
() (em) (gm) (em) (gm)
1 1.80 0.13 2.70 0.41
2 2.20 0.23 2.20 0.19
3 240 0.28 210 0.20
4 2.30 0.24 1.60 0.09
5 2.20 0.17 2.00 0.19
3 10.90 1.05 10.60 1.08
adn 2.18 0.21 212 0.22

ANMIRLIAE 1. Tigriopus sirindhornae, 2. T. thailandensis, 3. T. japonicus,

4. Harpacticoid copepods 5 @ Wae 5. Brachionus + Artemia nauplii

¢339 10 Qumﬁuﬁ fiv 26 Jwran 2555 (avay 1)

57

Harpacticoid
Tigriopus Tigriopus Tigriopus copepods Brachionus +
BRGH sirindhornae thailandensis Jjaponicus 5 %Ra INNH Artemia nauplii
Lt Wt Lt Wt Lt Wt Lt Wt Lt Wt

(é) (cm) (gm) (cm) (gm) (cm) (gm) (cm) (gm) (cm) (gm)

1 1.7 0.13 1.70 0.11 2.00 0.13 1.30 0.07 1.5 0.04

2 2.2 0.18 2.30 0.18 1.80 0.10 1.90 0.14 1.40 0.03

3 24 0.25 1.70 0.07 1.60 0.07 2.10 0.14 1.70 0.10

4 2.7 0.42 2.00 0.14 1.90 0.11 240 0.22 2.0 0.17

5 24 0.29 1.70 0.11 1.60 0.09 1.70 0.10 1.80 0.10
W 11.4 1.27 9.40 0.61 8.90 0.50 9.40 0.67 8.40 0.44
La?llil 2.28 0.25 1.88 0.12 1.78 0.10 1.88 0.13 1.68 0.09




171991 5. A2WBNY (T4.) wazthwiin (n3w) sesgnilanmiguuziliamaanyaTy 45 Ju
ANMILALIGE 1. Tigriopus sirindhornae, 2. T. japonicus,
3. Paramphiascella choi W8z 4. Nitocra karanovici

321319 31 nIngIaw 019 13 Auenan 2555 (Asal 1l

Tigriopus Tigriopus Paramphiascella Nitocra
Rl sirindhornae Jjaponicus choi karanovici
(@) Lt Wt Lt Wt Lt Wt Lt Wt
(cm) (gm) (cm) (gm) (cm) (gm) (cm) (gm)
1 2.20 0.22 2.20 0.19 2.20 0.22 2.20 0.20
2 2.10 0.18 2.30 0.24 2.40 0.26 2.30 0.27
3 1.90 0.16 2.30 0.26 1.60 0.13 1.85 0.17
4 2.10 0.19 2.00 0.16 210 0.24 2.30 0.27
5 2.30 0.23 1.80 0.15 - - -
3N 10.60 0.98 10.60 1.00 8.30 0.85 8.65 0.91
adn 212 0.20 212 0.20 2.08 0.21 2.16 0.23

A g’ £ o 14 v a
ANIWNN 6. ANMNLI (TX.) LASUIAWN (NIV) madgnﬂmmsg}umﬂﬂaaamqmu 45 %
AMNMIRLIAE 1. Tigriopus sirindhornae, 2. T. thailandensis, 3. T. japonicus
Wae 4. Brachionus + Artemia nauplii

32319 30 nIngnaw D9 12 Nuenew 2555 (ase 1)

Tigriopus Tigriopus Tigriopus Brachionus +
sirindhornae thailandensis japonicus Artemia nauplii
a1ay
Lt Wt Lt Wt Lt Wt Lt Wt
(@) (cm) (gm) (cm) (gm) (cm) (gm) (cm) (gm)
1 2.70 0.37 2.60 0.36 3.20 0.61 2.50 0.31
2 3.10 0.54 2.40 0.28 2.90 0.54 2.50 0.31
3 3.00 0.57 - - 3.20 0.62 1.90 0.14
4 2.20 0.33 - - 1.90 0.16 2.00 0.18
5 2.00 0.31 - - 240 0.42 -




N

13.00

5.00

13.60

2.35

0.94

E
aag

2.60

0.42 2.50

0.32 2.72

0.47

2.23

0.24

TN 7. ANWENT (T4.) wazthwin (nw) sesgnilanmiguasldedenyaTy 45 Fu MR

1. Tigriopus sirindhornae, 2. T. thailandensis, 3. T. japonicus, 4. Paramphiascella choi,

5. Nitocra karanovici, 6. Harpacticoid copepods 5 T#a Was 7. Brachionus + Artemia nauplii

32319 10 W HAAY D19 24 Hnuiaw 2556 (A3ad 1)
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Harpacticoid Brachionus +
Tigriopus Tigriopus Tigriopus Paramphiascella Nitokra copepods Artemia

Rl sirindhornae thailandensis Jjaponicus choi karanovici 570 INAK nauplii
Lt Wt Lt Wt Lt Wt Lt Wt Lt Wt Lt Wt Lt Wt
() (cm) | (gm) (em) | (gm) | (cm) | (gm) (cm) (gm) (cm) (gm) (em) | (gm) | (cm) | (gm)
1 3.00 0.47 3.20 0.53 3.50 0.71 2.00 0.11 2.20 0.20 3.10 0.50 2.00 0.15
2 2.70 0.30 2.30 0.23 2.90 0.41 2.70 0.29 2.90 0.51 3.60 0.86 3.00 0.43
3 2.70 0.34 2.60 0.32 3.00 0.47 2.80 0.42 3.20 0.60 3.80 0.88 2.30 0.21
4 3.20 0.51 2.80 0.38 2.60 0.24 2.50 0.30 2.10 0.17 3.50 0.75 2.20 0.20
5 3.30 0.56 2.70 0.35 2.00 0.14 1.90 0.12 2.10 0.18 2.80 0.22 1.90 0.13
6 3.60 0.89 2.50 0.31 2.40 0.25 3.10 0.54 1.90 0.11 3.20 0.53 2.30 0.22
7 2.20 0.20 3.30 0.75 210 0.16 210 0.15 2.30 0.21 4.00 1.07 2.00 0.14
8 210 0.17 2.80 0.43 2.50 0.27 1.90 0.11 2.70 0.30 3.70 0.80 2.30 0.21
9 2.60 0.31 1.80 0.12 2.40 0.27 1.90 0.20 2.50 0.29 3.70 0.91 3.00 0.55
10 3.00 0.48 2.50 0.26 3.30 0.50 2.60 0.36 2.20 0.19 3.40 0.69 1.90 0.12
11 2.80 0.33 3.50 0.65 1.80 0.10 210 0.17 2.30 0.21 3.30 0.64 2.30 0.21
12 2.00 0.14 2.70 0.39 3.20 0.62 2.10 0.17 3.40 0.64 3.60 0.76 3.20 0.58
13 3.20 0.56 3.20 0.70 2.40 0.24 2.60 0.33 2.90 0.46 2.80 0.40 2.00 0.16
14 3.00 0.42 2.90 0.42 2.70 0.37 1.90 0.14 2.00 0.17 2.90 0.49 2.50 0.23
15 3.30 0.62 2.80 0.35 3.00 0.47 2.60 0.25 3.30 0.60 3.90 0.94 2.10 0.18
16 2.40 0.27 3.60 0.85 2.80 0.35 3.30 0.53 2.70 0.34 3.90 0.93 2.20 0.19
17 3.50 0.75 2.90 0.39 3.00 0.43 3.60 0.71 2.60 0.35 3.90 0.90 2.10 0.15
18 2.90 0.41 2.20 0.19 2.90 0.50 3.20 0.50 2.40 0.28 3.70 0.83 2.00 0.15
19 3.80 0.92 2.50 0.27 3.40 0.55 3.30 0.60 2.40 0.26 3.10 0.53 1.90 0.13
20 3.40 0.42 210 0.18 3.10 0.46 2.10 0.21 2.20 0.20 3.90 0.93 2.00 0.15
21 2.90 0.37 2.90 0.47 2.70 0.32 210 0.15 2.20 0.19 3.60 0.74 2.10 0.17
22 3.70 0.94 3.40 0.73 2.90 0.45 2.40 0.28 2.40 0.27 4.00 1.10 2.90 0.43
23 3.20 0.53 3.00 0.48 3.20 0.51 2.40 0.24 2.30 0.24 3.60 0.90 2.30 0.22
24 3.20 0.58 2.60 0.33 3.40 0.65 210 0.21 2.00 0.14 3.50 0.65 2.70 0.37
25 3.20 0.50 2.00 0.16 2.60 0.29 2.70 0.39 2.40 0.26 2.20 0.17 2.30 0.22
26 3.10 0.48 2.50 0.30 2.50 0.27 2.40 0.23 3.00 0.49 3.90 0.95 2.60 0.31
27 2.80 0.37 1.90 0.11 2.30 0.19 2.90 0.39 2.60 0.37 3.80 0.98 2.90 0.41
28 3.20 0.52 2.00 0.14 2.70 0.32 2.10 0.17 2.20 0.21 2.70 0.34 2.60 0.31
29 2.00 0.17 2.20 0.19 3.30 0.63 1.50 0.05 2.20 0.18 3.50 0.77 2.10 0.16
30 2.70 0.39 3.30 0.65 3.30 0.60 1.60 0.08 2.40 0.26 3.40 0.60 3.20 0.57
Rk 88.70 13.92 80.70 | 11.63 | 83.90 | 11.74 72.50 8.40 74.00 8.88 104.00 | 21.76 | 70.90 7.66
Wi 2.96 0.46 2.69 0.39 2.80 0.39 2.42 0.28 247 0.30 3.47 0.73 2.36 0.26




AN 8. AL (TA.) LaZIRLN (NIW) maagnﬂmm%@umuﬂﬁmqmu 45 7% INNILRLIGE

1. Tigriopus sirindhornae, 2. T. thailandensis, 3. T. japonicus, 4. Paramphiascella choi,

60

5. Nitocra karanovici, 6. Harpacticoid copepods 5 ThATINNW WaE 7. Brachionus + Artemia nauplii

W 3 QUAWUS T9 19 Juaw 2556 (1 ATal)

Harpacticoid Brachionus +
Tigriopus Tigriopus Tigriopus Paramphiascella | Nitokra copepods Artemia
Ay sirindhornae thailandensis Jjaponicus choi karanovici 570 TINAK nauplii
Lt Wt Lt Wt Lt Wt Lt Wt Lt Wt Lt Wt Lt Wt
(#) (m) | (gm) | (em) | (gm) | (cm) | (gm) (cm) (gm) | (em) | (gm) | (cm) | (gm) | (cm) | (gm)
1 3.70 0.79 3.10 0.53 2.90 0.39 1.60 0.11 2.80 0.40 2.60 0.38 210 0.19
2 3.20 0.60 2.70 0.35 2.40 0.29 2.80 0.51 3.00 0.47 2.70 0.41 3.10 0.53
3 2.90 0.40 2.90 0.40 3.20 0.55 2.70 0.40 2.80 0.47 3.20 0.60 2.80 0.39
4 3.00 0.46 3.20 0.58 2.50 0.34 2.30 0.31 2.30 0.26 2.60 0.36 2.30 0.28
5 3.00 0.58 2.90 0.44 2.60 0.36 2.70 0.40 3.10 0.54 2.00 0.19 2.40 0.27
6 3.30 0.71 2.70 0.37 1.90 0.14 3.00 0.46 3.40 0.73 3.20 0.66 2.50 0.30
7 2.90 0.38 2.80 0.40 2.40 0.29 2.60 0.37 3.10 0.49 3.30 0.61 3.00 0.51
8 2.60 0.31 2.90 0.49 3.00 0.63 2.40 0.34 2.80 0.46 3.10 0.51 2.40 0.29
9 2.30 0.25 2.50 0.30 2.80 0.45 2.90 0.46 2.50 0.33 3.00 0.50 2.90 0.43
10 3.10 0.56 2.20 0.21 2.30 0.26 2.00 0.20 2.20 0.28 2.50 0.41 2.80 0.49
1 2.70 0.39 2.90 0.40 2.90 0.44 2.30 0.25 2.80 0.42 2.90 0.47 2.60 0.31
12 2.80 0.39 2.60 0.32 2.60 0.39 2.00 0.18 2.70 0.39 3.10 0.54 2.40 0.28
13 3.00 0.50 2.30 0.24 2.60 0.32 2.80 0.45 2.10 0.24 2.40 0.30 2.60 0.36
14 2.80 0.51 3.30 0.63 3.00 0.52 2.40 0.29 2.50 0.34 3.20 0.61 1.80 0.10
15 2.10 0.16 2.60 0.36 2.20 0.25 2.50 0.27 2.30 0.27 2.40 0.31 2.20 0.31
16 240 0.32 2,70 0.41 210 0.21 1.70 0.11 3.20 0.59 2.30 0.34 1.80 0.17
3N 45.80 7.31 44.30 6.43 41.40 5.83 38.70 5.11 43.60 6.68 44.50 7.20 39.70 5.21
Wi 2.86 0.46 2.77 0.40 2.59 0.36 2.42 0.32 2.73 0.42 2.78 0.45 2.48 0.33




17197 9. One-way ANOVA midnanauandiszniniamnidiianlfayuna

anuanTauduana (Amphiprion ocellaris larvae) luasay I uaz Il

61

Asoll 1

Source Sum of sqrs df Mean square F p value
Between groups: 223.418 2 111.709 81.53 0.001
Within groups: 131 96 1.37022
Total: 354.959 98
Asol 11

Source Sum of sqgrs df Mean square F p value
Between groups: 336.18 2 168.09 122.1 0.001
Within groups: 198.204 144 1.37642
Total: 534.384 146
a13197 10, One-way ANOVA m@hm’mLLcﬂﬂ@m‘szM'mmmsﬁ%ﬁmﬁﬁa%ma

andaniauuziliaine (Amphiprion frenatus larvae) luasad I, Il uaz Il

A0l 1

Source Sum of sqgrs df Mean square F p value
Between groups: 19.4361 2 9.71806 76.85 0.001
Within groups: 3.41441 27 0.12646
Total: 22.8505 29
Asol 11

Source Sum of sqgrs df Mean square F p value
Between groups: 104.091 2 52.0454 70.58 0.001
Within groups: 53.0921 72 0.73739
Total: 157.183 74
ELMBI

Source Sum of sqgrs df Mean square F p value
Between groups: 50.9059 2 25.4529 56.23 0.001
Within groups: 23.0864 51 0.452674
Total: 73.9923 53




17197 11. One-way ANOVA misnanauandiszniniemnidiianlfayuna

gﬂﬂmm%@umﬂﬂﬁao (Amphiprion clarkii larvae) luasay | uag Ii

62

Aol 1

Source Sum of sqrs df Mean square F p value
Between groups: 48.7428 2 243714 43.03 0.001
Within groups: 25.4874 45 0.566387
Total: 74.2302 47
Asol I

Source Sum of sqgrs df Mean square F p value
Between groups: 43.03 2 700.581 476.9 0.001
Within groups: 921.004 627 1.46891
Total: 232217 629
a397 12, One-way ANOVA m@hm’mLLcﬂﬂ@m‘szM'mmmsﬁ%ﬁmﬁﬁa%ma

gﬂﬂmm%@umuﬁ’] (Amphiprion polymnus larvae) a1%% 1 avall

Source Sum of sqrs df Mean square F p value
Between groups: 745.639 2 372.82 265.3 0.001
Within groups: 467.911 333 1.40514
Total: 467.911 335
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3.5 AAINII ﬂﬂﬁ?iﬂlﬂdﬂﬂgLLWﬂﬁﬂaUiﬂﬁ‘wa(ﬂ

3.5.1 N3 kU (Fatty acids)

1). nsa ludunwulu Tigriopus sirindhornae laun

C15:0 = Pentadecanoic acid
C16:0 = Palmic acid
C18:1 (n-9) = Oleic acid (Omega - 9)

2). nya lvsiuwiiwulw Tigriopus thailandensis o

C14:0 = Myristic acid

C15:0 = Pentadecanoic acid
C16:0 = Palmic acid

C18:0 = Stearic acid

C18:1 (n-9) = Oleic acid (Omega - 9)

3). nya budunwuluy Tigriopus japonicus laun

C16:0 = Palmic acid

C16:1 = Palmitoleic acid

C18:1 (n-9) = Oleic acid (Omega - 9)

C18:2 (n-6) = Linoelaidic acid (Omega — 6)
C18:3 (n-3) = Aipha-Linolenic acid (Omega - 3)
C19:0 = Cyclopentanetridecanoic acid

3.5.2 n3aazilu (Amino acids)

AMING ACIDS mg/100mg

Aspartic acid 4.30
Serine 1.95

.| Glutamic acid 8.58
Glycine 195
Histidine b.74
Arginine 3.03
Threcnine 1.88
Alanins 280
Proline 2.79
Tyrasing 1.42
Valine 1.89
Lysine 3.06
Isoleudine 149 1. Tigriopus sirindhornae
Leucine 2.87
Phenylalanine ) 1.46




AMINO ACIDS mg/100mg

Aspartic acid 4.87
Serine 2.30

.{ Glutamic acid 7.31
Glycing 2.27
Histidine 0.89
Arginine 3.27
Threonine 2.20
Alfanins 3.08
Preline 4.61
Tyrosine 1.68
Valine 2.29
Lysine 3.52
Iscleucine 1.73
Leucine 3.1
Phanylalanine 1.76

AMINO ACIDS mg/160mg

Aspartic acid 5.20
Sering 2.50
Glutamic acld 7.52
Glycine 243
Histidine 0.67
Arginine 1.21
Threonine 2.33
Alanine 3,36
Proline 276
Tyrosine 2.11
Vaiine ‘954
Lysine 3.81
Isoleucine 1.84
Leucina 3.28
Phenylalanine 1.80
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2. Tigriopus thailandensis

3. Tigriopus japonicus



AMINO ACIDS mgf100my
Aspartic acid 3.55
Serine 1.94
|| Glutamic acid 477
Glycine 2.27
Histidine 0.73
Arginine 2.81
Threoning 189
Alaning 273
Proline 297
Tyrosine 1.48
Valine 2.14
Lysine 2.1
Isoleucine 1.4
Leucine 2.35
Phenylalanine 142
AMIND ACIDS mgf100mg
Aspartic acid 3.25
Serine 1.50
.1 Glutamic acid 428
Glycine 1.94
Histidine: 0.59
Argining 247
Threonine 1.41
Alanine 1.95
Proling 1.67
Tyrosine 0.93
Valine 149
Lysine 21z
lsoleucine 1.08
Leucine 191
FPhenylalanine 1.14

4. Paramphiascella choi

5. Nitocra karanovici
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Review of naupliar development among Miraciidae
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Abstract Both genders of Paramphiascella choi sp.
nov. were collected from the green alga Enteromor-
pha clathrata in Rayong province, Thailand. P. choi
shares with other species of the genus: cylindrical
body shape, rostrum not bifid, eight-segmented
antennules, three-segmented exopodal antenna, and
female P5 exopod with five setae. The new species
distinguished from other conspecific species by:
three-segmented exopodal antenna, inner edge of
basis of male P1 and P2 bear a bare ovate-knob each.
Enp-1 very elongate, Enp-2 of male P2 transformed
into a large, strong, slightly curved and tapering
attenuation with two central chitinous ridges, and
bearing one medially directed knob close to enp-1. At
the base of this knob arise three plumose setae of
unequal length. These characters are suggested to be
autapomorphies of the new species. Six naupliar
stages are obtained and described a key for the
identification of stages is provided. Nauplius I has
one pair of caudal setae; three-segmented antennules;
antenna consists of a coxa, basis, endopod and
exopod; mandible has a coxa, basis, endopod and

Guest editors: L. Sanoamuang & J. S. Hwang / Copepoda:
Biology and Ecology

S. Chullasorn (D<) - W. Anansatitporn -

P. Kangtia - P. Klangsin - R. Jullawateelert
Department of Biology, Faculty of Science,
Ramkhamhaeng University, Bangkok 10240, Thailand
e-mail: csupawadee @yahoo.com

exopod; hindbody bears two caudal setae. Nauplius II
develops one aesthetasc on the antennule; antenna
has added an arthrite arising from the coxa; mandible
has a row of tiny spinulose setae. Nauplius III has
added two pairs of caudal setae. Nauplius IV bears
bilobed bud of the maxillule armed with two setae
and four pairs of caudal setae. Nauplius V bears a
multilobed bud of the maxillule with three setae and
five pairs of caudal setae. At Nauplius VI, the buds of
swimming legs 1 and 2 are added.

Keywords Species description -
Naupliar characters - Ontogeny - Morphology -
Miraciidae - Thailand

Abbreviations

ae Aesthetasc

exp Exopod

enp Endopod

exp-1  First segment of exopod
enp-1  First segment of endopod
P1-P6 Swimming legs 1-6

Introduction

A new species of the harpacticoid copepod genus
Paramphiascella Lang, 1944, consisting of 15 valid
species (Boxshall & Halsey, 2004), and belonging to
the family Miraciidae (Dana, 1986) were collected

@ Springer
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from the green alga Enteromorpha clathrata during a
fieldwork study on diversity of harpacticoid copepods
associated with marine macroalgae, and reared as live
food for shrimp larvae. Nauplii play important roles
as first feed of economically important fish and
shrimp larvae in aquaculture. Owing to their great
abundance and diversity, they may also play impor-
tant ecological roles (Alekseev, 2002). However,
there are only a few studies that focus on the
ecological role of nauplii as yet.

According to Ferrari & Dahms (2007) the post-
embryonic development of copepods is divided into
two phases, the naupliar and the copepodid phase.
During the naupliar phase of development, there is no
direct external expression of somites, because the
formation of arthrodial membranes between somites
is suppressed (Dahms et al., 2007). However, the
naupliar body usually increases in size from one stage
to the next, and a limb bud may often be added during
a molt. The addition of a limb bud usually indicates
that a somite has been added. Early nauplii have three
well-developed limbs: antennule, antenna, and the
mandible, plus the setose bud of the caudal ramus.
Setose buds of some limbs between the mandible and
caudal ramus are added during the naupliar phase of
development.

This article provides the complete description of
adult and naupliar stages of the marine harpacticoid
copepod Paramphiascella choi sp. nov. belonging to
the family Miraciidae Dana, 1846 associated with a
green alga E. clathrata in Thailand.

Materials and methods
Collection data

Both genders of harpacticoid copepods, P. choi sp.
nov. were collected from the green alga E. clathrata
at the Eastern Marine Fisheries Development Center,
Rayong province, Thailand (12°37'N, 101°20’E) and
cultured in the laboratory. A single ovigerous female
was selected subsequently from the cultures and
transferred to a 250 ml beaker for providing the
offspring studied here. The resulting culture was kept
at room temperature with an approximate light: dark
cycle of 12:12 h. About 50% of the seawater was
renewed every week, being prepared as described by
Dahms et al. (2007). When nauplii emerged, some of
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them were isolated in watch glasses, and the exuviae
of subsequent molts were collected. Isochrysis gal-
bana, Tetraselmis sp., and Chaetoceros sp. were used
as mixed algal food. A few drops of a food
suspension were added every few days. Small
protozoan contaminants or algal growth was not
prevented. No substratum was added since P. choi sp.
nov. are epistrate dwellers, whereas harpacticoids
from soft bottoms often require sediment substrates
(Dahms, 2000).

Preparation

Both adults and naupliar stages were fixed in 5%
buffered formaldehyde and embedded in glycerol.
Glycerol clarifies nonexuvial material within a few
days and thus allows information on hidden posterior
structures when observed by phase-contrast micros-
copy. Unfortunately, the natural color of nauplii and
the color and shape of the red nauplius eye were lost
rapidly, and the eye was, therefore, not figured.
Adults and nauplii were mounted whole with glass-
fibers being added to prevent them from being
compressed and to facilitate rolling to allow inspec-
tion from all sides. Body measurements are given
from the frontal portion of the naupliar shield to the
caudalmost protrusion of the hindbody (length), and
the widest lateral tips of the naupliar shield (width);
only specimens drawn were considered for length
measurements. Otherwise, 2-5 specimens per stage
were used for the investigation of stage-specific
variability. Species identification was carried out with
the aid of Lang (1948) if not stated otherwise.

Terminology

The first—sixth naupliar stages are abbreviated as N I
to N VI, respectively. Like other harpacticoids, the
nauplii of P. choi sp. nov. have initially three pairs of
appendages: antennules and antennae and mandibles.
The body is covered by a smooth nauplius shield; the
hindbody protrudes at later stages. The labrum
originates as a lobular flap near the frontal margin
of the body, between the bases of the antennule, and
extends posteriorly across the ventral surface of the
body. The metasomal ventral body wall is a tongue-
like structure arising at the base of the antennal
protopod. The antennule is uniramous. The antenna
notably differs from that of the adult (and
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copepodids) in having a coxal masticatory process
(= gnathobase). The antenna further consists of a
coxa, basis, endopod, and exopod. The mandible is
composed of the same elements except the praecoxa.
The endopod consists of an inner process and usually
a lateral field of setae arising on the outer lateral
margin. The postmandibular appendages (first and
second maxilla, maxilliped, leg 1, and leg 2) develop
successively from N II onward. Large outgrowths are
called setae or spines. Very small, flexible elements
originating from the endocuticle are referred to as
setules. Aesthetascs are presumed to be sensory
elements of the first antenna with sclerotized bases
and are more transparent than normal setae with blunt
or rounded ends. The complement of setae, setules,
spines, and aesthetascs are called elements of a
particular structure and are referred to as the arma-
ture. In addition to setae, setules, and spines, the body
segments or appendages present a variety of orna-
menting cuticular projections. Spinules can be very
fine hair-like cuticular extensions of setae and spines,
the labrum, and ventral body wall, or, small, pointed,
conical processes. Denticles represent minute trian-
gular outgrowths.

Results

Systematics (Figs. 1, 2, 3, 4,5, 6,7, 8,9, 10)
Sub-class Copepoda Milne-Edwards, 1840
Order Harpacticoida Sars, 1903

Family Miraciidae Dana, 1846

Genus Paramphiascella Lang, 1944
Paramphiascella choi sp. nov.

Type locality. The Eastern Marine Fisheries Devel-
opment Center, Rayong province, Thailand (12°37'N,
101°20'E).

Type material. Holotype: adult female dissected on
seven slides (USNM 1136650). Allotype: adult male
dissected on seven slides (USNM 1136651), plus
Paratypes: fifteen females (USNM 1136653) and
fifteen males (USNM 1136654) in each vial, and six
stages of nauplii (USNM 1136655) in one vial are
deposited in the Department of Invertebrate Zoology,
National Museum of Natural History, Smithsonian
Institution, Washington, DC, USA. The type speci-
mens were collected on February 24, 2007 by
S. Chullasorn, W. Anansatitporn and P. Kangtia from

the green alga E. clathrata at the Eastern Marine
Fisheries Development Center, Rayong province,
Thailand (12°37'N, 101°20'E).

Ethymology. The species name refers to Dr. Mei-
Fang Cho (Tainan), acknowledging her contribution
in the advancement of scientific education.

Description
Female

Habitus (Fig. 1A, B). Total body length 770 um
(holotype) was measured from the anterior margin of
rostrum to the posterior margin of caudal rami. Body
slender, cylindrical with an inconspicuous boundary
between prosome and urosome in dorsal view,
without surface ornamentation, except urosomites
with a hyaline frill. Cephalothorax the widest part,
and anal segment the narrowest.

Rostrum (Fig. 3A) not bifid, relatively large,
articulating with cephalothorax, bell-shaped with
one pair of sensory setae in the distal fifth.

Urosome (Fig. 2A, B) five-segmented. Genital-
double somite (second and third urosomites), and
fourth and fifth urosomites furnished with a hyaline
frill dorsally and ventrally. Genital apparatus com-
prising paired genital apertures located ventrally and
copulatory pore located ventromedially. Anterior
margin of small anal operculum covered by a fringe
of fifth abdominal segment. Anal somite covered with
rectangular operculum ornamented with two curved
rows of minute spinules. Caudal rami cylindrical,
about twice broader than long. Each ramus carries
seven setae: seta I spiniform arising close to seta II
tiny, seta III as long as seta I arising from cylindrical
extension at outer distal corner, seta IV and seta V
well developed, seta V (Fig. 2C) the longest, and seta
VI longer than seta VII.

Antennule (Fig. 3B) relatively long, distinctly
eight-segmented, the first four segments much larger
than the distal four segments. Two aesthetascs, the
larger one arising at the anterior margin of the fourth
segment. and the smaller one on the last segment.
Each segment carries from one to many smooth setae.
Armature formula as follows: 1-(1), 2-(8), 3-(6), 4-
(2 + acrothek), 5-(1), 6-(1), 7-(3), 8-(5 + acrothek).
Apical acrothek consisting of an aesthetasc and one
seta.

@ Springer



24 Hydrobiologia (2011) 666:21-43

i

i

Fig. 1 Paramphiascella choi. Female. Habitus in dorsal view (A) and in left lateral view (B)
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Fig. 2 Paramphiascella choi. Female. Urosome in dorsal view (A) and in left ventral view (B). Caudal seta V from the left ramus at
full length (C)
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.8-C, 63 um

Fig. 3 Paramphiascella choi. Female. Rostrum (R) (A). Antennule (Al) (B). Antenna (A2) (C). Mandible (Md) (D). Maxillule
(Mx1) (E). Maxilla (Mx2) (F). Maxilliped (Mxp) (G)
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Fig. 4 Paramphiascella choi. Female. Swimming leg 1 (P1) (A). Swimming leg 2 (P2) (B). Swimming leg 5 (P5) (C)
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Fig. 5 Paramphiascella choi. Female. Swimming leg 3 (P3) (A). Swimming leg 4 (P4) (B)
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Fig. 6 Paramphiascella choi. Male. Habitus in dorsal view (A) and in left lateral view (B)

Antenna (Fig. 3C). Coxa bare. Basis ornamented
with some spinules on surface, bearing exopod, and
armed with one pinnate seta. Exopod three-
segmented; exp-1 armed with one pinnate seta; exp-
2 bare; exp-3 ornamented with few spinules. and

armed with three pinnate setae. Endopod one-seg-
mented; armed with five geniculate elements, three
spiniform, and two slender pinnate setae, and orna-
mented with rows of small spinules along inner
margin and on subdistal rim.
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Fig. 7 Paramphiascella choi. Male. Urosome in dorsal view (A) and in left ventral view (B). Caudal seta V from the left ramus at
full length (C)
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Fig. 8 Paramphiascella choi. Male. Rostrum (R) (A). Antennule (A1) (B). Antenna (A2) (C). Mandible (Md) (D). Maxillule (Mx1)
(E). Maxilla (Mx2) (F). Maxilliped (Mxp) (G)
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Fig. 9 Paramphiascella choi. Male. Swimming leg 1 (P1) (A). Swimming leg 2 (P2) (B). Swimming leg 5 (P5) (C)
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Fig. 10 Paramphiascella choi. Male. Swimming leg 3 (P3) (A). Swimming leg 4 (P4) (B)

Mandible (Fig. 3D). Coxal gnathobase well devel-
oped with bicuspidate teeth, one small tube on anterior
surface, and ornamented with one inner pinnate seta
at distal corner. Basis furnished with row of small
spinules, and three pinnate setae at distal margin.

Exopod two-segmented; exp-1 with one smooth seta;
exp-2 with three pinnate setae. Endopod one-
segmented, with two pinnate, and four smooth setae.

Maxillule (Fig. 3E). Praecoxa bare. Coxa orna-
mented with rows of small spinules, arthrite well
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developed bearing two slender setae on anterior
surface, and eight spines at distal margin. Distal edge
of basis with seven setae. Exopod one-segmented
with two setae. Endopod one-segmented with three
setae.

Maxilla (Fig. 3F). Syncoxa large with three en-
dites, ornamented with rows of spinules on anterior
surface. Proximal endite with two, median endite
with two, and distal endite with three pinnate spines.
Basis with one pinnate seta and armed claw. Endopod
two-segmented; enp-1 armed with one smooth seta;
enp-2 with three smooth setae.

Maxilliped (Fig. 3G). Syncoxa with one median
and two pinnate distal setae, anterior surface fur-
nished with several rows of spinules. Basis with one
median and one subdistal slender setae, anterior
surface ornamented with rows of smaller, and larger
spinules along inner margin. Endopod with one big
smooth terminal claw and two slender setae.

P1 (Fig. 4A). Coxa ornamented with several rows
of spinules on anterior surface. Basis armed with one
outer pinnate spine, and furnished with few spinules
at base of a straight inner pinnate spine. Exopod
three-segmented; exp-1 and exp-2 armed with one
outer pinnate spine each; exp-3 armed with two
median smooth spines, and two inner geniculate
setaec. Endopod three-segmented; enp-1 very elon-
gate, longer than the entire length of exopod, armed
with one inner pinnate spine; enp-2 and enp-3 very
short subequal length; enp-2 bears one inner plumose
seta; enp-3 armed with one outer smooth spine (claw-
like), two median setae: one geniculate and one
plumose.

P2 (Fig. 4B). Coxa ornamented with several rows
of spinules on anterior surface. Basis armed with one
outer pinnate spine. Exopod three-segmented; exp-1
armed with one outer pinnate spine; exp-2 with one
outer pinnate spine and one inner plumose seta; exp-3
with three outer spines: two pinnate and one spinu-
lose, two median: one spinulose spine and one
plumose seta. Endopod three-segmented; enp-1 and
enp-2 with one plumose inner seta each; enp-3 armed
with one outer spinulose spine, two median plumose
setae, and one inner pectinate seta.

P3 (Fig. 5A). Praecoxa and coxa ornamented
with several rows of spinules on anterior surface.
Basis with one outer slender seta and some spinules
at inner margin. Exopod three-segmented; exp-1
armed with one outer pinnate spine; exp-2 with one
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pinnate outer spine and one inner plumose seta;
exp-3 with three spines: two pinnate and one
spinulose, two median plumose setae, and one inner
plumose seta. Endopod three-segmented; enp-1 and
enp-2 with one inner plumose seta each; enp-3
armed with one outer pinnate spine, two median
plumose setae, and two inner setae: one pectinate
and one plumose.

P4 (Fig. 5B). Coxa ornamented with several rows
of spinules on anterior surface. Basis with one outer
slender seta. Exopod slightly longer than endopod.
Exopod three-segmented; exp-1 armed with one outer
pinnate spine; exp-2 with one outer pinnate spine and
one inner plumose seta; exp-3 with three outer spines:
two pinnate and one spinulose, two median elements:
one spinulose spine and one plumose seta, and two
inner setae: one pectinate and one plumose. Endopod
three-segmented; enp-1 and enp-2 with one inner
plumose seta each; enp-3 armed with one outer
pinnate spine, one median plumose seta, and two
inner plumose setae.

P5 (Fig. 4C). Baseoendopod with one outer
smooth seta, and bearing six elements: three inner-
most spinulose spines and three plumose setae.
Exopod oval-shaped bears five setae: four smooth
and one plumose.

P6 (Fig. 2B) represented as a rectangular exten-
sion, bearing one tiny inner smooth spine, two
median unequal length setae: one pinnate and one
smooth; and one outer smooth seta.

Armature formula of P1-P4 for P. choi sp. nov. as
follows:

Exopod Endopod
P1 1-0; 1-0; 0, 11, 2 0-I;0-1; 1, 2,0
P2 1-0; I-1; 1IL, 11, O 0-1;0-1; 1,2, 1
P3 1-0; I-1; IIL, 2, 1 0-1;0-1; 1, 2,2
P4 1-0; I-1; IIL, 11, 2 0-1;0-1; L, 1, 2

Male

Sexual dimorphism in antennule, urosomites, P1, P2,
P5, and P6.
Habitus (Fig. 6A, B). Total body length 770 um
(allotype) and resembles the female habitus.
Urosome (Fig. 7A—C) six-segmented. Urosomite-3
to somite-6 ornamented with a hyaline frill dorsally.
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On the ventral side, urosomite-4 and -5 furnished
with one row of small spinules each, and urosomite-5
and -6 ornamented with a hyaline frill.

Antennule (Fig. 8B) distinctly eight-segmented,
the first four segments much larger than the last four
segments. Two aesthetascs, the big one arising at the
anterior margin of the fourth segment and the smaller
one on distal segment. Each segment carries various
numbers of smooth setae, except seg-4 which is
furnished with one fork-tipped setule and one fork-
tipped minute spinule. Armature formula: 1-(1), 2-(12),
3-(5), 4-(12 + acrothek), 5-(1), 6-(1), 7-(3), 8-(6 +
acrothek). Apical acrothek consisting of an aesthetasc
and one seta.

Rostrum (Fig. 8A), Antenna (Fig. 8C), Mandible
(Fig. 8D), Maxillule (Fig. 8E), Maxilla (Fig. 8F), and
Maxilliped (Fig. 8G) as in female.

P1 (Fig. 9A) as in female, except basis with an
ovate knob at inner edge, and enp-1 almost as long as
the entire length of exopod.

P2 (Fig. 9B) praecoxa and coxa ornamented with
several rows of spinules on anterior surface. Basis
armed with one pinnate outer spine. Exopod three-
segmented; exp-1 armed with one outer pinnate
spine; exp-2 armed with one outer pinnate spine and
one inner plumose seta; exp-3 with two outer pinnate
spines, two median spinulose spines, and one inner
plumose seta. Endopod two-segmented; enp-1 bigger
than that of female, with one inner plumose seta; enp-
2 transformed into a large, strong, smooth, slowly
curved and tapering attenuation with two central
ridges, bearing one medially directed knob close to
enp-1. At the base of this knob arise three unequal
length plumose setae.

P3-P4 (Fig. 10A, B) as in female.

P5 (Fig. 9C). Baseoendopod large with one outer
slender seta, bearing two inner complex spinulose
spines. Exopod armed with two outer smooth spines,
one median smooth seta, and two inner elements: one
smooth seta and one complex spinulose spine.

P6 (Fig. 7B) represented on the ventral side of
urosomite-3. Each leg armed with one outer tiny seta,
one median long seta, and one inner spinule.

Description of naupliar stages

Individuals of all six naupliar stages of P. choi sp.
nov. are benthic, and crawl on surfaces. Nauplii are

flat and unpigmented but bear a median red eye
(Figs. 11, 12, 13, 14).

Nauplii broadly oval in outline. Width twice the
length in early stages. The nauplii dorsoventrally
flattened. A red nauplius eye located between the
bases of antennules (but not figured since it looses
color after embedding).

Nauplius I

Length of dorsal shield 45 pm, width 83 pm. N I
completely covered by a dorsal nauplius shield
(Fig. 11). Exoskeleton appears to be thin and fragile.
A suture visible, marking the boundary between
cephalon and hind-body. Labrum bare of ornamen-
tation and wider than long, arising near anterior
margin of body, between bases of first antennae,
extending caudally about half-way back across ven-
tral surface. The body lacks ornamentation ventrally.
One single short seta arising from a small papilla on
each side of anal area.

Antennule three-segmented and rather short,
extending laterally only slightly beyond lateral margin
of the nauplius shield (Fig. 12). Segment-1 shortest
and without armature. Segment-2 bears two anterior
setae arising from a raised area. Segment-3 bears one
seta on outer edge, one inner terminal seta, one
terminal aesthetasc, and one seta, the latter both
sharing a common base. All setae unfurnished.

Antenna bears coxa, basis, one-segmented endopod,
and two-segmented exopod (Fig. 13). The coxa shows
a short prognathobase. The basis forms a protuberance
on inner side with one large spinulose seta. The
endopod carries one stout claw terminally that extends
medially; one outer setule originates at base of claw
and one smaller seta develops midlength at inner
border. Exopodal segment-1 carries one long spinulose
seta and one small seta midlength; segment-2 carries
one stout spine, furnished with heavy spinules and one
long spinulose seta.

Mandible consists of coxa, basis, one-segmented
endopod, and one-segmented exopod (Fig. 14). Coxa
with one short seta medially on inner edge. Basis with
two short medial spines on inner edge and one row of
spinules extending around outer edge of distal half.
Endopod carries two claw-like spines extending
medially and one row of anterior spinules at base.
Outer lateral endopodal lobe with three stout setae.

@ Springer



36 Hydrobiologia (2011) 666:21-43

Fig. 11 Paramphiascella choi. Naupliar stages I to VI in ventral view
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Fig. 12 Paramphiascella choi. Development of the naupliar right first antenna of naupliar stages I to VI in anterior view
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Fig. 13 Paramphiascella choi. Development of the naupliar left second antenna of naupliar stages I to VI in anterior view

Exopod carries one long spinulose seta, one smaller
seta terminally and one more stout, anterior, subter-
minal seta.

Nauplius II
N II differs from N I as follows: length of dorsal
shield 57 um, width 96 pm (Fig. 11); Exoskeleton

more heavily chitinized than at N I. Labrum furnished
with a double row of several hairy spinules along its
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free edge; In addition to a single seta at the hind-body
an outer group of 5-8 long, hairy spinules is present.

Antennule with a third seta on segment-2 (Fig. 12).
One additional fourth seta appears on inner terminal
corner of antennular segment-3.

Antenna develops a functional gnathobasal endite
on coxa that reaches underneath the labrum (Fig. 13).
It bears one seta at base, one stout projection on outer
edge that furnished with long spinules and several
spinules at its tip. The basal spine bears an anterior
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Md

Fig. 14 Paramphiascella choi. Development of the naupliar left mandible of naupliar stages I to VI in anterior view

crest of spinules. A second spine and two additional
setae develop.

Mandibular basis with two rows of spinules: one
row proximal to the base of the exopod and another

row running from above endopodal base to proximal
of the medial spines (Fig. 14); Endopod bears one
setule between two terminal claws; Outer lobe bears
five setae.
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Nauplius III

N HI differs from N II as follows: length of dorsal
shield 63 pm, width 115 pm. Hind-body elongate
with three additional setac (= 4 in total) on either
side; Antennule with one additional proximal seta on
terminal segment (Fig. 12).

Antenna gnathobase with one stout, spinulose
spine arising at its most caudally extending part,
reaching medially along gnathobase almost to its
tip (Fig. 13). Endopod bears two additional setae
midlength. Exopod bears one fine setule row at
base of exopod and two fine setae at tip of exopod
segment-2.

Nauplius IV

N IV differs from N III as follows: body length
76 um, body width 135 pm (Fig. 11); Antennule
bears a second seta midlength on terminal segment
(Fig. 12); First maxilla appears as a bilobed bud,
proximal lobe with three setae (Fig. 11).

Nauplius V

N V differs from N IV as follows: dorsal shield
97 ym in length and 148 pm in width (Fig. 11);
Antenna with two additional small setae at inner
endopodal edge (Fig. 13); Outer spinules of exopod
arranged in three spinule rows; First maxilla bears a
second seta on distal lobe; all four setae of this
appendage spinulose (Fig. 11).

Nauplius VI

N VI differs from N V as follows: length of dorsal
shield 98 pm, width 165 pum; Posterior edge of
hind-body with prominent indentations (Fig. 11);
Chitinous lobe caudal to first maxilla represents
either second maxilla or maxilliped; Two new lateral
sutures visible on either side of hind-body repre-
sent buds of leg 1 and leg 2; Antennule, antenna,
mandible, and first maxilla unchanged (Figs. 12,
13, 14).
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Key to naupliar stages of species belonging to Paramphiascella
choi sp. nov

1. Almost circular in shape; first maxilla not indicated N I

More than two setae on Segment-2 of antennule 2

2. One caudal seta on each side NI
More than one caudal seta on each side 3

3. Three caudal setae N III
More than three caudal setae 4

4. Four caudal setae on each side, first maxilla NIV

present as lobe with four setae
Five caudal setae on each side NV
5. Leg 1 indicated as abdominal fold NV
Leg 1 and leg 2 indicated as two abdominal folds N VI

Discussion

Since the important study of Dussart (1984) on the
description of a male Paramphiascella aquaedulcis
Dussart 1984 from Venezuela’s freshwater, there was
no new species to be added to be published in this
genus. It might be because the differences between
species of Paramphiascella are very small. However,
the armature of abdominal somites are important
characters for species identification Lang (1948).
Later Vervoort (1962) pointed out that the typical
structure of male P2, especially for enp-2 provide a
taxonomic distinction. Marcotte (1974) mentioned
that the rami of female P5 of all members of the
genus Paramphiascella are separate and bear five
setae each (except P. fourei Bodin 1968, the
description of which may have been based on an
immature specimen).

Lang (1965) reported that P. xiphophora Lang
1965 was closely related to P. brucei (T. Scott &
A. Scott 1901) which is furnished with a stout and
moderately long, lancet-shaped, terminal attenuation,
in addition to a few hairs. Later Por (1973) concluded
that P. sirbonica Pore, 1973 seems most similar to
P. langi (Monard 1936), except the principal terminal
setae on the caudal ramus of P. langi that are highly
modified. Then, Rosenfield & Coull (1974) presented
that P. fulvofasciata Rosenfield & Coull 1974 is
almost identical to P. pacifica, except in the male P2
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enp. Marcotte (1974) concluded that P. coulli Mar-
cotte 1974 is most closely related to P. xiphophora
and P. fulvofasciata.

Both genders of the new species P. choi were
collected from the green alga E. clathrata in Rayong
province, Thailand. It shares some characters with
other conspecifics: (a) rostrum not bifid, Al 8-
segmented with aesthetascs on fourth and eighth
segments; (b) A2 exp three-segmented; (¢) P1 enp-1
as long as the entire length of exopod; (d) caudal rami
twice as long as wide, and seta V not modified;
(e) urosomites furnished with hyaline frills; and (f) PS5
rami separate. However, P. choi sp. nov. shows some
unique morphology differing from other Paramphi-
ascella species as follows: (a) female mandible with
coxal gnathobase bearing one small hollow tube in
both genders; (b) specific structure on the genital field
in female; (c) male P1 basis bears one inner ovate-
knob; (d) male P2 basis bears one inner ovate-knob,
enp-2 transformed into a large, strong, smooth,
slightly curved and tapering attenuation with two
central ridges, bearing one medially directed knob
close to enp-1. At the base of this knob arise three
unequal length plumose setae. P. choi sp. nov. is most
similar to P. fulvofasciata in general body shape,
rostrum not bifid, A2 exp three-segmented; and
structural details of male P1 and male P2; but shows
difference in female P5 baseoendopod with six
elements instead of five setae, and structure of
male P6.

Intergeneric comparison within the Miraciidae

The postembryonic development of the genus
Paramphiascella is less studied, although an excel-
lent study is known from Rosenfield (unpubl.) and
Rosenfield & Coull (1974) on Paramphiascella
fulvofasciata collected from the Atlantic coast of
Massachusetts. Later the development of the same
species was studied and compared by Dahms (1986,
1987) with that of a population from the North
Sea. In his thesis, Rosenfield also provided some
drawings of the nauplius of Amphiascus minutus and
stated that together with the nauplii of the following
species, it generally resembles those of P. fulvofasci-
ata both in shape and presumably (for it is not
mentioned throughout) also in sideway locomotion:
Robertgurneya erythraeus, Robertsonia propinqua,
Amphiascoides debilis, and Schizopera knabeni.

However, Rosenfield has not mentioned nor described
miraciids (Boxshall & Halsey, 2004) with elongated
nauplii. Such a nauplius has earlier only been
described by Claus (1863) who studied a single
nauplius of Amonardia normani (syn. Dactylopus
Stromii).

All naupliar stages of Paramphiascella spp. are
foreshortened, and in contrast to most other crusta-
cean and copepod nauplii move sideways on the
substrate and are not able to swim. Larval forms of
similar foreshortened shape, crab-like locomotion
and the unability to swim are common for A. debilis,
A. minutus, A. parvus, A. propinquus, Amphiascella
nana, Paramphiascella vararensis, Schizopera clan-
destina, and Paramphiascopsis longirostris.

The nauplius of yet another genus is strictly
benthic, foreshortened in shape, and moving side-
ways as well. These are the nauplii of Stenhelia (D.)
palustris. According to Dahms et al. (2005) these
larvae do possess lateral protuberances of the nau-
plius shield (Table 1). The ventral body wall is
represented by a medial spinule field beneath the
caudal edge of the labrum. The antennal masticatory
process is widened distally and is provided with a
proximal seta, a stout inner projection split into two
tapering halfs bearing two setules which extend far up
under the labrum toward the mouth opening. The
endopod is disproportionately reduced in size bearing
two setae midlength, one short terminal claw-like
seta, and one taller seta at outer base are of similar
length. The mighty exopod is three-segmented.
Mandible with remarkably large, flattened scapula-
like basis and heavily chitinized and strong exopod.
Coxa bears one tall seta. Basis bears two longer and
one shorter setae. Endopod arises from inner prox-
imal portion of basis and bears on terminal process
two spines: spinulose on inner margin, and one small
anterior seta at their base. On outer lateral field, there
is one strong inner seta and two small outer setae.
Exopod rectangular, emarginates to a spiniform
process at the outer distal corner which is covered
with strong spinules at the outer anterior margin.
Terminally it bears two articulating elements of
peculiar morphology: a geniculate seta, spinulose
distally with bulb-like base, and an outwardly curved
and subchelately articulating spine.

Most publications on diosaccid development con-
sider the nauplii of Stenhelia (D.) palustris. The first
author to describe exuviae of this species as
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Table 1 Intergeneric comparison among the Miraciidae (nauplii of Paramphiascella choi sp. nov. with those of Stenhelia and

Pseudostenhelia—cf. Dahms et al., 2005)

Character Paramphiascella choi sp. nov.

Pseudostenhelia spp.

Stenhelia spp.

Body No protuberances The lateral edge of the nauplius shield  As in Pseudostenhelia
bears protuberances

Al Terminal seta eight times as long as Terminal seta three times as long as Terminal seta as long as third
terminal third segment terminal third segment segment

A2 enp middle four setae all of unequal size enp middle two of four setae much longer enp middle four setae of similar

size

Md Not of unique shape Unique in shape and orientation As in Pseudostenhelia

Cur Inner two caudal setae longer than outer Caudal setae of similar size Inner caudal seta half the size of
two setae outer caudal seta

“Nauplius pagurus” was Apstein (1908). Purasjoki
(1945) described the nauplius of the same species
although he supposed it to be a harpacticoid larva.
Delamare-Debouteville (1960) was the first to show
that this larva belongs to St. (D.) palustris. Bresciani
(1961) provided a description of about two stages of
this species including the observation of its helicoidal
but sideway locomotion. Lorenzen (1969) has shown
that all the developmental stages are able to build
mucoid tubes in the mud and live in them.

For an intergeneric study, Dahms (1990) compared
the N VI of foreshortened nauplii of P. fulvofasciata
and Amphiascus propinquus with elongate nauplii of
Amphiascopsis sp. and A. normani and with N II of
Stenhelia (D.) palustris. In the following, characters
of N II of St. (D.) palustris are only used when they
are stage independent as deduced by comparison with
other harpacticoid nauplii.

Most striking differences exist between foreshort-
ened and elongate nauplii: endopodal claw of the
second antenna bears three small setae at base at N VI
of P. fulvofasciata and A. propinquus, whereas there
are only two in Amphiascopsis sp. and A. normani.
Foreshortened nauplii have one-segmented mandibu-
lar exopods in the foreshortened nauplii in contrast to
two-segmented ones in the elongate group of nauplii,
and the Anlagen of legs 1 and 2 at N VI as lateral
sutures in Paramphiascella spp. and more deeply cleft
folds in A. propinquus, but armed with one terminal
spine only. In the elongate nauplii, those are bilobed
lateral flaps armed with 3—4 spinulose setae.

Particular characters similar to species with elon-
gate nauplii according to Dahms (1990) are as
follows: an outer transverse crest of strong spinules
on segment-1 of the antennal exopod, a blunt-shaped
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outer spine on the terminal process of the mandibular
endopod furnished with a fan of strong spinules. As
this combination of structures has not been observed
in other harpacticoids, it may indicate a close
relationship of Amphiascopsis and Amonardia.

On the other hand, P. fulvofasciata and A.
propinquus share the following characters (Dahms,
1990): an almost identical masticatory process, a
spinulose seta of the mandibular coxa, and reduced
Anlagen of legs 1 and 2.

Dahms (1990) concluded that Stenhelia (D.) repre-
sents a most deviating third group of larvae within the
Miraciidae. Their nauplii have naupliar shields bearing
two protuberances on either side, masticatory pro-
cesses are peculiarly fan-shaped distally, antennal
exopods are strongly developed, three-segmented, and
upwardly curved; whole mandible is of peculiar shape
(basis, endopod, and exopod), mandibular basis bears
two setae at N II at least as in most other harpacticoids,
outer lateral field of mandible bears one remarkably
strong spinulose spine, and three distal exopodal setae
of mandibular exopod are of peculiar structure.
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Abstract Both genders of Tigriopus thailandensis sp.
nov. are described from a laboratory stock raised from
individuals collected from the seaweed FEnteromorpha
clathrata in Thailand (Bangsaen Beach, Chonburi Prov-
ince). Tigriopus thailandensis sp. nov. shares with its
closest relative T. japonicus Mori, 1932 two setae on the
third exopodal segment of leg 4 while other congeners bear
3 inner setae. However, allobasis and exopod of antenna in
both genders are much more slender and elongate than in
T. japonicus. All six naupliar stages of 7. thailandensis are
described from the offspring of isolated females. In com-
parison with nauplii of T. japonicus, T. thailandensis
nauplii are characterized by the following: a smaller body
size throughout the naupliar phase; first antennular segment
without seta, second antennular segment with only one
small seta plus two longer setae; third antennular segment
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with additional spinules from naupliar stage II onwards;
antenna bears three small spinules on the terminal exopodal
segment; one additional seta on the anterior surface of the
antennary basis, tubular endopod of antenna with one tiny
seta midlength at naupliar stage III that increases in size;
mandibular basis with several spinules on anterior surface;
mandibular coxa with one spinulose seta that is smooth in
T. japonicus.

Keywords Zoosystematics - Species description -
External morphology - Naupliar development -
Larval stages - Evolution - Harpacticidae - Thailand

Abbreviations

Enp (Exp) I First segment of endopod (exopod)

1-4 + Ae Example of antennular/antennary
armature corresponding to 1 seta on first
and 4 setae plus 1 aesthetasc on second
segment

N Iand N VI Naupliar stages I and VI, respectively

Introduction

The worldwide distributed genus Tigriopus Norman, 1869,
consists of 11 valid species (Wells 2007) that are charac-
terized by their high resistance to changes in temperature,
salinity, and oxygen and inhabit supralittoral rockpools (see
McAllen and Block 1997; McAllen et al. 1998; McAllen
1998, 1999). Copepods of the genus Tigriopus became a
focal point of several in-depth studies, e.g., its ecotoxico-
logy reviewed by Raisuddin et al. (2007), its field ecology
(Dethier 1980), life history (Koga 1970), external and
internal anatomy (It6 1973; Dahms et al. 2007), chemical
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Fig. 1 Tigriopus thailandensis sp. nov. Female. a, habitus, dorsal
view; b, habitus, lateral view

ecology (Kelly and Snell 1998), and genetics of adaptation
(Davenport et al. 1997; Burton et al. 1999). Other areas of
research are represented by genomics in general (Machida
et al. 2002; Kim et al. 2003; Lee 2003; Lee et al. 2005; Jung
et al. 2006), medicine-related genetics (Kim et al. 2004),
and the genetics of populations (Edmands and Burton 1998;
Edmands 1999). The life cycles of Tigriopus spp. have been
studied by Guiglia (1926), Fraser (1936), and Shaw (1938).
Nauplii of T. fulvus have been described by Igarashi (1963),
and nauplii of 7. japonicus Mori 1932 were described by
Dahms et al. (2007).

Nauplii can play significant ecological roles due to their
abundances and variety (Alekseev 2002). However, life-
history studies in the field and investigations into stage-
specific phenomena in the laboratory are hampered by the
lack of descriptive information as well as keys for identi-
fication (Dahms 1993; Dahms et al. 2006; Ivanenko et al.
2008). Much rearing and descriptive work has to precede
any attempt to tackle ontogeny-related problems. Although
there are some naupliar studies dealing with the postem-
bryonic development of Tigriopus (Igarashi 1963; 1t6 1970;
Dahms 1990, 1993), an update is provided with the present
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Fig. 2 Tigriopus thailandensis sp. nov. Female. a, urosome, dorsal
view; b, urosome, ventral view. ¢, terminal seta of caudal ramus

new species described here. Here, we provide a morpho-
logical description of adults of both genders and the nauplii
of Tigriopus thailandensis sp. nov.

Materials and methods

Adults of T. thailandensis sp. nov. were collected during
low-tide at sandy Bangsaen Beach, Chonburi Province,
Thailand (13°19°’N, 100°54’E). Different developmental
stages of T. thailandensis, including ovigerous females,
were washed out from thalli of the alga Enteromorpha
clathrata. The residue containing ovigerous females was
subsequently decanted over a 50-um mesh screen. Adults
were rinsed into smaller bowls for transport to the labo-
ratory. Cultivation was carried out in glass dishes as
described in detail by Dahms et al. (2007).

Specimens were washed in filtered seawater and fixed in
4% seawater—formaldehyde. The stages were subsequently
embedded in glycerol. Body measurements of nauplii were
taken from the frontal portion of the naupliar shield to the
caudalmost protrusion of the hindbody (length) and the
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Fig. 3 Tigriopus thailandensis sp. nov. Female. a, rostrum, dorsal
view; b, left first antennule; ¢, maxilliped; b and c—anterior view

widest lateral tips of the naupliar shield (width); only speci-
mens drawn were considered for length measurements. Two
to five specimens per stage were used for the investigation of
stage-specific variability. The developmental stages used in
the present study represent the offspring of exclusively sin-
gle-female cultures. Other details and descriptive terminol-
ogy of nauplii follow Dahms et al. (2007).

Type material The type material has been deposited in
the National Museum of Natural History, Smithsonian
Institution, Washington, D.C.: the dissected female holo-
type (USNM 1115488), the dissected male allotype
(USNM 1115489), 1 female paratype (USNM 1115490),
and 1 male paratype (USNM 1115491). The type material
was collected on December 23, 2006, in Chonburi Prov-
ince, Thailand.

Descriptive part

Order Harpacticoida Sars, 1903
Suborder Oligoarthra Lang, 1944

50 pm

Fig. 4 Tigriopus thailandensis sp. nov. Female. a, left antenna; b,
mandible; ¢, first maxilla; d, second maxilla; b—d—posterior view

Family Harpacticidae Dana, 1846
Genus Tigriopus Norman, 1869
Tigriopus thailandensis sp. nov.

Etymology The species name refers to the country where
this new species was found.

Distribution Tigriopus thailandensis sp. nov. was asso-
ciated with a green alga, Enteromorpha clathrata attached
to an old big plastic bag collected during low-tide at Bang
Saen sandy beach in Chonburi Province, Thailand
(13°19’N, 100°54’E).

Adult female and male
Female (Figs. 1, 2, 3, 4, 5, 6)

Total length of holotype female 0.93 mm; paratype, total
length 0.98 mm, measured from tip of rostrum to posterior
margin of caudal ramus. Body (Fig. 1a, b) orange in color,
compact, ornamented with sensillae. Cephalosome as long
as succeeding separate 4 somites of prosome combined,
with well-developed rostrum; cephalothorax and first ped-
igerous somite separate (Fig. l1a, b). Urosome (Fig. 2a, b)
slightly tapering posteriorly. Rostrum (Fig. 3a) as long as
first segment of antennule, rounded at tip, and with a pair of
sensilla at the tip. Labrum prominent, with 4 spiniform
processes and many hairs at the apical edge. Genital double
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Fig. 5 Tigriopus thailandensis sp. nov. Female. a, right leg 1; b, right
leg 2. Posterior view

somite (Fig. 2b) with 2 oblique spinular rows on the outer
and inner corner on ventral surface.

Urosome (Fig. 2a, b) 6-segmented, comprising P5-
bearing somite and 3 abdominal somites ornamented with
short oblique rows of spinules on distal corner dorsally and
ventrally of each somite. Second urosomite furnished with
more sensillae in dorsal view. Genital double-somite with
leg 6, genital field indistinct with 2 small copulatory
apertures ventrally. Third to fifth urosomal somites orna-
mented with 1 row of minute spinules along posterior
margin. Caudal ramus as wide as long, principal terminal
caudal seta longer than length of urosome (Fig. 2c).

Antennule (Fig. 3b) 9-segmented. Second segment
largest. Fourth and terminal segment with 1 large and 1
small aesthetasc, respectively. Length of two proximal
segments as that of five apical segments combined.
Armature  formula: 1-10—-9-4 + Ae.—1-4-2-2—
T+ Ae.

Antenna (Fig. 4a): pre-antennary sclerite and coxa bare.
Endopod 2-segmented: first segment of allobasis with 1
seta on middle of anterior edge and furnished with rows of
minute spinules on the surface; second segment endopod
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Fig. 6 Tigriopus thailandensis sp. nov. Female. a, right leg 3; b, right
leg 4; c, left leg 5. Posterior view

with 4 long setae at base, 4 short and slender setae, and 3
short spines. Exopod 3-segmented: first segment longest
with 2 setae, second segment shorter with 1 seta, third
segment with 1 lateral and 1 terminal seta.

Mandible (Fig. 4b): coxa well developed with 1 arched
spinular row at midlength. Cutting edge with 4 strong and 4
small spines, and 1 spinulose seta; basis with 1 apical seta;
exopod 3-segmented: first segment with 2 setae and few
spinules, second segment with 1 seta, third segment with 2
setac and minute spinules; endopod 1-segmented with 3
setac at middle inner edge, and 7 setae on distal end.

Maxillule (Fig. 4c): arthrite of praccoxa with 2 slender
and 1 plumose setae on surface, 4 bare and 2 pinnate spines
on inner edge. Coxa with 3 setae on inner end; basis
spinulated on outer face; 1 slender spine and 2 setae at
distal end; 2 subdistal setae, 2 of which juxtaposed; exopod
with 3 setae and some spinules near distal end; endopod
small, with 3 terminal setae.

Maxilla (Fig. 4d): syncoxa with 3 endites; proximal
endite bilobular, each lobule with 2 plumose setae on distal
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Fig. 7 Tigriopus thailandensis sp. nov. Male. a, habitus, dorsal view;
b, habitus, lateral view

end, and distal one with a spinular row transversely; each
other endite with 3 plumose setae on distal end; basis
furnished with a strong claw that is pectinate along distal
part of inner edge; 2 strong, remarkably plumose setae and
5 slender bare setae near base of claw.

Maxilliped (Fig. 3c): syncoxa and basis well developed
with outer row of spinules midlength; basis small with a
subdistal row of spinules. Endopod 2-segmented: first
segment well developed with slightly undulating inner
margin, 2 perpendicular spinule rows on outer edge and 2
short rows of slender spinules at inner border; second
segment with 2 small outer setae, ornamented with den-
ticuliform spinules at inner border. Enp II and its claw
together nearly as long as basis.

Leg 1 (Fig. 5a): praecoxa and coxa with a particular
spinular ornamentation pattern as shown in the drawing;
basis with a spiniform seta on the inner and one on the
outer distal corner; endopod much shorter than exopod,
both 3-segmented. Enp I distinctly longer than enp II and
enp III, with 1 long and strong spine-like seta at outer distal
corner; enp II as long as terminal segment without seta; enp
IIT with 1 big outwardly curved claw-like spinulose seta,

Fig. 8 Tigriopus thailandensis sp. nov. Male. a, urosome, dorsal
view; b, urosome, ventral view. ¢, terminal seta of caudal ramus

Fig. 9 Tigriopus thailandensis sp. nov. Male. a, rostrum and right
antennule, dorsal view; b, right second antenna, anterior view;
¢, mandible, posterior view
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Fig. 10 Tigriopus thailandensis
sp. nov. Male. a, maxillule;

b, maxilla; ¢, maxilliped.
Posterior view

1 spine-like and 1 slender inner seta. Both exp I and exp II
elongated, exp III very small. Exp I with 1 pinnate seta on
distal outer corner; exp II with 1 pinnate seta at two-thirds
of outer margin, and 1 spinulose seta on inner distal corner;
exp III with 2 median distal claw-like setae, 1 outer and 2
inner spine-like setae.

Legs 2-3 (Figs. 5b, 6a): basis with 1 pinnate seta on
outer corner. Endopod 3-segmented; enp I and enp II each
with 1 inner plumose seta; enp III with 1 outer pinnate
spine-like seta, 3 plumose setae: 2 median distal and 1
outer. Exopod 3-segmented; exp I and exp II each with 1
outer pinnate spine, and 1 inner plumose seta; exp III with
3 outer pinnate spines, 2 plumose setae apically, and 2
inner plumose setae.

Leg 4 (Fig. 6b): as leg 2 and leg 3, except enp II without
inner seta.

Leg 5 (Fig. 6¢): baseoendopod large, furnished with
rows of spinules, with 1 outer basal seta and 5 spinulose
setae of unequal length on endopodal lobe, the second
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outermost longest. Exopod 1-segmented, anterior face
covered with longer-sized spinules, with 5 spinulose setae
of unequal length, the second innermost longest.

Male (Figs. 7, 8, 9, 10, 11, 12)

Total length of holotype male 0.94 mm; paratype, total
length 1.0 mm, measured from tip of rostrum to posterior
margin of caudal ramus. Male morphology as in female
except the following characters. Antennule (Fig. 9a) sub-
chirocer, 8-segmented: first segment with small spinules on
anterior inner surface, fifth one shortest, sixth one globu-
larly expanded with a big aesthetasc, seventh one forming a
claw-like outer process, and last one small. Armature for-
mula: 1-1-11-3—-2—-8 + Ae.—0—9. Antenna (Fig. 9b):
anterior edge of allobasis without seta, all other armature as
in female.

Leg 2 (Fig. 11b): Basis with 1 pinnate outer seta.
Endopod 3-segmented: first segment with 1 inner seta;
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Fig. 11 Tigriopus thailandensis sp. nov. Male. a, right leg 1; b, right
leg 2; Posterior view

second segment with 1 inner spinulose seta, comparatively
short, and 1 plumose spinous process at outer distal corner;
third segment small, not reaching to third exopodal seg-
ment, with 3 setae distally: 1 bare, 1 plumose, 1 pinnate,
and 1 longer plumose seta at inner edge. Exopod 3-seg-
mented, armed as in female. Leg 5 (Fig. 12c): baseoen-
dopod small, with 1 inner short endopodal seta, and 1 long
slender outer seta. Exopod about 1.5 times as long as wide,
with 1 bare inner, 2 spinulose apical, and 2 outer spinulose
setae; apical, innermost seta longest, about 5 times as long
as exopod. Leg 6 (Fig. 8a, b) represented by 3 setae,
innermost 1 longest and middle 1 shortest (Table 1).

Fig. 12 Tigriopus thailandensis sp. nov. Male. a, right leg 3; b, right
leg 4; c, left leg 5. Posterior view

Table 1 Armature formulae of legs 1-4 of Tigriopus thailandensis
Sp. nov

Exp Enp
P1 012:2:1 10 1:2:0
P2 112:2:3 111:2:1
P3 11 2:2:3 111:2:1
P4 11 2:2:3 10 1:2:1

Naupliar stages I-VI (Figs. 13, 14, 15, 16, 17,
18, 19, 20, 21)

Nauplius I (Figs. 13, 17, 18, 20)

Body length 116 pm, body width 103 pm. Body reddish
with a dark median eye, slightly longer than wide and

@ Springer



146

Helgol Mar Res (2012) 66:139-151

Fig. 13 Tigriopus thailandensis sp. nov. Naupliar stages I and II in
ventral view. Abbreviations: N I and N II—naupliar stages I and II,
respectively

cephalic shield showing lobular bulges on both lateral
sides. Rectangular labrum furnished with hairy spinules
along the distal posterior edge and longer spinules on lat-
eral corners. Sternal field ornamented with 2 rostrally
curved rows of spinules in between insertions of antennae.
Hindbody bears 1 seta (=the initial furca), arising from a
protuberance on each caudal side and a curved row of
minute spinules in between (Fig. 13).

Antennule 3-segmented (Fig. 17): first segment without
seta; second segment with 2 small setae near middle and 1
large seta at inner margin; distal segment armed with 2
setae and 1 aesthetasc.

Antenna (Fig. 18) bears an unornamented ring-shaped
coxa. Basis large and medially drawn out into a bifurcated
pincer-like masticatory process, armed distally with tiny
spinules, 1 inner seta and 1 outer flap, and pointing under
labrum toward mouth. Basal endite bearing 2 smooth setae
and 1 plumose seta on anterior surface; 2 short rows of
spinules, 1 in the middle and 1 row at the outer corner.
Cylindrical endopod 1-segmented, about 3 times as long as
first exopodal segment, with 2 subequal median inner setae
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Fig. 14 Tigriopus thailandensis sp. nov. Naupliar stage II in dorsal
and lateral view

and 1 short terminal seta, and 1 large claw-shaped seta
distally. Exopod 3-segmented: first segment bears 1 spi-
nulose seta at inner corner. Second segment shorter, bear-
ing 1 long spinulose seta. Third segment with 1 smooth seta
and 1 longer spinulose terminal seta, and 3 spinules on
outer corner plus 1 very slender seta.

Mandible (Fig. 20) with a short proximal portion (=initial
coxa) with 1 spinulose seta. Anterior surface of large basis
furnished with many transverse rows of slender spinules
medially and at inner protrusion. Basal endite furnished on
an elongate claw-shaped spine with 4 small spinules mid-
length and 3 long smooth setae. Exopod 2-segmented: first
segment with 1 terminal smooth seta; second segment
bearing 1 smaller spinulose inner seta, 1 outer large spinulose
seta, and 1 long attenuated spinulose seta.

Nauplius II (Figs. 13, 14, 17, 18, 20)
Body length 139 pum, body width 119 pum. N II differs from

N I in the following aspects. Sternal field ornamented with
only 1 row of slender spinules in between insertions of
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Fig. 15 Tigriopus thailandensis sp. nov. Naupliar stages III and IV in
ventral view. Abbreviations: N III and N IV -naupliar stages III and
1V, respectively

antennae. Hindbody with 1 additional seta on either side
(Figs. 13, 14). Antennule (Fig. 17) with 1 additional
median seta and 5 small setae at anterior inner margin on
its distal segment. Antenna (Fig. 18): basal endite bearing
1 additional seta. Tubular endopod bearing 1 small spine at
distal margin. First segment of exopod ornamented with 1
oblique row of 7 spinules. Mandibular coxal spinulose seta
became smooth seta (Fig. 20). Basal endopod bearing 1
additional seta. One additional seta at outer corner of the
first segment of exopod. Maxillule represented by a spi-
nulose seta.

Nauplius IIT (Figs. 15, 17, 18, 20)

Body length 150 pm, body width 143 um. N III differs
from N II in the following aspects. Hindbody with 1
additional seta on either side (Fig. 15). Antennule (Fig. 17)
with 4 additional setae on anterior surface of its distal
segment. Antenna (Fig. 18): gnathobase bearing 1 spinule
at midlength of masticatory process. Cylindrical endopod
of antenna bears a tiny spinule at midlength close to the
former larger spine. Large claw-shaped seta of tubular
endopod armed with tiny spinules along inner side. Exopod

50 pum

Fig. 16 Tigriopus thailandensis sp. nov. Naupliar stages V and VI in
ventral view. Abbreviations: N V and N VI—naupliar stages V and
VI, respectively

without clear changes to that of N II. Mandibular basis
bearing 1 additional long seta (Fig. 20).

Nauplius IV (Figs. 15, 17, 18, 21)

Body length 168 pm, body width 145 pm. N IV differs
from N III in the following aspects. Hindbody with 1
additional seta on either side (Fig. 15). Antennule (Fig. 17)
on its distal third segment with 1 additional slender seta on
anterior face and 3 small setae on posterior face. Antenna’s
former tiny spinule on cylindrical endopod became longer
(Fig. 18). Distal segment bearing 1 terminal spinule.
Mandibular basis and exopod without change to that of N
I (Fig. 21). Maxillule with 1 additional slender seta
(Fig. 15).

Nauplius V (Figs. 16, 17, 19, 21)

Body length 191 pm, body width 166 pm. N V differs
from N IV in the following aspects. Hindbody showing 4
setae in total as at stage IV, 2 subequal spinulose setae and
2 subequal smooth setae on each side, and bearing an
abdominal bud (Fig. 16). Cylindrical endopod of second
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Fig. 17 Tigriopus thailandensis sp. nov. Development of the naupliar
left antennule of naupliar stages I to VI in anterior view. Antennule of
first to sixth naupliar stage abbreviated as N I to N VI, respectively

antenna bearing 4 spinules at midlength along inner margin
of its segment (Fig. 19). Claw-shaped seta of mandibular
endopod ornamented with 5 spinules at proximal inner
margin (Fig. 21).

Nauplius VI (Figs. 16, 17, 19, 21)

Body length 203 pm, body width 176 pm. N VI differs
from N V in the following aspects. The labrum without
spinules along its edge. Sternal field without row of spin-
ules in between insertions of antennae. Antenna without
basipodal endite and gnathobase; distal segment of exopod
with additional seta (Fig. 19). Mandibular coxa without
any seta, endopod expanded (Fig. 21). Inner edge with
enditic lobes; 1 seta on endopod, 1 seta on prospective
exopod. With 4 lobular precursors of postmandibular
appendages developed on both lateral sides. Anterior two
unarmed limb-buds are assumed to represent maxillule and
maxilliped precursors. First two swimming legs (legs 1-2)
indicated at the sixth naupliar stage. Lobe with 2 small
setae corresponding to leg one, and further caudally, lobe
with 2 setae corresponding to leg two (Fig. 16).
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50 pm

Fig. 18 Tigriopus thailandensis sp. nov. Development of the naupliar
left antennae of naupliar stages I to IV in anterior view. sp. nov

Biological remarks. Individuals of all six naupliar stages
are able to crawl and to swim-crawl on surfaces. All
developmental stages including nauplii can also swim
freely in the water column, and aggregate to swarms in
their splash-pool habitat.

Discussion

Tigriopus thailandensis sp. nov. shares with its closest
relative, T. japonicus Mori 1932, the two inner setae on the
third exopodal segment of leg 4, while other congeners
bear three inner setae. Allobasis and exopod of antenna are
much more slender and elongate in 7. thailandensis than in
T. japonicus. There are nine spinule patches on the female
antenna of 7. thailandensis, whereas there are only two in
T. japonicus. In both genders of T. thailandensis, the third
exopodal segment of leg 1 bears five claw-like setae, with
the outermost slender, whereas in 7. japonicus it bears
three setae, with the outermost being very stout. The first
endopodal segment of leg 1 bears strong spiniform spinules
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Fig. 19 Tigriopus thailandensis sp. nov. Development of the naupliar
left antennae of naupliar stages V to VI in anterior view. Antenna of
fifth to sixth naupliar stage abbreviated as N V to N VI, respectively

Fig. 20 Tigriopus thailandensis sp. nov. Development of the naupliar
left mandibles of naupliar stages I to III in anterior view. Mandible of
first to third naupliar stage abbreviated as N V to N VI, respectively

50 pm

Fig. 21 Tigriopus thailandensis sp. nov. Development of the naupliar
left mandibles of naupliar stages IV to VI in anterior view. Mandible
of fourth to sixth naupliar stage abbreviated as N V to N VI,
respectively

along its distal rim in 7. thailandensis, whereas there are
only tiny spinules in 7. japonicus. The lobe of leg 6 is
pronounced, twice as wide as long, and the outer seta is
oriented outwardly in 7. thailandensis, whereas all three
setae are directed caudally in T. japonicus.

Besides the present new species from Thailand, the
following species of Tigriopus are known so far: 7. brev-
icornis from northern Europe, T. fulvus (Fischer 1860)
from the Adriatic, T. californicus from North America,
T. angulatus from New Zealand, T. brachydactylus
Candeias, 1959, and T. minutus Bozic 1960 from Europe.
Tigriopus japonicus was described by Mori (1932) from
Shimoda (Japan), and the species has been redescribed by
1t6 (1970) from Hokkaido (Japan). T. raki was described by
Bradford (1967) from New Zealand; 7. igai from Bonin
Islands, Japan (It6 1977); T. kerguelensis and T. crozett-
ensis from the South Indian Ocean (Soyer et al. 1987).
Lang (1948) treated 7. fulvus as synonymous with
T. brevicornis. However, Bozic (1960) recognized them as
distinct species. T. minutus is similar to T. brachydactylus,
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particularly in the female setal armature of P5. The lack of
an outer seta on the exp 2 of leg 1 in 7. brachydactylus
seems to be an artifact, since all other Tigriopus species
show this seta.

As in most Harpacticoida, postmandibular appendages of
naupliar stages show a great variation in both 7. thailand-
ensis and T. japonicus: from their first appearance, in the
total number present at N VI, and in their shape and arma-
ture. At N VI, the first maxilla, second maxilla, maxilliped,
legs one and two may all be present, and they can then be
identified according to their position from front to rear.

Naupliar development in the Harpacticidae

1t6 (1970) and Koga (1970) examined Japanese populations
of T. japonicus. The study of 1t6 (1970) is lacking the N IV.
In particular, Koga (1970) documents the first maxilla from
N III onwards, whereas it is expressed in Ito’s and the
present account of T. thailandensis sp. nov. as early as at
the N II stage.

According to Walker (1981), segmentation is lacking on
both the antennal and mandibular exopod in Harpacticus
sp. throughout the phase. This is in contrast to the present
observation of a four-segmented antennal and a two-seg-
mented mandibular exopod in 7. thailandensis as well as in
T. japonicus from a Taiwan population (Dahms et al.
2007). These characters in T. thailandensis have also been
confirmed in another harpacticid genus Harpacticus by
Castel (1976) for H. littoralis. Clogston (1965) described
the antennal exopod of Zaus spinatus as being 2-segmented
throughout the phase, whereas it is four-segmented in
T. thailandensis and T. japonicus. In contrast to the present
report on 7. thailandensis, Clogston (1965) argued that
there was no indication of the first maxilla in Z. spinatus.

Tigriopus thailandensis sp. nov. lacks armature on the
first segment of the antennule throughout the nauplius
phase, whereas one seta is present in 7. japonicus
according to Dahms et al. (2007). There are three long
setac in 7. japonicus on the antennule’s second segment
whereas only one small seta plus two longer setae develop
in T. thailandensis sp. nov.

There is an aesthetasc on the antennule’s third segment
in T. thailandensis sp. nov. that is not discernible on the
third segment in 7. japonicus. There is one seta more on the
third segment in 7. thailandensis sp. nov. than in T. japo-
nicus (that means: seven setae plus one aesthetasc at N III
versus six setae, plus one aesthetasc) until both reach
thirteen setae, plus one aesthetasc at N VI in both species.
There are no spinules on this terminal segment in 7. japo-
nicus, whereas there are spinules from N II onwards in
T. thailandensis sp. nov. The second antenna of 7. thai-
landensis sp. nov. bears 3 small spinules on the terminal
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segment of the exopod, whereas there are no in 7. japo-
nicus. In T. thailandensis sp. nov. there is one additional
seta on the anterior surface of the basis. The tubular
endopod bears a tiny seta midlength at N III that increases
in size throughout the naupliar development. The man-
dibular coxal seta bears one spinulose seta in 7. thailand-
ensis sp. nov. that is smooth in 7. japonicus. Several
spinules are present on the anterior surface of the basis of
T. thailandensis sp. nov., whereas there is only one row in
T. japonicus.
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A new species of the genus Tigriopus Norman, 1869 is described from Thailand.
Tigriopus sirindhornae sp. nov. resembles other species in having cyclopiform shape,
nine-segmented Al in female, A2 allobasis with three-segmented exp, male lacking
an abexopodal seta, male P2 enp II with distinct outer spiniform apophysis, both
baseoendopod and exp of female PS5 with five setae. The new species can be distin-
guished by having fewer sensillae; two-segmented mandibular exp; Mx1 praecoxa
more spinulose, Mx2 with spinules on three syncoxal endites, and Mxp with spin-
ules on outer margin. Additional characters related to the female P5 and P1 and
the male A1 and P2 are also helpful to distinguish this species from its congeners.
An identification key for the 13 known species of Tigriopus is also provided.

http://www.zoobank.org/urn:lsid:zoobank.org:pub: ABA4C14F-E484-4883-8191-
F7ECECC7A3D3

Keywords: taxonomy; harpacticoids; Thailand; key to species; external
morphology

Introduction

We provide here a morphological description of a new harpacticoid copepod species
belonging to the genus Tigriopus Norman, 1869, which consists presently of 12 valid
species (Boxshall and Halsey 2004; Wells 2007; Chullasorn et al. 2012). Besides the new
species from Thailand, the following species of Tigriopus are known so far: 7. thai-
landensis Chullasorn, Ivanenko, Dahms, Kangtia and Yang, 2012 described from
Bangsaen Beach in Thailand, 7" angulatus (Lang, 1933) from New Zealand, 7. brachy-
dactylus (Candeias, 1959) from northern Europe, 7. brevicornis (Miiller, 1776) from
Spain, 7. californicus (Baker, 1912) from North America, T. crozettensis Soyer, Thiriot-
Quievreux and Colomines, 1987 and 7. kerguelenensis Soyer, Thiriot-Quievreux and
Colomines, 1987 from the South Indian Ocean, 7. fulvus (Fischer, 1860) from the
Mediterranean Sea, 7. igai (It6, 1977) and T. japonicus (Mori, 1938) from Japan, the
latter redescribed by Ito (1970), T. minutus Bozic, 1960 from Senegal, and 7. raki
(Bradford, 1967) from New Zealand. Lang (1948) treated 7. fulvus as a synonym of
T. brevicornis, but Bozic (1960) recognized them as distinct species. Tigriopus minutus
is similar to 7. brachydactylus, particularly in the female setal armature of P5. The lack
of outer seta on the exp 2 of P1 in T. brachydactylus seems to be an artefact, because
all other Tigriopus species have this seta, including the new species from Thailand.
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Species of Tigriopus have been studied from different disciplines, and there are sur-
veys on ecology (Dethier 1980), life history (Koga 1970), internal and external anatomy
(Ito 1973), reproductive chemical ecology (Kelly and Snell 1998) and adaptive genetics
(Burton et al. 1999). Other studies focus on its genomics (Machida et al. 2002; Jung
et al. 2006; Kim et al. 2003; Lee 2003; Lee et al. 2005), medicine-related genetics (Kim
et al. 2004) and its population genetics (Edmands and Burton 1998; Edmands 1999).
Raisuddin et al. (2007) reviewed its ecotoxicology. Representatives of Tigriopus inhabit
splash pools (McAllen 1998, 1999) and show a remarkable adaptation to changes in
salinity, temperature and oxygen (McAllen and Block 1997; McAllen 1998, 1999). The
description of the new species of Tigriopus is based on the examination of adult females
and males collected at a sandy beach of the Rayong Province, in Thailand. A key to
the known species of the genus is also provided.

Material and methods

Adult specimens of a previously undescribed species of Tigriopus were collected dur-
ing low-tide at a sandy beach located off the Eastern Marine Fisheries Development
Centre, Ban Phe, Rayong Province, Thailand (12°37' N, 102°20" E). In addition, differ-
ent developmental stages of this species were washed out from thalli of the brown alga
Padina sp.

Specimens were fixed in 5% formaldehyde and suspended in W15 (embedding
medium Carl Zeiss Co.). Before dissection, the habitus of the specimens was drawn
from whole mounts and total body length measurements were made from individuals
mounted in W15, Dissected parts were mounted on slides in glycerine. Broken glass
fibres were added to prevent the animal and appendages from being compressed by
the coverslip and to facilitate rotation and manipulation, so allowing observation from
all angles. All drawings were prepared using a camera lucida on a Nikon HFX-DX
compound microscope at a magnification of 1000 x. Measurements were made with
an ocular micrometer. Scale bars in illustrations are in micrometers. No colour pat-
tern was discernible. The references for the morphological description of this species
were Lang (1948), 1t (1977), Huys and Boxshall (1991), and Chullasorn et al. (2012).
Abbreviations used are as follows: R, rostrum; Al, antennule; A2, antenna; Md,
mandible; Mx1, maxillule; Mx2, maxilla; Mxp, maxilliped; P1-P4, first to fourth swim-
ming legs; P35, leg 5; P6, leg 6; enp I, 11, 111, endopod I, 11, I1T; exp I, IT, III, exopod I,
II, III; ae, aesthetasc; Uro 4, 5, 6, urosomite 4, 5, 6.

Systematics

Family HARPACTICIDAE Dana, 1846
Genus Tigriopus Norman, 1869
Tigriopus sirindhornae sp. nov.
(Figures 1-12)

Type specimens
One female holotype (USNMI1156995) dissected on eight slides, and one male
allotype (USNM-1156996) dissected on seven slides, plus 10 female and 10 male
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undissected paratypes (USNM-1156997) preserved in 95% alcohol were deposited
in the Department of Invertebrate Zoology, National Museum of Natural History,
Smithsonian Institution, Washington, DC, USA.

Type locality

Tigriopus sirindhornae sp. nov. was recovered from the brown alga Padina sp. at Ban
Phe, Rayong Province in Thailand (12°37' N, 102°20" E).

Etymology

The species was named after Her Royal Highness Princess Maha Chakri Sirindhorn
of Thailand.

Descriptions

Female. Total length of holotype female, 1.12 mm; total length of paratype female,
0.94 mm (n = 12, mean = 0.96 mm); measured from tip of rostrum to posterior mar-
gin of caudal ramus. Body (Figure 1A,B) compact, cyclopiform ornamented with few
sensillae on surface. Prosome four-segmented, comprising cephalosome and three free
pedigerous somites. Cephalosome slightly shorter than three prosomites combined.
Rostrum large, almost as long as first segment of antennule, with two pairs of sensilla
on each side; the first pair close to the rounded tip, and the second pair at midlength
as in Figure 3A.

Urosome (Figure 2B, C) five-segmented, comprising P5 bearing-somite, genital
double-somite, and three free abdominal somites. Genital double-somite with P6, geni-
tal field indistinct, ventrally with two small copulatory apertures, and with two oblique
outer and inner spinular rows. Abdominal somites with rows of spinules dorsally and
ventrally. Third urosomite (distal half of genital double-somite) with two pairs of sen-
sillae: one pair on posterior half, one pair in opposite distal corner. Fourth and fifth
urosomites with one pair of sensilla each at opposite corners. Anal operculum semicir-
cular, smooth. Caudal rami slightly longer than wide, ornamented with small spinules
dorsally and ventrally. Seta I arising laterally at midlength; seta II located between
seta I and seta III; seta III two times longer than seta I1; seta V (Figure 3C) longest,
much longer than urosomal length; seta IV shorter than seta V; seta VI as long as seta
II1, located at inner distal corner; seta VII shortest located close to insertion point of
seta V.

Antennule (Figure 3B): nine-segmented; surface of second to ninth segments
smooth. Length of two proximal segments longer than five apical segments com-
bined. Fourth and last segment with one large and one small aesthetasc, respectively.
Armature formula: 1-(1), 2-(10), 3-(9), 4-(4 + ae), 5-(1), 6-(4), 7-(2), 8-(2), 9-(5 +
acrothek). Acrothek consisting of aesthetasc and two setae.

Antenna (Figure 3C): coxa bearing short row of minute spinules close to base of
allobasis. Allobasis bearing exopod, armed with one abexopodal pinnate seta at middle
of inner edge, furnished with rows of minute spinules on anterior surface. Exopod
three-segmented; first segment longest with two pinnate setae, second segment short
with one pinnate seta, third segment short with one lateral pinnate and one apical
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Figure 1. Tigriopus sirindhornae sp. nov., female. (A) Habitus, dorsal view; (B) habitus, lateral
view; (C) caudal seta V.
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Figure 2. Tigriopus sirindhornae sp. nov., female. (A) P5; (B) urosome, ventral view;
urosome, dorsal view.

5

©



Downloaded by [Ramkhamhaeng University], [ Supawadee Chullasorn] at 22:17 13 February 2013

6 S. Chullasorn et al.

Figure 3. Tigriopus sirindhornae sp. nov., female. (A) rostrum, dorsal view; (B) right antennule,
anterior view; (C) left antenna, anterior view.
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smooth seta. Free endopodal segment ornamented with row of minute spinules at outer
distal corner, with three pinnate spines, two pairs of small and short setae on anterior
surface, two apical geniculate setae, and two long smooth setae arising from outer
distal corner.

Mandible (Figure 4A, B): coxa well developed with arched spinular row at
midlength of anterior surface. Cutting edge with five strong spines and one row
of minute spinules, and pinnate seta. Basis with apical smooth seta; exopod three-
segmented, first segment with two setae and some spinules at distal edge, second
segment with one seta, third segment with two setae fused basally; endopod one-
segmented, with three lateral inner setae (two of them fused basally), and six apical
setae (two of them fused basally).

Maxillule (Figure 4C-F): praecoxa ornamented with rows of spinules, arthrite with
two slender setae and one outer plumose spine-like element, with four naked and five
pinnate apical spines. Coxa furnished with spinules on anterior surface, with three
inner smooth setae and two pinnate spines. Basis with one pinnate spine and two
setae distally, one seta laterally, and two subdistal setae (two juxtaposed). Exopod and
endopod reduced, with three smooth setae each.

Maxilla (Figure SA-E): syncoxa with rows of spinules on outer corner and three
endites: one praecoxal and two coxal; praecoxal endite bilobular, each lobe with two
distal plumose setae; two coxal endites with three distal spinulose setae each. Basis with
one inner bare seta on a strong pectinate claw and two strong, remarkably plumose
setae, and four slender bare setae near base of claw.

Maxilliped (Figure 5F): syncoxa and basis well developed. Syncoxa with one spin-
ulose seta at inner distal corner, and spinule rows on anterior surface. Basis with rows
of spinules on anterior surface and some minute spinules at outer margin, with inner
median pinnate seta. Endopod with one large pinnate claw, and with one conical
process bearing one lateral and one apical setae.

P1 (Figure 6A): praecoxa naked, coxa with spinular ornamentation pattern as
shown. Basis with one inner pinnate seta and outer plumose element. Endopod much
shorter than exopod, both three-segmented. Endopod I much longer than enp II and
enp [T combined, with one spine-like inner plumose seta; enp II shorter than last seg-
ment without seta; enp III with one strong outwardly curved claw-like smooth scta,
one spine-like and one inner slender setae. Both exp I and exp II long, exp I1I reduced.
Exopod I with one smooth outer seta; exp II with one smooth seta at two-thirds of
outer margin, and one inner spinulose seta; exp I1I with two median distal claw-like
setae, one inner and two outer spine-like setae.

P2-P3 (Figures 6B, 7A): coxa with rows of spinules. Basis bare, with one pin-
nate outer seta. Endopod three-segmented; enp I and enp II with one inner plumose
seta each; enp III with one outer pinnate spine-like seta, three plumose setae: two
median distal and one outer. Exopod three-segmented; exp I and exp II with outer
pinnate spine each, and inner plumose seta; exp III with three outer pinnate spines,
two plumose setae apically, and two inner plumose setae.

P4 (Figure 7B): as P2 and P3, except for enp II without inner seta.

Armature formula of P1-P4 is shown in Table 1.

P5 (Figure 2A): baseoendopod large, with spinular row along outer margin, with
one outer basal smooth seta and five spinulose setae of unequal length on endopodal
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Figure 4. Tigriopus sirindhornae sp. nov., female. (A) Mandible, anterior view; (B) maxillule,
anterior view; (C) praecoxal arthrite; (D) coxa; (E) basis and endopod.
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Figure 5. Tigriopus sirindhornae sp. nov., female. (A) Maxilla, posterior view; (B) praecoxal

endite; (C, D) coxal endites; (E) basis; (F) maxilliped, anterior view.
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Figure 6. Tigriopus sirindhornae sp. nov., female. (A) Right P1; (B) right P2, posterior view.

lobe, second outermost being longest. Anterior face of exopod covered with longer-
sized spinules, with four outer spinulose and one innermost smooth seta, the second
innermost longest.
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Figure 7. Tigriopus sirindhornae sp. nov., female. (A) Right P3; (B) right P4, posterior view.
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Table 1. Armature formula of P1-P4 of female Tigriopus sirindhornae sp. nov.

Exopod Endopod
P1 1-0;1,1;V-1 1-0;0-0;2,1
P2 I-1; I-1, I11,2,2 1-0;1-0;1,2,1
P3 I-1; I-1; 111, 2,2 1-0;1-0;1,2,I
P4 I-1; I-1; 111,2,2 1-0;0-0;1,2,1

Arabic numbers represent setae, Roman numerals represent spines.

Male. Total length of allotype, 0.92 mm (Figure 8A, B), total length of paratype,
1.0 mm (n = 12, mean = 0.90 mm) measured from tip of rostrum to posterior margin
of caudal ramus. Body surface as in female but having more sensillae. General body
shape and size similar to female. Sexual dimorphism expressed in Al, A2, P2, PS5,
P6 and urosomites.

Urosome (Figure 9A, B): six-segmented, comprising P5 bearing-somite, genital
somite, three abdominal and anal somites. In ventral view, Uro3 to Uro6 furnished
with small spinules at posterior margin. Armature and ornamentation as in female.

Antennule (Figure 10A, B): subchirocer, seven-segmented. First segment with
small spinules on anterior inner surface, fifth one shortest, sixth one globularly
expanded with long aesthetasc, seventh one developing claw-like outer process.
Armature formula: 1-(1), 2-(1), 3-(11), 4-(6), 5-(12 + ae), 6-(0), 7-(7 + ae).

Antenna (Figure 10C): as in female, except for anterior edge of allobasis without
seta.

P1 (Figure 11A): as in female, except for basis with longer inner seta.

P2 (Figure 11B): basis with one outer smooth seta. Endopod three-segmented as
long as exp I and exp II lengths combined; first segment with one inner plumose seta;
second segment with inner curved spinulose seta twice as long as enp I11, with distinct
outer spiniform apophysis; third segment reduced, with one inner plumose seta, two
distal plumose setae and one outer apical spine. Exopod three-segmented, as in female.

P3 and P4 (Figure 12A, B): as in female.

P5 (Figure 9A, B): both baseoendopods confluent, with one inner short endopo-
dal seta and long slender outer seta. Exopod twice as long as wide, with five smooth
unequal setae; apical, innermost seta longest, about 3.5 times as long as exopod.

P6 (Figure 9A, B): represented by three setae, innermost longer than outermost,
middle one shortest.

Remarks

Wells (2007) reported difficulties in finding characters useful to separate the females
of species of Tigriopus. The taxonomy and correct identification of specimens of this
genus is not an easy task as one has to pay attention to subtle details such as the
number of sensilla on the rostrum; all species of Tigriopus have two pairs of rostral
sensillae, if carefully examined. Other taxonomically important characters include also
the armature and ornamentation of A1, A2, mouthparts, appendages and urosomites.

Tigriopus sirindhornae sp. nov. shares the same generic characters with its known
congeners: (1) body compact, cyclopiform; (2) rostrum with two pairs of sensillae;
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Figure 8. Tigriopus sirindhornae sp. nov., male. (A) Habitus, dorsal view; (B) habitus, lateral
view; (C) caudal seta V.

(3) nine-segmented antennule in female; (4) A2 exopod three-segmented; (5) absence of
abexopodal seta on allobasis of antenna in male; and (6) with distinct outer spiniform
apophysis on male P2 enp II.
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Figure 9. Tigriopus sirindhornae sp. nov., male. (A) Urosome, dorsal view; (B) urosome, ventral
View.

Females of T. sirindhornae are unique in combining the following characters:
(1) whole body with relatively fewer sensillae; (2) first segment of Al ornamented
with fewer spinules; (3) mandible with more spinules on coxal surface, only one seta
on the mandibular basis and three-segmented exp; (4) maxillule with more spin-
ules on praecoxal surface, arthrite with four bare and five spinulose spines on inner
edge; (5) maxilla with three syncoxal endites ornamented with dense minute spinules;
(6) basis of mxp with one inner median pinnate seta, enp with one large pinnate claw;
(7) praecoxa of P1 bare, exp II without surface ornamentation, exp III with four curved
outwardly smooth spine-like setae apically; (8) exopod of P5 with four outer spinulose
and one innermost smooth seta.

Tigriopus sirindhornae females share with their closest relatives, 7. thailandensis
and 7. japonicus, the following characters: the presence of two inner setae on P4 exp
II1, whereas other congeners bear three setae. The endopod of A2 is more slender
and elongate in 7. sirindhornae and 1. thailandensis than it is in 7. japonicus; there
are fewer small spinules on the first segment of Al of 7. sirindhornae than in T. thai-
landensis, whereas spinules are absent on 7. japonicus. In both males and females
of T. sirindhornae, the P1 exp III bears five setae, two median distal claw-like setae,
one inner and two outer spine-like setae, whereas 7. thailandensis bears five claw-like
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Figure 10. Tigriopus sirindhornae sp. nov., male. (A) Right antennule, anterior view; (B)
Al distal part; (C) right antenna, anterior view.
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Figure 11. Tigriopus sirindhornae sp. nov., male. (A) Right P1; (B) right P2, posterior view.
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Figure 12. Tigriopus sirindhornae sp. nov., male. (A) Right P3; (B) right P4, posterior view.

setae, with the outermost one being slender, and 7 japonicus has three setae, with the
outermost seta being stout. In 7. sirindhornae and T. thailandensis the P1 enp I bears
strong spiniform spinules along its distal rim, whereas only tiny spinules are present in
T japonicus (Mori 1938; Chullasorn et al. 2012).
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Table 2. Worldwide zoogeographic distribution of Tigriopus Norman, 1869.

Species Locality Source
1. T angulatus Lang, 1933 New Zealand Lang (1933)
2. T. brachydactylus Candeias, Northern Europe Candeias (1959)
1959
3. T. brevicornis Miiller, 1776 Atlantic coast of Spain Muiller (1776)
4. T. californicus Baker, 1912 North America Baker, 1912
5. T. crozettensis Soyer et al., Crozet Islands, South Soyer et al. (1987)
1987 India Ocean
6. T. fulvus Fischer, 1860 Mediterranean Sea Fischer, (1860)
7. T igai 1t6, 1977 Bonin Islands, Japan 1t6 (1977)
8. T japonicus Mori, 1938 Shimoda, Japan Mori (1938)
9. T. kerguelenensis Soyer Kerguelen Islands, South Soyer et al. (1987)
etal., 1987 Indian Ocean
10. T minutus Bozic, 1960 Goree, Senegal Bozic (1960)
11. T. raki Bradford, 1967 New Zealand Bradford (1967)
12. T. thailandensis Chullasorn Bangsaen, Thailand Chullasorn et al. (2012)
et al. 2012
13. T. sirindhornae sp. nov. Rayong, Thailand Present study

Tigriopus sirindhornae differs from its only other Thailand congener, 7. thailanden-
sis, as follows: whole body of 7. sirindhornae with fewer sensillae; posterior margin of
cephalothorax smooth; A1l of female with large aesthetasc on fourth and acrothek on
terminal segments; exopod II of P1, praecoxa, coxa and basis of P4 without surface
ornamentation. In addition, there are differences in body ornamentation, details of
oral appendages, structure of the genital field, and armature formula of appendages.

The discovery of the new species 7. sirindhornae increases the number of rec-
ognized species in the genus Tigriopus to 13 (Table 2). The present key is modified
from Bradford (1967) and 1t6 (1969), and is an aid to the identification of species of
Tigriopus (the key will work best if both female and male specimens are available).

Key to species of Tigriopus

1. PS5 exp with five setae in both female andmale ............................ 2
PS5 exp with five setae in female and four setaeinmale..................... 3

2. PS5 exp with five setae in male; anal operculum with finely hairs..............

3. PS5 exp with four setae in male; P4 exp 111 with two inner setae. .. 7. japonicus

PS5 exp with four setae in male; P4 exp III with three inner setae............ 4
4. Baseoendopod of PS5 without inner setainmale ...................... T igai
Baseoendopod of P5 with one inner setainmale.......................... 5
5. P6 with two setae in both femaleandmale........................... T raki

P6 with three setae in both femaleandmale............................... 6
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6. Plexp IIwithout outer Seta. ........oovinrint ittt 7
PlexpIlwithoneouterseta..........oooviuiiiiiiiiiinnennns. 8

7. First endopodal segment of Mxp thickset and not excavated ................
......................................................... T brachydactylus

First endopodal segment of Mxp slender and oval in shape ....... T minutus
8. Mandibular basis With 0ne seta ...........ooiiiiiiiii i, 9
Mandibular basis with twosetae ..., T fulvus
9. Caudal rami without rows of spinules on dorsal surface......... T. angulatus
Caudal rami with rows of spinules on dorsal surface ..................... 10

10. Anal somite and operculum with fine hair-like elements on dorsal surface . ..

....................................................................... 11
Anal somite and operculum notasabove.................. ... i 12
11. Tip of apophysis of male P2 rounded ...................... T kerguelenensis
Tip of apophysis of male P2sharp ........................... T crozettensis

12. Pl exp II, P4 praecoxa, coxa and basis with surface ornamentation..........
........................................................... T thailandensis
P1 exp II, P4 praecoxa, coxa and basis without surface ornamentation . ... ..
........................................................... T. Sirindhornae
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4. GEﬂLLa:%'ﬁtﬁNamiﬁﬂMﬂ (Conclusion and Discussion)
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