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Morphological Diversity of Hemocytes on Crustacea

Masakazu Kondo ™, Shinya Yasumoto and Yukinori Takahashi

Abstract : Morphological characteristics of hemocytes in some crustaceans were examined by light
microscopy. Only a single type of hemocyte (granulocyte) was observed in Daphnia obtusa (Cladocera,
Phyllopoda, Branchiopoda), Argulus sp. (Arguloida, Branchiura, Maxillopoda) from threadfin shad
Konosirus punctatus, four podocopids (Heterocypris incongruens, Heterocypris attenuate, Hemicypris
mizunoi and Stenocypris major, Podocopa, Ostracoda, Maxillopoda), Vargula hilgendorfii (Myodocopa,
Ostracoda), and Neomysis japonica (Mysida, Eumalacostraca, Malacostraca). On the other hand, plural
hemocyte types were detected in some eumalacostracans, three cymothoids (Flabellifera, Isopoda,
Eumalacostraca), Porcellio scaber (Oniscidea, Isopoda), five brachyurans (7Thalamita sima, Sphaerozius
nitidus, Eriochetr sinensis, Chiromantes dehaani and Pachygrapsus crassipes, Pleocyemata, Decapoda,
Eumalacostraca) and two anomurans (Spiropagurus spiriger and Paralithodes —camtschaticus,
Pleocyemata). Based on these results and those of other crustaceans previously examined, we make a
speculation about the evolutional process of crustacean hemocytes as follows (a possible story).

1. Ancestor in Crustacean had only one type of hemocyte, because of single type of hemocyte was

observed in the primitive crustaceans such

malacostracan (phyllocarid).

as branchiopods, maxillipods and primitive

2 . Pluralism (=Increase) of hemocyte type occurred in the common ancestor species of both Hoplocarida
and Eumalacostraca, and the ancestor had eight types of hemocytes, because of the hemocyte-type (type
1) was observed in the stomatopods and some eumalacostracans.

3. Other hemocyte-types (type II, four hemocyte types: type III, three hemocyte types:; type IV: two
hemocyte types; type V, two hemocyte types; pseudomonohemocytic type) in eumalacostracans appeared
as a result of simplification (=decrease) of hemocyte types.
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& 5 a J NI ¥ Nebalia japonensis (2 7/~ T ¥ Hfi f
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( k7 = ¥ i fiiHoplocaridal 1 HStomatopoda) *°,
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Table 1. Classification of subphylum Crustacea (modified after Ohtsuka and Komai?)

Class Branchiopoda
Subclass Sarsostraca
Order Anostraca and one extinct order
Subclass Phyllopoda
(four orders include two extinct orders)
Order Notostraca
Order Diplostraca (four suborders)
Suborder Laevicaudata
Suborder Cladocera
Class Remipedia (one order)
Class Cephalocarida (one order)
Class Maxillopoda
Subclass Pentastoma (two orders)
Subclass Branchiura
Order Arguloida
Subclass Copepoda (two infraclasses)
Infraclass Neocopepoda (two superorders)
Superorder Podoplea (nine orders)
Order Cyclopoida
Order Harpacticoida
Order Siphonostomatoida

Subclass Mystacocarida (one order)

Subclass Ostracoda
Superorder Myodocopa (two orders)
Order Myodocopida
Superorder Podocopa (three orders)
Order Podocopida
Subclass Thecostraca (three infraclasses)
Infraclass Cirripedia (three superorders)
Superorder Rhizocephala (two orders)
Order Kentrogonida
Superorder Thoracida
Order Pedunculata (one suborder)
Order Sessilia (three suborders)
Subclass Tantulocarida (one order)
Class Malacostraca
Subclass Phyllocarida
Order Leptostraca
Subclass Hoplocarida
Order Stomatopoda and two extinct orders
Subclass Eumalacostraca (three superorders)
Superorder Peracarida (nine orders)
Order Mysida
Order Isopoda
Order Amphipoda
Superorder Eucarida (three orders)

Order Decapoda

Yo @THETRMEROHEHDE NS % L BEOD
BNCIXB SN0, Faa e 07 V< T BHH T ]T
HY, THHIZHERETH S ESNTVDEIERS, o
M A(I~VE) &, THEOHTRI >-4HIETHS
9o VLD ANGET 572012, flix OHZBIHIZOWT
IMERFLHE & MERDFFIZ 728 257, ZoRFIC
BIEDRLE L o7z ARG T, BT & & bI12Hi-
WAL NHR % R, BRI BT 2 MERERE D LRk
2B 2 AR % IR T 2%

MEE L VOHE

EEREN
IREERFALDBIVIIR KNGS BIREIE L T /e 2 3
¥ v A Daphnia obtusa (B HIHZEM T A Phyllopoda A ik
Diplostraca#¥ f #i H Cladocera : $R&EFKIH23C) &7 A
IV v (B E BUEMOstracodask 228 L H
Podocopa’® K 2 ¥ % HPodocopida¥® 7 1 A F}
Cyprididae) 4ff (2 7% A4 3 ¥ ~ 2 #i #}Cyprinotinae :

*2 KWFge 0 —%BI%, 12th International Congress of the International Society of Developmental & Comparative Immunology (Kondo
M, Yasumoto S, Takahashi Y: IVH-P3. Morphological diversity of crustacean haemocytes. Program and Abstracts, 130 (2012))
B L OUHAKERSE 120K GERER, EARES SEE: P-02. FRgHO RO LM a2 EE, 21 (2013)) 128w
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23C), VA KRAA

(PREEWEAKIRIBT), VA KA 3
mizunoi (FREEEFAKIR23C) 5 F¥ 7 AH 4 3P v adif
Herpetocypridinae : 4 4+ &~ vV + # # 4 I T v O
Stenocypris major (FRERKIR28T))Y IZEREM 212 FER
WL 720 TRWBRECTHRIL 727 I RY VVargula
hilgendorfii ([FMiHA 2 2 K 2% F HMyodocopaI #+ Ka ¥
4 HMyodocopida), #i5fE CHEA L/z=hK ¥ 4457
2 Neomysis japonica (BRKFHi# 7 7o LH7 I H
Mysida), 7KERFHHEHNTERINL 7277 F ¥ A ¥ Porcellio
W7 7o EAERWHEY 7Y 4 VHH
Oniscidea), THRMHETHRML72F a 7EO — T
Argulus sp. (Fig. 1; SHMIM G R H fiBranchiuras 3 7 H
Arguloida) ™, 7 7 THE3ME (Fig. 2; HEKF WA 7 7 0
IV I HARHE HFlabellifera)) & 7 # XX=Zw 7 7=

¥ v a Heterocypris incongruens (FRHEREKIR
3 ¥ ¥ dHeterocypris attenuate

> 3 Hemicypris

scaber (7l

Thalamita sima (R A > =€ EH B H 905 H
Pleocyemata & T HBrachyura 74 2 #tPortunidae), A
NRANF 7 FI = Sphaerozius nitidus ([6]FH A7 FH =
F}Xanthidae), A 7 % =Pachygrapsus crassipes ([7T H
4 7 # = FlGrapsidae) B L N7 a X 7y 4 H =
Chiromantes dehaani ([{) T HA 77 =#), WAFELD?H
BN L 72 R E BE T 277 T 7 | 7 XA = Eriocheir sinensis

(MTFEATA=F)*, FYHECHRML ¥y <A Y F
1Y) Spiropagurus spiriger ([AHEH¥E T H Anomura ~
Y N7 ) BlPaguridae), EHAEEDLOHEA LY I3 0 =
Paralithodes camtschaticus (/] F H % 7 /N 4 = F}
Lithodidae) % FZERICHV 72,

7T YL VITEREERIZ, TIRINVEZRIATTT

FKIR23C CLEMEIEEE L7z 0 H I FERIZHE L 72,
AFIHM A, EafE % E
DINIC S 3 )

HMEELZ (VIKRY )L, =
CEAYAFFT I, BELATY

Fig. 1. Argulus sp. from threadfin shad Konosirus punctatus. A, Argulus sp. infested the body surface of threadfin shad
(bar=5 mm); B-D, living Argulus sp. (B, abdomen (Note many circulating hemocytes, bar=50 um); C, dorsal
view (arrowheads, abdomen; bar=2 mm); D, ventral view (bar=2 mm); E, pre-oral spine (arrowhead) and

suction cup (%K) of Argulus sp. (formalin-fixed specimen; methylene blue stain; ventral view; bar=50 um) ).

*3 ’@%EWDEPILX

ENHHY, RO d%ﬁéﬂfb‘%b‘fﬂ@Argulus z

1213 A% (suction cup) & & b i2$#t (pre-oral spine) AHESNLZ NS, FavE (Argulus) \Z574E
LM L eho7oDT, /Iiﬁj“f‘ iArgulus sp.& 3%,

M F a2 Ty s AT ZOWAB L OEARMEE, B ERT (2005) BilofT- 72,
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Fig. 2. Cymothoid isopods (living specimen, dorsal view). A & B, Mothocya sp. from opercular cavity of halfbeak
Hyporhamphus sajori (A, female; B, male); C & D, Rhexanella verrucosa from buccal cavity of red sea-braem
Pagrus major (C, female; D, male); E & F, cymothoid from oral cavity of finepatterned puffer Takifugu
poecilonotus (E, female; F, male). Bars=5 mm.

T A (BHFEE)). $9% L 723 /2 ¥ uKonosirus THAICIE, ¥ EHTERILL 723 2 ) Hyporhamphus sajori
pzmcmtus@ﬂi?z WZHFHE LTz Argulus sp.x 3/ A OMPEIZEEL WY I YUY FY) A VED—FE
SREEL, —BedEKT OKIE20C) THE L7z b 3R Mothocya sp.*°, 89472~ ¥ 1 Pagrus major® I EENIZ
vz (AR, 78 NRZY T H = ANRANF Y F FHHELCT\Wi2 ¥ 1 ) T Rhexanella verrucosa® & #1757 L
B, ATH=, 70X HT AN, FavIT2ETANT 723 E ¥ 7 7 Takifugu poecilonotus® [IPENIZEHAE L T
ZBIE ALY P ICEE AR (Y7 ) 727 4 / T i ®» — f (cymothoid from Takifugu
FEEAAE L CKE23C T, ¥ I NN ZIZiZHio Y — poecilonotus EFET) % I\ 720 FRBERICEETE L 72 3
T—=FIv 7 A (¥, 474, ZHH) Z#EEHRELTK ) H 6 i L 72 Mothocya sp.% —WaigEk (OKiE20C) T
IR10C CLEMBIBEE L -0 BIZFEBRIZH L7z v/ FAHL7ZOLEBRICHG. (EGE). ¥4/ 2hFAL

¥ Zowd ) TEOMEKIETTIZ, 10® Japan-Korea, Korea-Japan Joint Symposiumon Aquaculture 2012 (Kondo M, Yasumoto S,
Takahashi Y: PO8. Morphological characteristics of haemocytes from parasitic crustaceans. Program and Abstracts, 22 (2012))
THE L7275, F2TIEARY A THEH I )Y N A Y Mothocya sajorik L7ze LA L, AFaTid, IHASY o BFIZL25-
T, Mothocya sp.& ¥ 5o

N ax T VOMMERNICEET B4 ) THIZOWTIR AR U725 20720 T, ARTIE, 74/ THEHO—M (a cymothoid)
L9 5,
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TWiexF Aot THO—FEDFHFEL TCWizaEtr 7
7 % KiE20C CLEAMBIBEE Lz, MENMP, ’Ka
FEE BEHBE L (54, ) Y65 axr T,
T 7 T 7Ny (W) 18 EIKEE (X
V) whELCIEENAS Y ) T EFRECL CEBRICHE L
720

ERDIER

FFvIVva, hAIVVaM vIRIVBLIOS
& ¥ A FH7 3 1dDavidsonifi” TEEL 720, EEIC
L7z oCNT 7 ¢ asif (JE 34 um) Z21ER L
720 BST T4 215, BAKILLIzOBEE LT,

Argulus sp. ® €7 F VB LA T A4 7T A LIZ#
, ZTHKE L2EER Q%7 vy — T vT e R,
20755 7 F VAT VT FBIO10% (w/v) A7 H—A
ET02MA AV VT MU Y AREE (pH74) ; GA/
PFA) % T L, EHIZHEME AXTEWTL, HHLE
M % FEfE L RE Lz Sk, BiE® Ao AEC
Lo TILHR L CHRIEAREZMERL 72,

TI Y AYEEY A DM, EREKE L EER
(GA/PFA) Tilli7zz L2k —=IVATA FH I ADEIME

WIEWT, EHITAMERIC A AT Y AAE ANTz. i
Lo EEEEIRA L, 7T AF v 7 #HERE IR
LT, JkZkH T15%7 [ & % L 720 Auto Smear CF-12D
(Sakaura) % H\v»T1,000 rpm T4 ML CTE¥ T F &~
WERZ T A R 7 2\ MEk % 3 S8, iz LTIk
BERE L7z,

THINXRZY =, ARART XN =, A=,
JUNRYTANZ, FarIrEIAT=, €AY R
H) B LU FNT =6 OFRILB X ML EHRER O
BUHE & EAGD Y 1CHE U T T o 72,

NS 0K IIMay-Grunwald (MG) {4 % 1.5 ml#k
&, 5 fRIZ/sM Y BRI (DH5.0) %15 mBENN - R
MUTIO Mg L s AR TEROKIEL, WiZk, &
IS TN L OB S TS L 72,

& X

FFT I3, Argulus sp., A IT VA, U
REINBLO=ZAR A7 JNIVEEOMERD & A58
ganrz (Fig 3)o 73 3V ¥ a0MmERICIZEE0S um
LUN o [T o S Ge th B R 25720 & 7z (Fig. 3A).

Fig. 3. Hemocytes of monohemocytic crustaceans in this report. A, Daphnia obtuse; B, Argulus sp. from threadfin shad;
C, Heterocypris incongruens;, D, Heterocypris attenuate, E, Hemicypris mizunoi, ¥, Stenocyvpris major;, G, Vargula
hilgendorfi; H, Neomysis japonica. A-G, eumonohemocytic crustaceans, H, pseudomonohemocytic crustacean.
Note chromophobic granules (CG) in the hemocytes of water flea (A) and opossum shrimp (H), both CG
and eosinophilic granules of Argulus sp. (B), basophilic granules (BG) of Podocopida (C-F) , and both CG
and BG of Myodocopida (G). May-Griinwald staining preparations (A & C-H, tissue section; B, blood smear).
Arrowheads in F indicate lipofusutin-like particles. Bars=5 um.
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Argulus sp.O IMERIZZ2ATIE O Bk (e de 1 ks & of i
TR EiE S/ (Fig 3B). Mk L b ICMAEE
7RI TH Y, MEIEERE0S umbl T, RE LA
03 um T CTH o 7zo MFREMEERIIREE R L2, Wil
DHAIT Y TFEIIBVNTH, MEROAIE I IEMGH
ISk o CilkEME RS 2 GFERMER) 255 5
&7 (Figs. 3C-3F). £ 72, MIBAAEATERIC X > T
0 A ATERY) 70 & OFREMRICAR ST 2 ) KT AT BRI
MAEAT HMERD RO S/ (Fig 3F)o WThon
AIVAFIBTE, FEROKE SIZEE0S umll T
THEE 2B TH o720 7 IR IVIIZ2MEE O M
TR % A ¥ 5 MERARRO 17z (Fig 3G)o 25 ik
&, RO #Eg R (BR05 umbLT) &/ o
PR (E03 umblT) Thotze AV AFHFTIT
EE A0S umBL T O [IE o B etk R 05 S J il g S 7z
(Fig. 3H) o

TIVNY, vk T, TS NRZ Y =B L
CANRANG 7 FH = ClEfEHD (Figs. 4-6), £~ A
YRAY LY INT=TIIAEED (Fig. 7), A 7H =,
JUNYTAFZBLOF 2 T 7 TS X/ = TIE3MH
OMmERAEHE S (Fig 8), Vi & SR ootz
DWW, FNENTH, TEB XOMAIZFEE S 7z,

£ =

PEHE & AR PR 2 MR OB RSO W, 20
DIN=TIFFBIERRE L. T4bE, THED
IMER % F 92 PRz [HMmEKE P38 (monohemocytic
crustacean) = Hi [l Bk # (monohemocytic group)] &
L, BH oMM A3 2 FiddEs [ £k s
(polyhemocytic crustacean) =2 IMEEH (polyhemocytic
group) | & L7z (Table 2)o 20k, EHES" F iM%
TEBEY 2 MER 2 572 W ARSH 2 UG L, S ik
M7 [ ERT F 7% %H (hemocyteless crustacean) =
M¥k#H (hemocyteless group) ] & L, MEIMEREH 38 %
[ B 1 ER A 7% %8 (euhemocyteless crustacean) = .
MEIMERAE (euhemocyteless group) | & [ 1% e i R B H71 7%
48 (pseudohemocyteless crustacean) = 14 M I Ek 48
(pseudohemocyteless group) | (&% L 72 (Table 2).
PR ERIEICIZ S 4 47~ ) 2 Vv a3 Tigriopus japonicus
(B A4 7 > HifiCopepodadi 771 4 7 3 T #ilNeocopepodafk
B I HPodoplea’™ V7% 7 F - A HHarpacticoida) & # F
T v 2T Y ACyclops vicinus (Al EH ¥ 2707 2 H
Cyclopoida) 7298 L, Z4L5 B ICITMEBRIMERISBIZE X
NS, AR b R AR R L I ER Rk o BRI 25380 5 1

Fig. 4. Hemocytes of polyhemocytic crustacean (hemocyte-type I) in this report. Common rough woodlouse Porcellio
scaber. A, basophilic fine granular cell (IBFG); B, basophilic plasma cell (IBP); C, basophilic granulocyte (IBG);

D, chromophobic small granulocyte (ICSG); E, chromophobic large granulocyte (ICLG); F, basophilic and
eosinophilic granulocyte (IBEG); G, eosinophilic granulocyte-type 1 (IEG1); H, eosinophilic granulocyte-type 2

(IEG2). Bars=5 um.
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Hemocytes of polyhemocytic crustacean (hemocyte-type I) in this report. Cymothoid isopod (Rhexanella
verrucosa) . A, basophilic fine granular cell (IBFG); B, basophilic plasma cell (IBP); C, basophilic granulocyte

(IBG); D, chromophobic small granulocyte (ICSG); E, chromophobic large granulocyte (ICLG); F, basophilic
and eosinophilic granulocyte (IBEG); G, eosinophilic granulocyte-type 1 (IEG1); H, eosinophilic granulocyte-type
2 (IEG2). Bars=b um.

—D
L 48

— F — G — H —

Hemocytes of polyhemocytic crustacean (hemocyte-type 1) in this report. Crab Sphaerozius nitidus. A,

basophilic fine granular cell (IBFG); B, basophilic plasma cell (IBP) ; C, basophilic granulocyte (IBG); D,

chromophobic small granulocyte (ICSG) ; E, chromophobic large granulocyte (ICLG); F, basophilic and

eosinophilic granulocyte (IBEG); G, eosinophilic granulocyte-type 1 (IEG1); H, eosinophilic granulocyte-type 2
(IEG2). Bars=5 um.
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Fig. 7. Hemocytes of polyhemocytic crustacean (hemocyte-type II) in this report. Red king crab Paralithodes
camtschaticus. A, small basophilic cell (IISBC); B, chromophobic granulocyte (IICG); C, eosinophilic small
granulocyte (IIESG); D, eosinophilic large granulocyte (IIELG). Bars=5 um.
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Fig. 8. Hemocytes of polyhemocytic crustacean (hemocyte-type III) in this report. Chinese mitten crab Eriocheir
sinensis. A, chromophobic granulocyte (IIICG); B, eosinophilic small granulocyte (IIIESG); C, eosinophilic large

granulocyte (IIIELG). Bars=5 um.

THY, ZoMizid, MRoRHEE L CRmekizH:L§ 2
DTREVPEZEZLNTWS, —J, BEMMEREICIE
VYT 7NV Sacculina confragosa (SRS T
#i Thecostraca®: il F i CirripediafR 5 - H Rhizocephala’™
>~ 0 I HKentrogonida) #%& F i, MER S M ERERH
R D BB SN Twuwn,

RO MEIMERE FE R & b &, SRR & SEEA IR T 5
< ORHRE (MW : 774 v 2) v TArtemia
salinak 7 A ¥ I ¥ Branchinellites kugenumaensis (&
LAY VY A b T H i fiSarsostracait H H Anostraca),
7 VT AT I Y Triops granarius (3E ) A H H

Notostraca), 7" A I ¥ Leptestheria kawachieusis (I7]
WA N H ¥ ~ % 4 = Ui HLaevicaudata), ¥~ 3
Daphnia pulex (FHBAHEH)  F0HM 0 F 3 7 Argulus
Japonicus& ARV 7 I F a7 Argulus caecus (BB F =
v H), 457 LY Lernaea cyprinacea (514 7 3 BiAHT
NA TV TFMBEE EHS 207 ZAH), Pseudocaligus fugu

([fl EH Y 7 * /7 A I & HSiphonostomatoida), 7 I K%
WV Vargula hilgendorfii (HHIEMHI 4+ Fa/SEHI 4 K
V5 H), THRYHA Lepas anatifera (5 H 050 < T 54
5¢ M) I H Thoracida ff H Pendunculata), 7% 7 ¥ R
Megabalanus rosa (I7] b H#:4% HSessilia)) Tid, IMmEkid
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Table 2. ClaSSIflcatlon of crustaceans based on the hemocyte-types (modified after Kondo and
Takahashi®)

Taxonomic group, species, and reference

Hemocyteless

group (HLG)

Eu-HLG

Kentrogonida, Rhizocephala, Cirripedia, Thecostraca, Maxillopoda: Sacculina confragosa”

Pseudo-HLG

Cyclopoida, Podoplea, Neocopepoda, Copepoda, Maxillopoda: Cyclops vicinus”

Harpacticoida, Podoplea, Neocopepoda, Copepoda, Maxillopoda: Tigriopus japonicus”

Monohemocytic

group (MG)

Eu-MG

Anostraca, Sarosostraca, Branchiopoda: Artemia salina, Branchinellites kugenumaensis

Notostraca, Phyllopoda, Branchiopoda: Triops granarius (formerly described as Triops

numidicus®)

Laevicaudata, Diplostraca, Phyllopoda, Branchiopoda: Leptestheria kawachieusis

Cladocera, Diplostraca, Phyllopoda, Branchiopoda: Daphnia pulex”, Daphnia obtusa”

Arguloida, Branchiura, Maxillopoda : Argulus japonicus, Argulus caecus®, Argulus sp. from

threadfin shad Konosirus punctatus®

Cyclopoida, Podoplea, Neocopepoda, Copepoda, Maxillopoda: Lernaea cyprinacea”

Siphonostomatoida, Podoplea, Neocopepoda, Copepoda, Maxillopoda: Pseudocaligus fugu”

Podocopida , Podocopa, Ostracoda, Maxillopoda: Heterocypris incongruens”, Heterocypris

attenuate”, Hemicypris mizunoi", Stenocypris major”

Myodocopida , Myodocopa, Ostracoda, Maxillopoda: Vargula hilgendorfii*

Pedunculata, Thoracida, Cirripedia, Thecostraca, Maxillopoda: Lepas anatifera

Sessilia, Thoracida, Cirripedia, Thecostraca, Maxillopoda: Megabalanus rosa

Leptostraca, Phyllocarida, Malacostraca: Nebalia japonensis

Pseudo-MG

Mysida, Peracarida, Eumalacostraca, Malacostraca: Neomysis japonica”

Caridea, Pleocyemata, Decapoda, Eucarida, Eumalacostraca, Malacostraca:

Palaemonidae: Conchodytes nipponensis®

*Present report.

VEETH Y, T o PREIL M IR F s & h IRV EFEBRICHRERICET 52, #%b EHIC
5%>7 (Table 2)o F72, 5 HEHHD MEROMALEL h ENBHA IV YT, MERIHFHE 0 0 A 8
IRERAMEAES A% 0T, HIMERR FRE O MEERE, 4 BEN/zo FMOMER (F 7213 mEREEERE) E0 47
\Z BRI RE O He# % Table 310" o ARFFRICB VTS, VHTBEIN TV, DEoAZR TR LA, migh
MM ICE T 24T IV ak, EHHMICET VR O MERABIER SN 5 HIEd, BEMERA H R 12

Argulus sp., I A IY v aFEBLOY IRy VI SHEENSL (Table 2, 3), BFIAMEHECTHL T/ N1
DIMIKABE SN, ZOIEDE, TNHDPEEY K IZBWTHIMERIZIFEFHOFRERTH Y, HmERE H 4

(24X N5 (Table 2)o

FFrIvran 12 E 5% (Table 2, 3)0

MERR H 78
MEREREIEFAED I Py anoZF ML Tz, Ly
L, Argulus sp.OIERIZ I 2FEEE O FEAT (8 ge b Fakr &
IFERPEVERERD) HSBigR s, VRESH O Rk (3l Gt Rk
VROONLEBEBOFav iV IFavolEke L8
o TW/Y (Table 3)o 7 IR NDINT T 1 v @Y
Fr & MGYefa L 72K L1, JHImsEA> & Rk 2
HHOWRAIMERIZFED Sz L, BRoOKE S
Y LoFhs, mikiEER L) /B ThH -7z, Th
EAREREE OB ERHAIC LD DEEZONDL,

VIR EAEOWEY BT, WEMOS b, MY
T & R R R S A R, B o IER DS
Do, SZMBRBHEBREICGES Nz, 72, LIMEREH
RO MERL, MERFEOMBIFED W CTRIG T S (MK
. hemocyte-type), IMEKEIE LC5o0H (I~ VA
D S, FIERIL O MER O FRE % Table 412779
Tabb, SHEEOMER (FH AR Mg basophilic
fine granular cell (IBFG), %I EHlbasophilic
plasma cell (IBP), i ¥ 2t ¥ i K Ekbasophilic
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Table 2. Cont.

=
7
KT
kg
I Dl-
=

Taxonomic group and species

Group 1
(PG type I)

Stomatopoda, Hoplocarida, Malacostraca: Oratosquilla oratoria, Harpiosquilla harpax

Flabellifera, Isopoda, Peracarida, Eumalacostraca, Malacostraca: Mothocya sp. from
halfbeak Hyporhamphus sajori, Rhexanella verrucosa’, cymothoid from finepatterned puffer

Takifugu poecilonotus”

Oniscidea, Isopoda, Peracarida, Eumalacostraca, Malacostraca: Ligia exotica, Armadillidium

vulgare, Porcellio scaber”

Amphipoda, Peracarida, Eumalacostraca, Malacostraca: Melita koreana

Penaeidea, Dendrobranchiata, Decapoda, Eucarida, Eumalacostraca, Malacostraca:

Penaeidae: Marsupenaeus japonicus, Metapenaeopsis barbata, Trachysalambria curvirostris

Thalassinidea, Pleocyemata, Decapoda, Eucarida, Eumalacostraca, Malacostraca:
Callianassidae: Callianassa japonica

Upogebiidae: Upogebia major

Brachyura, Pleocyemata, Decapoda, Eucarida, Eumalacostraca, Malacostraca:
Calappidae: Matuta lunaris
Leucosiidae: Philyra pisum
Portunidae: Charybdis japonica, Charybdis bimaculata, Portunus trituberculatus, Portunus
pelagicus, Scylla serrata, Thalamita sima”

Xanthidae: Leptodius exaratus, Sphaerozius nitidus”

Polyhemocytic ~ Group II
group (PG) (PG type 1I)

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

Nephropidae: Homarus americanus

Palinuridea, Pleocyemata, Decapoda, Eucarida, Eumalacostraca, Malacostraca

Palinuridae: Panulirus japonicus

Anomura, Pleocyemata, Decapoda, Eucarida, Eumalacostraca, Malacostraca:
Paguridae: Pagurus japonicus, Spiropagurus spiriger”

Lithodidae: Paralithodes camtschaticus”

Group 111
(PG type III)

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

Cambaridae: Cambaroides japonicus, Procambarus clarkii

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

Grapsidae: Eriocheir japonicus, Eriocheir sinensis”, Hemigrapsus sanguineus, Hemigrapsus
penicillatus, Gaetice depressus, Chiromantes haematocheir, Chiromantes dehaani’,
Pachygrapsus crassipes”

Potamidae: Geothelphusa dehaani

Ocypodidae: Ocypode stimpsoni

Group IV
(PG type 1IV)

Asellota, Isopoda, Peracarida, Eumalacostraca, Malacostraca: Asellus hilgendorﬁi‘“

Stenopodidea, Pleocyemata, Decapoda, Eucarida, Eumalacostraca, Malacostraca:

Stenopodidae: Stenopus hispidus

Caridea, Pleocyemata, Decapoda, Eucarida, Eumalacostraca, Malacostraca:
Atyidae: Caridina japonica, Caridina denticulata, Caridina leucosticta
Palaemonidae: Palaemon paucidens, Palaemon ortmanni, Macrobrachium formosense,
Macrobrachium japonicum, Macrobrachium rosenbergii, Macrobrachium nipponense

Alpheidae: Alpheus brevicristatus, Alpheus lobidens lobidens

Group V
(PG type V)

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

Pinnotheridae: Pinnotheres sinensis

*Present report.
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B G 1 /N BHORL ER
chromophobic small granulocyte (I CSG),
#E ge Mk K ¥H AL Zkchromophobic large
granulocyte (I CLG), WfHEFEE IR M Jikr
Fkbasophilic and eosinophilic granulocyte
( IBEG), 17 & {k 14 ¥ ki Ekeosinophilic
granulocyte-type 1 ( T EGL), 278U #F ik 14 38

granulocyte ( 1BG),

K. Ekeosinophilic granulocyte-type 2 (I
EG2)) 5% n 18, A MmER (NAIET
i 25 VE M fgsmall basophilic cell (IISBC),

g Y M PH K Ekchromophobic small
T W R 0 BEORD BR
eosinophilic small granulocyte (IIESG), #F

granulocyte ( IICG),

% 14 K %7 EReosinophilic large granulocyte

(IELG)) 57 % I#, 3t omek (4
Y 1 15 %7 Ekchromophobic granulocyte (1T
CG), Uf M 1 /N JH kI EReosinophilic small
granulocyte ( MESG), #F Bk M K ¥ % Bk
eosinophilic large granulocyte (IIELG)) 72*
57 A AL # ge P B8 Ekchromophobic
& U B MR OB ORD B
eosinophilic granulocyte (IVEG) 2% D
MmEkA 5 7% 2 VE VH & (357 2288 0
i Bk (0 Bk 4 /N J5 k7 Ekeosinophilic small
granulocyte ( VESG), & W& 4 K i kL £k
eosinophilic large granulocyte (VELG)) #»
7% 5 VENZGHEH S NIz (Table 4)o THIOD
IMERT % A3 2 FE TR En, 1
HIZErry 2 ECE@EOMWE O Y v 2
[ AN G

granulocyte ( IVCG)

Oratosquilla oratoriat
Harpiosquilla harpax, EHKFHA 7 7 10
CEHEWHY 9V AVHERO 7 5 A
Ligia exoticak %+ 5 ¥ ¥ I A ¥
Armadillidium vulgare, 7] £ B EH O 7
¥ A1) ¥ 9 3 Y Melita koreana, Bk H A
fild v EHTREREER 7 V<2
H 7 v < T ¥ #Penaeidae® 7 V ¥ = &
Marsupenaeus japonicus, 7 o I v
Metapenaeopsis barbata¥s & O % v T ¥
Trachysalambria curvirostris, [5) HFaypii H
7 7 ¥ v 2 F HThalassinidea® = 7k » X +
€ 7 Callianassa japonica (A F % 7 V) F

"
7

Table 4. Comparison ofsgnorphological characteristics of hemocytes from polyhemocytic crustaceans (May-Grinwald staining preparation, from Kondo
and Takahashi”)

RE

Group (Hemocyte-type)'

v

I

1T

nﬂl-

=

(Three types of hemocyte) (Two types of hemocytes) (Two types of hemocytes)

(Four types of hemocytes)

(Eight types of hemocytes)

IBFG; B (1,

0.3)

<

IISBC; agranular; basophilic

IBP; B (a few, 1, 0.5);

ICG; C (r, =1.0)

hyaloplasm

VESG; E (r, =0.5)

IVCG; C (rto o, =1.0)

basophilic hyaloplasm

IBG; B (r, 0.3-0.5)

IICG; C (r or rod-shaped,

Hemocyte type’, staining

1.0)

=

ICSG; C (r, 0.3-0.5)

(shape®,

of granule®

—
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(=}
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wn
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.
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IS
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VELG; E (rtoo, =1.5)

IVEG; E (rto o, =1.0)

IEGI; E (1, 0.5-1.0);

IIELG; E (r, 1.0-3.0)

1.0)

=

IIELG; E (1,

fine chromatin-meshed nucleus

IEG2; E (1, 0.5-1.0); dense nucleus

!See Table 2.

“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, eosinophilic granulocyte; EGI1, eosinophilic granulocyte-type 1; EG2, eosinophilic granulocyte-type 2; ELG,

eosinophilic large granulocyte; ESG, eosinophilic small granulocyte; SBC, small basophilic cell.
B, basophilic; C, chromophobic; E, eosinophilic.

r, round; o, oval.
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Callianassidae) & 7 F ¥ v 2 Upogebia major (7 F 3 v
I #Upogebiidae), MH HERTHO X > & v 7=
Matuta lunaris (/17 v 7¥%tCalappidae), ¥~ A 27 4=
Philyra pisum (373 % =FtLeucosiidae), [T H 7
Ft o> A ¥ =Charybdis japonica, 7 5 K A W

]

{1

Charvbdis bimaculata, 77 I Portunus trituberculatus,
5 A7) 2 I 2 Portunus pelagicus, /7 31 5 3 Sevlla
serrata, 7 FH ZFD I 7 FH = Leptodius exaratusi®
¥ % (Table 2)o [IFRIC, WHIZIETE 90 H Y
77 = F H Astacidea7 # %' = ¥ £Nephropidae® 7 x V) #
> a7 A% —Homarus americanus, HHH A T ETH
Palinurideaf +t x ¥ #|Palinuridae® 1 t L ¥ Panulirus
japonicus, WHHERETFTHAYY FHVROY~< MR
X N4 Pagurus japonicush & £11% (Table 2). F 72,
ST BRI ) A= T H T A ) A =R
Cambaridae® W) &' = Cambaroides japonicus& 7 * 1) 7
W) = Procambarus clarkia, W BERETHA U=
B o € 2 X H ZEriocheir japonicus, 1 V T =
Hemigrapsus sanguineus, 7 7 % A V 7 = Hemigrapsus
penicillatus, & 7 4 V7 =Gaetice depressus, T 7T T =
Chiromantes haematocheir, [~ H 47 77 =FlPotamidae
DT H = Geothelphusa dehaani, W T H A F 7 = F}
Ocypodidae® & 7 % = Ocypode stimpsonid’lg L, IVHEIZ
W H Y90 H 4 b v A =¥ HStenopodideat kb X
T UFlStenopodidae® F + ¥ A T ¥ Stenopus hispidus, 7l
i H 2T T HCarideaX ¥ T YRt Atyidaed vV~ F X v T
Y Caridina japonica, I F+ I X < I Y Caridina
denticulata, X'V X< LY Caridina leucosticta, 7T H
7 + 4 = ¥ FlPalaemonidae® A ¥ T ¥ Palaemon
paucidens, T ¥ F H AT I Y Palaemon ortmanni, 3 F
2T ITY Macrobrachium formosense, ¥ 7 7 7 F 7
T =75 AT E
Macrobrachium rosenbergii, 7 F 7 T ¥ Macrobrachium
nipponense, AT H T v K7 T EF}Alpheidaed 7 v R
I ¥ Alpheus brevicristatus& A ¥ 7 v K 7 I ¥ Alpheus
lobidens lobidens?®, VHEZIZTHHIINHEHEETH A
7 L # = #}Pinnotheridae® % 4 ¥ © ¥ ¥/ Pinnotheres
sinensisH e 1% (Table 2)o
AWEICB WY, HRETHTFIHO Ty xR=y
=, TV I RO IRORRZH LRI, FTH
T FH RO ANRZNRG 7 FIHZLE DR oA T F A=
LB IHICE L7, v AX ALy Iny=

I ¥ Macrobrachium japonicum,

Ho ¥k 45

Sikes|

X, SHOHBEEFCLRRETHIZET 520507 MA)#
DY PRV FAY) EREBICTRIIC, HETHA A=
Bosoh= saxvrAHN=BL0FayvITrEs X
HZNEEI AT =70 EDA T =R OREHH L W U < IEE

s (Table 2). F72, EWHT7 IV ATHHED
I AYE, MHEEBEHOY A THEMEIE, FHY
FUAVHEHD T FAIRA N T LY LRI TR
J&L7- (Table 2).

ik LY D, 7o FESME I XA VHA
Asellota® I X &3 Asellus hilgendorfill> B\ C, 2FEFHD
MERDSBE SN, I R L VL MBRE FREH O V254
&n7z (Table 2)o 7z, AWFRRICBWT, 770TY
FH7IBOZF A YT IIE RO MERD TR &
Nize TNHOFRIE, 770 EHOPFIZBWTL &
YT € LHTWEO PR LR, MERBIC SRS D
BTERRLTVD, S50, ST &, L g
ANEZGHE L7 F A T CHEFRRICT F H T ERHE
3% H 7 LT ¥ Conchodytes nipponensis\Z1FEFH D Il EK D
ABIELT5 (Table 2, 3)0 =R AHHFT7ILAI L
IR EHICIHEHOMERER L TWwDL I Enb, ffEL
FAEY IS L7zt &, S s FIREEI IR P 2 43
Hahsd, LaL, SlLER ORHO (AR#ESS
) PHERECTHIE, =RV AHFHFTILHILIED]
TR O MER L, SR BHIAH O VIS O MK & 13 5 2
O, BEEEOmER (1H8) 2 SMEEARMA LR 1
TR0/ bEZHND, L2 > T, AWETIE, =
KA TIL A7 VIR, BHEPHNEE V72
HMERR AR & XPI$ 5 72012, HIMERAIRZEY [ 5
Hifi Bk A 7% 40 (eumonohemocytic crustacean) = H.Hi
MEkFH (eumonohemocytic group) | & [ 143 I kA H 5%
$8 (pseudomonohemocytic crustacean) = % H Ifl Bk 48

(pseudomonohemocytic group) ] (24 L €, SRR
SR & o 72 HUMERAY FH 7800 2 P BRI e & L
ZARVATHT I LD 7 LT R BHMERI R 25
L7zc (Table 2, 3),

P FEOBIZEHRB L UEBED»L, AROMFICLREL L
T L EAEY OREE, DT o) LT 5, OFBED
BRI O MK E F 2 EHRIMERTFRETH -
720 OEHHA o A & [R) L EE o Sm o 5T
2B T ko EE O (ERFEO G KAL) | 2
BIh, ZoMmKIIETH-72, @1 BOHEME,S
IR L 72 SRS BT, TIEROFE B O (fEk
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OYHAL) | AHEZ Y, MEROBEEI SR U 7o
RHOOMP L LT, SHESLHENEOBAERIZ W
T, MEAETHHE101%, MERGIEECTH 5 2 & 5%
P55 (Table 2, 3)o IE@IE, FAAMECHAE (3 /)
T UH) OBARIZBWT, MEKIZIEHETHY (Table
2,3), I/ NTZEHEHIIOWTHIH L -thoskEHE (b7
TUHA R BT ) 0% IS omEk (18 28
BlEsns ik b (Table 2, 4; Figs. 9, 10) o GO D
Bk, 770 FECIREWAEY S VA VEHEA
Rl H B L OIS TS, [ ER7 I HCIEHmERE
(PBHIMERA) A58 54 (Table 2, 4), & >» TV EHYT
BWHTIX, ZmEfMe L GooR (I ~VE) &2
12, HUMERAY (B HLIMERE) 2SI a5 2 L (Table
2-4; Figs. 9,10), I~ V¥ X O HIMERRD ({5 H k)
DOIMEOMEEL T T NDL TMEY L% w2 & (Table
2-4), THWHIZBWT I BIEEGEHNE 7 V< ETFH (R
MAH) OAZSLT, FANEROT 7Y v I THRERT
HIChBIssn s 2 e %IF5h s (Table 2; Fig 10).
Thbb, P EbTHWHTIE #£THHEOLBHED
M I MTHY, FTHICRSNAMMoMmEREE, TH

Hexapoda

Remipedia

— Cephalocarida

Branchiopoda
(EM)

R}
Xg

nﬂl-
=

NTHRZ >7-%EThsrEE25NDS (Table 2 Fig.
10),

PLEDIRGH 2 BFET 572012, SHOIZoWTiE, St
POFRBMETRES R, NHHE CSHWHEM
Hexapoda (=JA58DRIUH)) L BERMEZTEWRT 2 470
FIUMEN YT TEM (Fig 9", %5 I HRMMED
TFE SN WM& F 15 HIEHE MPentastoma, b
7 Ui fiMystacocarida & Ok X ¥ K1) = Vi
TantulocaridalZ & £ 4, FREE DS HIEE 2 HRZH O MERIZBY
FAMADPLETH LY, T/, PREHE SRR
i (H R Pancrustacea) %NS 5 2 L0 RE ST
WHZ s (Fig 9%, BRI A ABEIZOWT b~
B WHN D %o WD EARHODRFED 72D 121F, HIKH
& END 5 COFERIZOWT, MIRIBREL AL
CTERS VA (EIRPEHIE3 EHI4B SN T
V5% (Table 1%, ##& & 59810 H W 7 Bk FIE2 1
HAHIZT &S, THHHNIEBWTY, £y Y2 Ef
Polychelidae (f £t ZE T H) IZ2WTIEMFETLTwi
V), IRFH@O [MEREOHEEL] LG [IifiEkiED
HAiAL] 2TEETHIUL, RO U7 B R YA RIS

Eumalacostraca

| —

Peracarida (P, PM)

Eucarida (P, PM)

r— Malacostraca

L— Thecostraca
(EM, EHL)

——— Copepoda
(EM, PHL)

—— Ostracoda (EM)

Pentastoma,
Mystacocarida

— Branchiura(EM),—

Hoplocarida (P)

Phyllocarida (EM)

— Maxillopoda

Fig. 9. Molecular phylogenic trees of Pancrustacea (modified after Regier et al.'¥) and hemocyte-types of crustaceans

(Table 2). EM, eumonohemocytic crustacean; PM, pseudomonohemocytic crustacean; EHL, euhemocyteless

crustacean (without hemocyte and hemocyte-like granular cell); PHL, pseudohemocyteless crustacean (with
hemocyte-like granular cell); P, polyvhemocytic crustacean.
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Fig. 10. Phylogenic hypothesis of decapods based on the cladistics analysis (modified after Dixon et al'”) and hemocyte-
types of decapods (Table 2). I-V, hemocyte-types of polyhemocytic crustacean; PM, pseudomonohemocytic

crustacean.
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