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Morphological Characterization of Hemocytes of Leaf Shrimp Nebalia
japonensis and Pea Crab Pinnotheres sinensis

Masakazu Kondo " and Yukinori Takahashi

Abstract :

Morphological characteristics of hemocytes from leaf shrimp Nebalia japonensis

and pea crab Pinnotheres sinensis were examined by light microscopy. Only a single type of

hemocyte, granulocyte, were observed in the hemolymph of the leaf shrimp. The hemocyte

was spindle to oval in shape and characterized by the presence of numerous small granules.

The granules were round (=0.3 xm in diameter) and classified into two types, eosinophilic

granule and basophilic granule. On the other hand, two types of hemocytes, eosinophilic small

granulocytes and eosinophilic large granulocytes, were observed in the hemolymph of the pea

crab. The former had small-sized (round to oval,

=0.5 um) eosinophilic granules, and the latter

had large-sized (round to oval, =1.5 gm) eosinophilic granules. Based on the present results

and those of other crustaceans previously reported, we make a speculation about the evolutional

process of crustaccan hemocytes.

Key words : crustacea, hemocyte, morphology, diversity, phylogeny, evolution
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BoM THRIAMERZETH LI IR IEM (U IE
Marsupenaeus japonicus, 7 71 LY Metapenacopsis barbata,
FIVI Y Trachysalambria curvirostris) & &2 7, HEHEKIH
Wi 7 70T L HERE O 7+ A Ligia exotica R F 7
5] 1 B S E o 7 F
BLUREEE 7 T EH
MM E @ 2 v 3% (3 + 3 Oratosquilla oratoria, ™47 3 %
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HIHIEE D MER DT TR W LR I N D,

3 J NI E Nebalia japonensis WK HHE T /N I E i
MR EICEL, BOFANAKHEEEEZNTVS ", 3
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Fig. 1. Hemocytes of leaf shrimp. A, phase contrast; B, May-
Griinwald stain. Note many cytoplasmic granules (A).
Two typcs of round granules, basophilic granule and
eosinophilic granule were observed in a hemocyte (B).
Bars=10 gm
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Fig. 2. Hemocytes of pea crab. May-Griinwald stain. A,
eosinophilic small granulocyte; B, eosinophilic large
granulocyte. Bars=10 gam.
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Table 1. Classification of crustaceans based on the hemocyte types

Taxonomic group and species Reference®
Anostraca, Sarosostraca, Branchiopoda:  Artemia  salina,  Branchinellites 239
kugenumaensis o
Notostraca, Phyllopoda, Branchiopoda: Triops numidicus 3,9
Laevicaudata, Diplostraca, Phyllopoda, Branchiopoda: Leptestheria kenvachieusis 4
Monohemocytic Cladocera, Diplostraca, Phyllopoda, Branchiopoda: Daphnia pulex a
group Arguloida, Branchiura, Maxillopoda : Argudus japonicus 3,9
Myodocopida , Myodocopa, Ostracoda, Maxillopoda: Vargula hilgendorfii 6
Pedunculata, Thoracida, Cirripedia, Thecostraca, Maxillopoda: Lepas anatifera 7,9
Sessilia, Thoracida, Cirripedia, Thecostraca, Maxillopoda: Megabalanus rosa 8,9
Leptostraca, Phyllocarida, Malacostraca: Nebalia japonensis b
Stomatopoda, Hoplocarida, Malacostraca: Oratosquilla oratoria, Harpiosquilla 9
harpax
Isopoda, Peracarida, Eumalacostraca, Malacostraca: Ligia exotica, Armadillidium 9
vulgare it
Amphipoda, Peracarida. Eumalacostraca, Malacostraca: Melita koreana (o
Gr I Penaeidea, Dendrobranchiata, Decapoda, Eucarida. Eumalacostraca, Malacostraca:
TIOUp I Marsupenaeus — japonicus, — Metapenaeopsis — barbata, — Trachysalambria 9
(Type 1) Curvirostris
Thalassinidea. Plcocyemata, Decapoda, Eucarida. Eumalacostraca, Malacostraca: g
Callianassa japonica, Upogebia major
Brachyura, Plcocyemata, Decapoda, Eucarida, Eumalacostraca, Malacostraca:
Matuta lunaris, Philvra pisum, Charyvbdis japonica, C.  bimaculata, Portunus 9

writuberculatus, P pelagicus, Scvilla serrata, Leptodins exaratus

Astacidea, Pleocyemata, Decapoda, Eucarida, Eumalacostraca, Malacostraca:
Homarus americanus

. Group Il Palinuridea, Plcocyemata, Decapoda, Eucarida, Eumalacostraca, Malacostraca
Polyhemocytic . ; 9
(Type 11 Panulirus japonicus
group
o i
Anomura, Pleocyemata, Decapoda, Eucarida, Eumalacostraca, Malacostraca:

Pagurus japonicus

Astacidea, Pleocyemata, Decapoda, Eucarida, Eumalacostraca, Malacostraca:
Cambaroides japonicus. Procambarus clarkia

Group Ul Brachyura, Pleocyemata, Decapoda, Eucarida, Eumalacostraca, Malacostraca:

(Type 1) Eriocheir japonicus, Hemigrapsus sanguineus, H. penicillatus, Gaetice ?
depressus,  Geothelphusa  dehaani,  Ocypode — stimpsoni,  Holometopus
haematocheir

Stenopodidea, Pleocyemata, Decapoda, Eucarida, Eumalacostraca. Malacostraca:
Stenopus hispidus
Group IV Caridea, Pleocyemata, Decapoda, Eucarida, Eumalacostraca, Malacostraca: 9
(Type 1IV) Caridina japonica, C. denticulate, C. leucosticte, Macrobrachium formosense,
M. japonicus, M. rosenbergii, M. nipponense, Palaemon paucidens, P. ortmanni,
Alpheus brevicristatus, 4. lobidens lobidens
Group V Brachyura, Plcocyemata, Decapoda, Eucarida, Eumalacostraca, Malacostraca: b

(Type V) Pinnotheres sinensis

*a. Kondo, M.. H. Inagawa, S. Tomonaga and Y. Takahashi: Hemocytes of Branchiopoda (Crustacea). Proceedings of 18th Japanese
Association for Developmental & Comparative Immunology, 13 (A1) (2006); b, present report; ¢, Kondo, M., S. Tomonaga and Y.
Takahashi: Hemocytes of Amphipoda (Crustacea). Proceedings of 19th Japanese Association for Developmental & Comparative
Immunology, 43 (C9) (2007).
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FEDY Y ;XY IE Caridinag japonica, I F3I XTILE
C. denticulate, 21 XX I C. leucosticte, 3 F 35
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1, SUHESHIHEO T 3 DL TS EWNWZ 5, L
MU, O/ NIEOMERNER ORI, B
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DA UT D HSEIT, A HR P SR 2SI RSE L2 00T U I 7

BUCHR® oz, U, E T HMEIEAH OBIER &
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BISELIZENS, BREEADL T EITK > Tk D
FEERL DENHAHENTED Z &0k B, 5122 al)
VT ETIRYINOMERD, O3/ NIEDEBE RIS
A ZFEL TWaH, 2 OB OGFEERIICEN
BED SN TWANY, BEok3ic, I/NTEQMm
BRid, TIRIGAIHAES s O 7 2 D LT 508, 1k
PRI O s £ Ph VL BHIHPE 35 & ONIDEE & 1 78 - Ty,
FALOE Y /I 2 BEOBRIRABR E Nz, Tk
R Z MEREE O EWCE DV T I ~IVANZ /- HIL T
B, HMERKOLHENMABLVRLTRHL TS, L
ML, WHOIKIE T MO MERICDH R L TWB, F-,

B Ik 141

RDROMIZE UAMDIMERNS D, S OERIZIRTL
MEUDHRENENH D, TIT, Lk mERO AT
ARNCALFFEOTIH Y LT 2000, HLDIETITH N
T, WBROFNHIMNS (O—TRHTFDRIF) #DiF5
ZEELn, Tl IROMRDS S, 2 HEOIHE
PRI ERI T BUUFREMETRIER (cosinophilic granuloeyte-type
I (EG-type 1)) BL T HLF#E PR EK (eosinophilic
granulocyte-type I (EG-type 1)) ERINTWVSEAY,
OIMBIUOTEE, RO ~VRO I HBIOI R
EREENDEDDLNDZOT, O—IEFNSTIET
Boyic BT L=w (T8 Bz, T8% 2 BICAET
D)o Fio, NN THEOS SO MEKICHY Ui [
YL PEY R ER  (amphophilic granulocyte (AG)) 17 1, 1 ik
R A MR JOR & A e R R O T % 2 A1 9 D ILER T &
B3, THIE) EWDAFRE BT A T E D M sko Fiki
CBHWLNTVRS Y, M7 A TEOWMPIEER D (it
Gefl) &, - JRIAGEIC L o TR B L
HERCOROENDZLEF®RLTHD Y, I HOMWH
PR R THidett] SRR DEn 5, SHIETLY
BUBEZER, LR 1 B OWmR ek 2 Thr i SEm
B W 1 R BR (basophilic and eosinophilic granulocyte) | &
FMZEE Lm0, Pl ORT R &5 g L 22505 ffil
ERODIZRESEAYR Y, FRICITRL ORI & R & & % Table 3
IR 1R 8 FIRHD MEREE, A S P DO ks 0 i
(basophilic fine granular cell (I BFG)), Af MLl T2 M
(basophilic plasma cell (I BP)). #FHEA4YREIEK basophilic
granulocyte (I BG)), #E % Pk /N ¥ ki BR (chromophobic
small granulocyte (I CSG)), HEHE KELRIER (chromophobic
large granulocyte (I CLG)). 4f Mi & M 4f BE 1k 48 K7 ER
(basophilic and cosinophilic granulocyte (I BEG)), 1 &4 If
B 11 UKL BR (eosinophilic granulocyte-type 1 (1 EGI)) B
KR 2 LT EE I JERTER  (cosinophilic granulocyte-type 2 (I
EG2)) /35, &/, 4MHOMBRMEHSNDTIRT
VL /N LE HE FE PRI AE (small basophilic cell (IISBC)),
eGPk KL ER  (chromophobic granulocyte (ITCG)), 41 B
% /N J K1 2R (eosinophilic small granulocyte (IESG)) 3
K O 8 M K KT EK (cosinophilic large granulocyte (1T
ELG)) z/rdEang, RO 3 MEOMmERIE, HEgerhiE
Fi &k (chromophobic granulocyte (ILCG)), 4 B% 1 /1 Y i
ER (cosinophilic small granulocyte (IIESG)) 35 & UMF#g 1%
KERIEK (eosinophilic large granulocyte (ITELG)) &72 0,
IV LD RIS 8 e P Wk Bk (chromophobic granulocyte (IV
CG)) & UfFEEYEkiER (cosinophilic granulocyte (IV EG))



Table 2. Comparison of morphological characteristics of granules in hemocytes from monohemocytic crustaceans (May-Griinwald staining preparation)

Species’
As Bk Tn Lk Dp* Aj Vh La Mr Nj
o a— Two type One type One type One type One type One type Two type One type One type Two type
Tt (%5, E, 1 2) or 0 C,1(£03) C,1(£0.5) A,rtoo(14in C,r(Z0.5) C,r(<0.5) B, r(<0.5);C,r  C,r(<0.5) C,r(0.5) B, r (£0.3); E,
: (2-3%x1-2); C, length) (1.0) r(=0.3)
pm) F(<0.5)
Sample* BS BS BS BS TS BS BS BS BS BS

'As, Artemia salina (brine shrimp)*¥, Bk, Branchinellites kugenumaensis (fairy shrimp)®, Tn, Triops numidicus (todpole shrimp)®, Lk, Leptestheria kawachieusis (clam shrimp)”, Dp, Daphnia pulex (water

O La, Lepas anatifera (ship barnacle)”, Mr, Megabalanus rosa (balanomorph barnacle)®, Nj, Nebalia juponensis (leaf

flea); Aj, Argulus japonicus (fish louse)®, Vh, Vargula hilgendorfii (seed shrimp)
shrimp, present report).

*Kondo, M., H. Inagawa, S. Tomonaga and Y. Takahashi (2006) Hemocytes of Branchiopoda (Crustacea). Proceedings of 18th Japanese Association for Developmental & Comparative Immunology, 13
(A1)

’A, amphophilic; B, basophilic; C, chromophobic; E, eosinophilic; o, oval; r, round.

*BS, blood smear; TS, tissue section (paraffin embedded section).

Table 3. Comparison of morphological characteristics of hemocytes from polyhemocytic crustaceans (May-Griinwald staining preparation)

Group (Type)'
I il 1 v \%
(Eight types of hemocytes) (Four types of hemocytes) (Three types of hemocyte) (Two types of hemocytes) (Two types of hemocytes)
I BFG; B (r, =0.3) [l SBC; agranular; basophilic ~ IICG; C (r, £1.0) IVCG; C(rtoo, =1.0) VESG; E (r, £0.5)
hyaloplasm
1 BP; B (a few, r, 0.5); II CG; C (r or rod-shaped, IESG; E (r, £0.5) IVEG; E (rto o, =1.0) VELG; E(rtoo, =1.5)
) o basophilic hyaloplasm =1.0)
HEshtE WPe, SIS 1 BG: B (r,0.3-0.5) IESG: E (r, <0.5) MELG:; E (1, 1.0-3.0°)
of granule” (shape’, ~
I CSG; C(r,0.3-0.5) NELG; E (r, £1.0)

size (um)) and other
[ CLG; C(r,0.5-1.0)

charcters
[ BEG; E (1, 0.3-0.5) and B (r, 0.3-0.5)
I EGI; E (1, 0.5-1.0);
fine chromatin-meshed nucleus
1 EG2; E (r, 0.5-1.0); dense nucleus
'See Table 1.

*BEG, basophilic and eosinophilic granulocyte; BFG, basophilic fine granular cell; BG, basophilic granulocyte; BP, basophilic plasma cell: CG, chromophobic granulocyte; CLG, chromophobic large
granulocyte; CSG, chromophobic small granulocyte; EG, cosinophilic granulocyte; EG1, eosinophilic granulocyte-type 1; EG2, cosinophilic granulocyte-type 2; ELG, eosinophilic large granulocyte; ESG,
eosinophilic small granulocyte; SBC, small basophilic cell.

3B, basophilic; C, chromophobic; E, cosinophilic.

*r, round; o, oval.

>The length was measured from the Fig. 1 -5c of Kondo®.

(44!
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D2 I I ND, A4 oy OMmERIGSER DA
EI DBV 2 PO BMEBRIRICOEES N T8
{4 /NFERIER (eosinophilic small granulocyte (PAT%, VESG
EFRY)) OBERIIERE 0S5 um LFOMBEELEIIMIET
&0 ATEEHERERRIER (eosinophilic large granulocyte (LAT%
VELG &F59)) OBRITER 1S ym BTFOHEER/LE
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