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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 (T halamita sima, Sphaerozius
nitidus, Eriocheir 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 as branchiopods, maxillipods and primitive
malacostracan (phyllocarid).

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
I) 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.

Key words : Crustacea, hemocyte, morphology, diversity, evolution
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B A" d — % 4T 8B W M Branchiopoda, A 7 7T UM
J1 ¥ 9 T ¥ #Cephalocarida, %E B
Maxillopoda® & UF#k F #iMalacostraca @58 I 33E S T
V3 (Table 1)*?, & SHHIIBVLCINLHEOD
L, BREFESLRUEHRE, EHHEBLUCRFRCET S
e ORFEE AT, HREORK & MRBEORRIIC
DWTEHERBLZY, $4bb, OFREOHEEIL
EEOMREA L, SBHEPLHNETIR, BAEICBY
THMHRIIIEETH 5, OHFEHOMEERICBVTHIM

Remipedia,

HKEIEECTHY, COREIFERNKTEOBERT
& % 1 /) )X YNebalia japonensis ( 1 J )\ T ¥ il
Phyllocaridai B8 HLeptostrraca) (22T #AN TV 5,
@I/ NTERIZOWTHER L 2 DOKFEHOILBOMSE
HeRmskoBEEOENM Y, o8I, ¥ v a8
(b 7 = ¥ B fHoplocarida B H Stomatopoda) %, H
#k F M #EumalacostracalZJ& 4 5 & ¥ & ¥ I HEucarida
18 HDecapoda® T d B & 7 VW~ T U (REE
HDendrobranchiata? <= T ¥ T EPenaeidea) <° 7 BE i
7 2 1 x. ¥ | BPeracarida® % Ml HIsopodad & U5k B
Amphipodak Vo 7-BBREIZELEDOONE TEBTHA
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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

Vo @FTHETEMEOBEEORNP LD L LDBEDD
R ENEY, BHEWTWEO Vv EEPIET
by, THEIERKTHLLINTWEI LS, D
B (I~VE) &, THEOFTEI 4% THS
Jo \EDRFZMIET B 72012, L ORBHEIIONT
IMEkFEE & MERDBE B Z AL 2257, Z RIS
BESDEE o7z, AHETIE, BHE™ LLbiHk
B NIMRE R, FREICBT 5 MBREROSRM
ZET A REEIRET ™Y,

MRBIUHE

SKERENH)
KRERFERDBNFEAKEIZEAERH L Tt F¥ 3
¥ ¥ 3 Daphnia obtusa (SEMIHAZEM FE A Phyllopoda B 7% B
Diplostraca#% 1 8 H Cladocera ; $R&EKiE23T) &4 4
IV v o (MM E B EMOstracoda® F a2/ L H
Podocopa® F =2 ¥ % BPodocopida¥® 7 vV R %
Cyprididae) 4% (2 7 # 4 3 ¥ >~ 2 EHCyprinotinae :

*2 AKBfgEm—58iL, 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))
BLUHAKERBESAE2EARSE (TEEM, ZRGEE% S0 P-02. FREOMKROLSHNE. FEESE, 21 (2013)) 28w

Tiﬁ% L7,
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A KA 4 I3 Heterocypris incongruens (FRERIKIR
23C), 74 KH A I T v THeterocypris attenuate

(FREBKIRIST), ~IVA KB A I Y ¥ IHemicypris
mizunoi (FREFFAKIRE23T) s ®x¥ 7 A K4 3V v o
Herpetocypridinae : 4+ 4 &~ Vv + b 4 3 ¥ » 3
Stenocypris major (FRERIKIE28T))Y 1IHREBRKICER
WZHEL 720 TEMIBRETHRIL Y 3K ¥ VVargula
hilgendorfii ([EHEAA I 5+ K 275 HMyodocopal # Fa ¥
% BMyodocopida), BAHAE THEA LR 1 4H7
3 Neomysis japonica (B HEHM7 7o LAT I H
Mysida), KERKZRMERN THRILL 727 5 ¥ A Porcellio
scaber (FHEM 7 70z Y FESHMET Y 4V EH
Oniscidea), THMHETHRBM L -Fa v EO — &
Argulus sp. (Fig. 1; A AR E B fBranchiura¥ 3 7 H
Arguloida)*’, 74 / 1431 (Fig. 2 H#HKHEE Y 7 0
IVt HARE BFlabellifera)) & 74 1 XXR=v r =

Thalamita sima (FHEMEA > LY LB+ ERIIHEE
PleocyemataZd & T HBrachyura# ¥ I #lPortunidae), A
NANG T FH = Sphaerozius nitidus (FTHA 7 X5 =
#Xanthidae), A 7 # =Pachygrapsus crassipes (] F H
4 7 = FlGrapsidae) B L 7 o X v ¥ A F =
Chiromantes dehaani (R T B A 73 =), BAEEZNS
BEALEREF oY T2 E 2 XH = Eriocheir sinensis
(AFEA7H=F)* FHECERRLAL YAV
711) Spiropagurus spiriger ([F1HE HERET B Anomuras ¥
X K ) BlPaguridae), HHREENLEA LY I NN =
Paralithodes camtschaticus (W] T B ¥ 7 N7 = #
Lithodidae) % ZEBRIZH 72,
TV AVEREERIZ, YIRS NEZRYAFTFT
I IKIE23C TLEMBIBEE L 2D HIZERICHE L 720
WEMM R, et EREL: (VIKF L, <
) v6E (BRIEEE) S =AVATFT I, BfLATE

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

¥ ooF gy HEEEICIZTAE (suction cup) & & I8 (pre-oral spine) BEEEINLZ RS, FavE (Argulus) \ZH3E
ENBEHY, Y ICHBEIN TV VTNOArguluslZ bHEL L 2D o720 T, AR TldArgulus sp.X$ 5o

MFay Ty Ry AHZOWAB L CEARIERIZ, BEsREWERT (2005) FIIAT> 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 o (BFISEEE)). $94E L 723 ) ¥ aKonosirus
punctatusDEFRIZEFE L T zArgulus sp.% 3 7 20 Hh
LEBEL, —BREEKP (OKE20T) TEF L7205 FEERIC
F 7 (ESEE), 79 SRV A H o ANRANF T
H=, AJH=, 7axXyr A= FayITrEIXN
ZBIPEYYA Y P ) ICRRERE (Z YT V)

% BEAAEE L CKIRE23T T, ¥ I NN IZEHERO Y —
7—FIv s R (¥, 44, ZHH) 2EEHEELTK
R10C CLAMBIZAET L0 b IZERICHE L. v/

THEICI, ¥ EHTIRILL 72 3 ) Hyporhamphus sajori
DEECFELTVWAFIYVY FYLAVED—
Mothocya sp.*°, 89372~ ¥ 1 Pagrus major® AREPNIC
FHE L T\W/24% A/ ZRhexanella verrucosa® & V15 L
72 3E ¥ 7 7 Takifugu poecilonotus® AERIZZHAE L T
72w 4 / T 48 © — & (cymothoid from Takifugu
poecilonotus E ) ¥ B 72, BREEERICEEE L7 3
) 2 S BR% L 7zMothocya sp. % —BiEK (KiE20T) T
FE LOLERIZHV: (EGEH), ¥4/ T8FEL

¥ -owd s EOmEKIET T, 10" Japan-Korea, Korea-Japan Joint Symposiumon Aquaculture 2012 (Kondo M, Yasumoto S,
Takahashi Y: P08. Morphological characteristics of haemocytes from parasitic crustaceans. Program and Abstracts, 22 (2012))
THE L7225, F2TREAYA ) LS )Y Y AV Mothocya sajorik L7ze LAL, FETIE, WASY ORMBIZLI20-

T, Mothocya sp.& ¥ 5.

¥ OEr 7S OOBERNICEET ST F ) THIZOWTII AR Y 5202720 T, FETIE, Y4/ ZHEDO—F (a cymothoid)

£S5
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TV T A Lot ) THEO—FEPFEL TWIEY T
7% Kig20C CLEMBIRAE L7z, MEMMHIE, Be
R EEERELLE: (544, Y65, A€V T,
T - 77N (MIREHE)). BEIKE (FFLY
V) AL COBERPS Y4 ) TEZ R L TERBRICHL
720

EARDIER
FFvIVva, hAIV VA vIRILVBLIU=
& ¥ A FHF 7 3 idDavidsonit? TEELZDb, EHE
L7etfoTNT 7 4 val@ygf (BE&4um) 2fERL
720 BiNT 74 Uik, BAKMELAOLRE LT
Argulus sp. ¥ F VB LA F 4 FA T A EIZ#E
#, ZHKE L-EER Q%7 vy — VTV Te F,
2% 7 F VAT VT FBEUL0% (w/v) AZH—2A
ET02MA IV IVERT MY Y AEER (pH74) ; GA/
PFA) 2T L, EHICHEIEZ A ATHRIL, B LA
Mm% EEREBE L. IhE, Wi L ABOFEC
Lo THHE L CRIERZ R L 72,
TITVAVERIETA ) ML, BAREIKSE LIZEER
(GA/PFA) THi/zL7zR— VAT A FH T ADERS

FICEWT, EHICHEAIICAZATEY AHE AN, it
WL7zMExBEEREBEL, 77 ATy 7 BEBRE IR
LT, JkKH Tl54 M E%E L 72o Auto Smear CF-12D
(Sakaura) % F\v»T1,000 rpm T RELLTEY S F &
B 5 A AT AZMERE A7 S 2, BE L TIEEHR
EARE L7,

TINRZYFHZ, ANRARGTIFH=, A 7H=,
7aNYEAHZ, FavITrsEZ AN, oA ¥F
A BLOY FNTZh 0 ORINB & CIEREHRERDO/E
Bl L BB EY 1T L TiTo 72,

Z N5 O EARIIMay-Grinwald (MG) & % 1.5 ml#
¥, 5O RICY1sMY v BEREER (pH5.0) %15 miEHN - %
ML TLOMgRE Lz REKTREOKSEL, RER, &
B g THE A L RS TBIE L 72,

f& R

FF 3V va, Argulus sp, WA IT 3, U3
R NVBLOZR YA HFT7 JNTIVERE O MERD A D3
gZ2a3n7: (Fig 3)o 77+ 3I TV aOMERICITEROS um
DToMEo#EEEENSRD S 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 mizunot, ¥, Stenocypris major, G, Vargula
hilgendorfit, 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 MBI \G2FERE O JERL (HEGLE LR & I BR
HrER) PEE sz (Fig 3B). MM & bICHEE
ZIIIMETH Y, AIEIEERS umll T, BEIERE
03 umPLFTHh ol HERMEEHEREZE L. wWTTh
DHAAITVAFFICBVTE, MIEROMBBEIIIMGHRE
& o CilE @A 2 LN (FEEEER) 12 H8is
&Nz (Figs. 3C-3F)o F7:, MBS EEMERIZEL - TH
DAATERY 7 & OFRE/IMRICHE T 5 ) KT AT U HRE
RAEETHMERDFHICFED SNz (Fig 3F)e WITNOA
AITVVIFIBNTH, FHOKE SIZRES umbLT
THEF ZIIHEETH o720 7 I RS VIZiZ2MEEOH
TR % K3 5 MDD bz (Fig 3G). £ 5 kL
i, KEIO#EgEEN (EZE0S umllF) &/ ifiEE
HER (B3 umlTF) Thotze =RV AHHFTIT
EEZ0S umB T O MR OH BN S S HBRE S Nk
(Fig. 3H)

TSVLY, vE ) LM, TINNR=Z YT H=BX
CANANRE T FH = ClE8MEEHD (Figs. 4-6), ¥ <4
Y RHY Ly INH=CTlRAEED (Fig 7), 177 =,
ZUNRYIAFZBLNF 2y T7 £y XK= TI33EHE
DMmERAEE SN (Fig 8), ik L BiEY OoEMEEICHE
SWC, FAFNIE, TEBIUCTEICREE SN,

£ K

T L WY 1R MR OBEIMICE ST, 20
DIN=TWZFIFHIEEREL, ThbbL, TEED
Mm% A3 2888 [HIOREFBE (monohemocytic
= B |fl 3k 38 (monohemocytic group)] &
L, B#onxkEr2E32HR88% [£0RE FRE

(polyhemocytic crustacean) =% 1MEkEE (polyhemocytic
group) | & L7 (Table 2)o #0D7%, EHES" XM+ %
TERT A MEREF2 2 VRREZBEREL, ThoP%
A [EMBRTHEZEE (hemocyteless crustacean) = 4
MmEk$E (hemocyteless group) ] & L, #EIMERAIHRREE %

[E 4 MERA A% 38 (euhemocyteless crustacean) =&
EMERIE (euhemocyteless group) | & [{AHHEMBRAE H Rk
= {5 & I 2k 48

(pseudohemocyteless group) | (Z#i43 L7z (Table 2)o
BEEMEREIIZ YA ¥~ 2V v a Tigriopus japonicus

(# 4 7 > BEHCopepoda#i & 4 7 > T #iNeocopepodaf’
) _E HPodoplea’» V78 2 F 7 X HHarpacticoida) & % F
A v XY ¥ ACyclops vicinus (A LB ¥ 27072 H
Cyclopoida) 2%& L, TS HRdEICIIESRIMERIZEIE &
NS, HE% R I MERRE O BRI ASER0 &

crustacean)

#8 (pseudohemocyteless crustacean)

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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l s ‘I‘

A — B — C — D P

Fig. 5. 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=5 um.

E L ey

Fig. 6. Hemocytes of polyhemocytic crustacean (hemocyte-type I) 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.

l :

— C

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.

TBY, o, MEOREE LCizmEkicHEYS T 5
DTRZRVHLEEZLNTWEY, —F, E#EMIKEIIZ
YV E YT 70 LY Sacculina confragosa (FEBIFR¥E H
# Thecostraca® i F #CirripediatR 58 | H Rhizocephala?
v b B I HKentrogonida) 25& F i, IMBkD M ERERIH
R D B E N T,

FREOMIMERE R AR E, (WS EREICET 2
ZCORBE (BHM: 794222 v TArtemia
salinak R 77 & ¥ I ¥ Branchinellites kugenumaensis ( &
HIZH VY R b T HiffASarsostracalE ! H Anostraca),
T YT H T I ¥ Triops granarius (EH H T H H

Notostraca), b 5 A I ¥ Leptestheria kawachieusis ([7
WA E ¥~ A 4 L Y H HLaevicaudata), I ¥ v I
Daphnia pulex (FIEFATE) ; FEMME : F 2 7 Argulus
Japonicus& R 7 I F 3 7 Argulus caecus (BERTET 3
v H), 454 LY Lernaea cyprinacea (51 A4 7 3 TARET
WATTHBMER X297 A8), Pseudocaligus fugu

(MEBY 7%/ Ak A4 HSiphonostomatoida), 7 I &%
WV Vargula hilgendorfii (EHEEMI 4 Fa/XEHIF Ko
Y& H), THRYHT A Lepas anatifera (B850 T =B T 4
52/ I H Thoracida’§ # H Pendunculata), 7 71 7 ¥ K
Megabalanus rosa ([F] L B A% BSessilia)) Tid, IMEkIE
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Table 2. Classification of crustaceans based on the hemocyte-types (modified after Kondo and

Takahashi®)

Taxonomic group, species, and reference

Eu-HLG

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

Hemocyteless

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

Pseudo-HLG

group (HLG)

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

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”

Eu-MG

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

Monohemocytic

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

group (MG)

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

Mysida, Peracarida, Eumalacostraca, Malacostraca: Neomysis japonica”

Pseudo-MG

Palaemonidae: Conchodytes nipponensis

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

6)

*Present report.

IFEETHY, Tho PRAEIEMKBRRBICHOESL
%357 (Table 2)o F72, Zh 5 FREEDMEROMILE P
CRERAEES 5557, BImBRE RO MR, &
ICHERITERE O LB % Table 312/R Yo REFFEICBNTD,

HMHRIBET AT F IV yak, EHRICET A
Argulus sp., A ITVaBEB LY IR ¥ NVIZIF1EE
OMESBEEN ZOZEHD, ThOOBRFEEIH
MERE FRFEICAHEESNS (Table 2) £FTIVVID
MEFEIFABNI VY anFn L EUL Tz, L
L. Argulus sp.®MERIZIE 2FEE DO FER (HEGeEaR &
FERMEMIER) PEES K, VEEOEN (Eytmh)

PROOLNEFABOF a v LRV Y IFavOMmKE IR
B o T (Table 3)o 7 IKRY VDIST T 1 ViHEE)
Fr & MGH L 78R 112, FBIEARY & Rk
HOBEMAMEKICED bz LarL, EROKE 213,

YR EokFD, GROEERLY)GAETH-72, Zh
i, BREEREOEERHACLZbDEZEZLNS, ¥

IR NVERBICERERICET A0, BE25LHIZHHE
ENDBHA IV IETE, MIKCEHEEMERN O A A8
BEINz, ABOMmMER (F /213 MBREERME) X547
VETHREEN TS, ULORMETRLA, MiEh
WCIEEOMIRAEE S b Fagdald, HImkE PREIC
FHEEND (Table 2, 3), FHMWEKFEETHL 2/ N1
BT HMIRIVEEOBENIRTH Y, HIMIMKEPRE
A EN DY (Table 2 3)o

WL BBOHREY BATE, KFRAD) DL, YU
EME EREEMRICET 2 BRI, BEE kR
BHbhh, ZIIRMEBECHEINL, T2, LMmMBAR
FeEomEkE, MmEREOMBIZE SRS s (s
#l, hemocyte-type), IIERKEIYL L5200 (I ~VEH)
PG SN ZMIE O MIKOTRE % Table 427K o
Thbb, SEEOMER (FEEEHMEAEEbasophilic
fine granular cell (I1BFG), FE#EMF EMzbasophilic
plasma cell (IBP), #F & # ¥ ¥ H Zkbasophilic
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Table 2. Cont.

Taxonomic group and species

Group 1
(PG typeI)

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:

Penaecidae: 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 I
group (PG) (PG type II)

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 1
(PG type II)

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 IV)

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
Palaemonidac: 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.



Table 3. Comparison of morphological characteristics of granules in hemocytes from eumonohemocytic and psedomonohemocytic crustaceans, and in

hemocyte-like granular cells from pseudohemocyteless crustaceans (May-Griinwald staining preparation)

Species!
As Bk Tg Lk Dp Do’ 4j Le
Staining and  Two types Onetype Onetype  One type One type One type One type One type One type One type
shape E,r 2 or o Crr Cr Artoo C,r(X0.5) C,r(£05) C,r0.5) C,r(£0.5) B,roro B,roro
(size, (3x12); C, (203)  (S05)  (1.4inlength) 03); C, r or (£0.5) (£1.0)
pm)? r (0.5)
Sample? BS BS BS BS TS TS BS TS

Modified after Kondo and Takahashi®.

' As, Artemia salina (brine shrimp); Bk, Branchinellites kugenumaensis (fairy shrimp); Tg, Triops granarius (tadpole shrimp); Lk, Leptestheria kawachieusis (clam shrimp); Dp,
Daphnia pulex (water flea)” ; Do, Daphnia obtuse (water flea); Aj, Argulus japonicus (fish louse); Ac, Argulus caecus (fish louse)® ; A sp. Argulus sp. (fish louse): TJ, Tigriopus

japonicus (marine copepod)” ; Cv, Cyclops vicinus (freshwater copepod)” ; Le, Lernaea cyprinacea (anchor warm)”.

ZPseudohemocyteless crustacean.

3 A, amphophilic; B, basophilic; C, chromophobic; E, eosinophilic; o, oval; r, round.
“BS, blood smear: TS, tissue section (paraffin embedded section).

*Present report.

Table 3. Cont.

Species'
Pf Hi Hd" Hm" Sm’ 17 La Mr Nj Nef>* Cn?
Staining and Onetype Onetype Onetype Onetype Onetype  Two types Two types One type One type Two types One type Two types
shape B,roro B,roro B,roro B,roro B,roro B, r (K0.5); B, r (=03); C,r B, r (£0.3); E, E, r (£0.5)E, r
(size, um)®  (£0.5) (£0.5) (£0.5) (£0.5) (£0.5) C,r(1.0) C,r(£0.5) (0.5) (0.5) r(£0.3) (=20.5) oro(=1.0)
Sample* TS TS TS TS TS BS TS* BS BS BS TS BS

Modified after Kondo and Takahashi®.

YPf. Pseudocaligus fugu (parasitic copepod)” ; Hi, Heterocypris incongruens (freshwater seed shrimp); Ha, Heterocypris attenuate (freshwater seed shrimp); Hwm,
Hemicypris mizunoi (freshwater seed shrimp); Sm, Stenocypris major (freshwater seed shrimp); Vh, Vargula hilgendorfii (marine seed shrimp); La, Lepas anatifera (ship
barnacle): My, Megabalanus rosa (balanomorph barnacle); Nj, Nebalia japonensis (leaf shrimp); Nej, Neomysis japonica (opossum shrimp); Cn, Conchodytes nipponensis

(pontoniine shrimp)?.
Pseudomonohemocytic crustacean.
®B, basophilic; C, chromophobic; E, eosinophilic; o, oval; r, round.
:BS, blood smear: TS, tissue section (paraffin embedded section).
Present report.
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# g o BE M BR
chromophobic small granulocyte (I CSG),
# 4 % K B AL Ekchromophobic large
granulocyte (ICLG), IFRZEMTFEEMEEM
Ekbasophilic and eosinophilic granulocyte
( IBEG), 1 4F B & ¥8 & EXeosinophilic
granulocyte-type 1 ( TEGL), 2B 67 Ee 4 48
#L ZReosinophilic granulocyte-type 2 (I
EG2)) »b7%5n 18, AEEOMmER (NEF
5 2 4 #H Fismall basophilic cell ( ISBC),
g 2« & ¥ K EKchromophobic small
granulocyte ( ICG), I B T/ B8 & Bk
eosinophilic small granulocyte (IIESG), #F

granulocyte ( IBG),

B 14 K BE 7 BReosinophilic large granulocyte

(IELG)) 5675 1R, 3EEoOMmek (&
Y 1 B8 K7 Bkchromophobic granulocyte ( II
CG), o B % /b B #I EReosinophilic small
granulocyte ( IIESG), #F B ¥ K B A 2k
eosinophilic large granulocyte (IIELG)) #»
b7 % ME, %% 8K Bchromophobic
granulocyte ( VCG) & 1F BE M B % Bk
eosinophilic granulocyte (VEG) ®2f&¥H D
Mk, 622 VE, NVEIEERELR L2880
I ¥k (4F BR 1 /I $8 4L BReosinophilic small
granulocyte ( VESG), #F B 1 X B % Bk
eosinophilic large granulocyte (VELG)) #»
LA VENGEES NS (Table 4o TE®
M¥RE 232 PR THICaESN, 1
HIZE M ZTYEMOWBE DY ¥ 2
Oratosquilla oratoriat + o ¥ +x 2
Harpiosquilla harpax, EFFEHH 7 7 oL
CLHEMBY IV AYERBO 7 F LY
Ligia exoticak *+ H ¥ v
Armadillidium vulgare, W] L BB B O %
F X ) ¥ 3 ax Y Melita koreana, BEFH
WA FETHERBEE LT
H 7 V< x ¥ FPenaeidae® 7 ¥ ¥ = ¥
Marsupenaeus japonicus, 7 A T ¥
Metapenaeopsis barbatas & U° % Vv = ¥
Trachysalambria curvirostris, [ BI29NE B
7 77 % 2F HThalassinidea® = & » A F
E 7 1) Callianassa japonica (A F € F7 V) %}

I n v

Table 4. Comparison ofg)morphological characteristics of hemocytes from polyhemocytic crustaceans (May-Griilnwald staining preparation, from Kondo
and Takahashi®”)

Group (Hemocyte-type)*

I

1I

(Four types of hemocytes)

(Two types of hemocytes) (Two types of hemocytes)

(Three types of hemocyte)

(Eight types of hemocytes)

IBFG; B (r, =0.3)

[ISBC; agranular; basophilic

0.5)

=<

VESG; E (z,

1.0)

<

IVCG;C(rtoo,

1.0)

IIICG; C (z,

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

=

hyaloplasm

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®

IIESG; E (r, =0.5)

ICLG; C (r, 0.5-1.0)

size (um)) and other

IIESG; E (r, =0.5)

IBEG; E (1, 0.3-0.5) and B (, 0.3-0.5)

IEGL; E (r, 0.5-1.0);

charcters

1.5)

<

VELG;E (rtoo,

1.0)

=

IVEG;E (rtoo,

[ELG; E (r, 1.0-3.0)

1.0)

=

IIELG; E (r,

fine chromatin-meshed nucleus
IEG2; E (r, 0.5-1.0); dense nucleus

'See Table 2.

2BEG, 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; EG1, 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.

3
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Callianassidae) & 7 F ¥ ¥ 2 Upogebia major (7 F+ 3+

I #Upogebiidae), MHEEBEETHOXF v & 4=
Matuta lunaris (515 v 73#Calappidae), < A3 T H=
Philyra pisum (373 # =#Leucosiidae), [EFH A3
# D A ¥ H =Charybdis japonica, 7 ¥ K 4 T H =
Charybdis bimaculata, 7 I Portunus trituberculatus,
% A 77 2 I X Portunus pelagicus, / 33" 7 2 Seylla
serrata, F 7 X RO F 7 X H = Leptodius exaratush’
B35 (Table 2), ARz, TE M BRIER Y
A = H Astacidea7” % ¥ .= ¥ #Nephropidae® 7 X 1 %
v 07 R¥ —Homarus americanus, FIEH A T Y TH
Palinuridea -+ * ¥ FlPalinuridae® 1 -+ L ¥ Panulirus
Japonicus, FIHEHEZERTHFR Y FAVHDOY < MR
X F4) Pagurus japonicusi’e s (Table 2)o 77,
MECRTHERNEE Y F=TFHT7 XU A %) F=H
Cambaridae® %) H = Cambaroides japonicusk 7 A1) 7
¥) A= Procambarus clarkia, FIEBEETHA 7 H=
# 0O £ 7 X ¥ ZEriocheir japonicus, 4 V H =
Hemigrapsus sanguineus, 7 7 % A4V W =Hemigrapsus
penicillatus, ¥ 7 14V 7 =Gaetice depressus, T 71T H =
Chiromantes haematocheir, [FT B4 7 4 =#Potamidae
O Y J H = Geothelphusa dehaani, W@ T B A+ H =F
Ocypodidae® A F # =Ocypode stimpson:siE L, WEEIZ
R+ ERSIEEA F b A LY F BStenopodideadt b b X
I ¥R Stenopodidae® # + ¥ X ¥ Stenopus hispidus, 8
HEH I LY T HCarideaX ¥ = ERtAtyidaed V< b X v L
Y Caridina japonica, I J+ I X < I Y Caridina
denticulata, X'V X3 LY Caridina leucosticta, T H
7 F+ W x € FPalaemonidae® A ¥ T Y Palaemon
paucidens, 7’ ¥ H R T I ¥ Palaemon ortmanni, I F
I FFH Y Macrobrachium formosense, ¥ 757 F W
I ¥ Macrobrachium japonicum, #* = 7 F H L ¥
Macrobrachium rosenbergii, T F W I ¥ Macrobrachium
nipponense, [T HF v R = Y F Alpheidae® 7 v R
X Y Alpheus brevicristatus& 4 ¥V 7 v R 7 I ¥ Alpheus
lobidens lobidens?®, VEIZZ+WBEANESERTES
2 L % = #Pinnotheridae® # 4 ¥ 12 € » J Pinnotheres
sinensish¥er 15 (Table 2),

AFFIZBVTH, GRTEHIFIRO 7y IRy
Hoid, A IREOHFIMOFREEFKICS, WTH
T XFHZRDANRANG T FHF ZGIFE CR o T o =
ERBIZIBICEB L, BYRAXY R EFSNAH =

id, ChOHFRELFLRERTHICET AR Y Fa R
DX MRYY A LARICTIERIL, SRTHA V=
Botfoy=, saxrvrAF=BrtFavIrEsr X
HoZEI7 AT 2R DOATHROFRBLRAC MR
WS NI (Table 2), $7:, EWHY SV ATERD
U5V avE, MEEREEO YA/ LHEMEE, FEY
SVAVHEADTFL Rt ATy TAT ERBIC T
B L7 (Table 2),

FHELSEY D%, 770V EESMEI XA VEH
Asellota® I X & ¥ Asellus hilgendorfill\= BT, 2BED
MERHPBEI N, I XA VRSOFRBFREONVEHICHE
aniz? (Table 2)o F72, ABFREICBVT, 770I¥
LHT7IHOZ R YA YT I IEEO MERDERD S
Nize SNHLOFERIZ, 770V EEOHFIZBWTH R
YTV EETHEBORREL BRI, mMEREICSRME D
BIEERLTYA, &5z, EELY X, HHE LB
BNVEIZSE LT A CEERRICT AV ERICE
45 57 VX ¥ Conchodytes nipponensisiZ 1TER D fLEk D
HBEL TS (Table 2,3)0 = k¥ A7 ILH I L
IEIZEHCIBEOMBREAL TSI Ehb, AL
BIEY T L72At) &, SO FRREIG BINERE R 5
Hahz, L2L, GELER OFHO® (FH#HESS
B) BEETHNE, R AYFT7ILHr L D]
HEOmMRIE, BNECERNEOIEE OmMIKRE IRE
h, BEHEomsk (I18) »oBHEESBLLIER 1
BHEIChobZEZzbNB, Lz oT, KFETIE, =
AVAFFTIEH s LIV E, EEECEREL Vo7
BMEREPRE S X3 2700, EmMRPEFRES [BE
B mEkA B3 (eumonohemocytic crustacean) = E B
MEE (eumonohemocytic group) | & [{&HiimEkE BHEy
¥ (pseudomonohemocytic crustacean) = {& Hi I Bk 3§
(pseudomonohemocytic group) | \Z#i5 L T, SEEER
T &\ o 72 BIMBRE R & B MR R & L,
SARVAYFT I EH 7 LT R BRMBRE PRSI S
L7z0 (Table 2 3)o
DI EOBERREBLIUEEDPL, ARMOBESICORELL
LSRR oFESE, UTOBYRET S, OFRED
HEBIEHEO MR+ A THELEMBREUFRETH o
72o @QFEM M T CHEM - AMERFEEOLBOHESE
BB (IROBEROBM (MBREOHEEAL) ] 48
BIY, FOomMBREITI IR CTHo. @I HOBELEEDIS
A L7 BEREIC BT, [mEkoBEEORS (M3
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HoOBMAL) | AR Y, MEROBEBICESHRELSE L.
EHODRIE LT, SEHESCFHEOREREIIBY
€, MEFEETHHBAICIE, MRIIEETH L Lo
IFohn (Table 2, 3), RHEOIE, FEIHHEKAE (31
IVEH) OBAEBICBWT, mMBREVEETHY (Table
2,3, IINZECEICOWTHE LMok EE (4
IUERPLERTER 0% ICEEEOmR (18) 4
BEENLILIZX A (Table 2 4 Figs. 9, 10), KHOD
B, 770 EECERENBY S VA VERLE
mEEBLUWHBIC TR, F.EB7 I B CIZEMERE
(BHEMBRA) FROHN (Table 2,4), AV TV LB+
ME<TI3, ZmBRBL L o0M (I~VHE) &L
W, HEIMmERA (BEMIRE) PBEEEINB L (Table
2-4; Figs. 9,10), T~VEPB L U HmskH ({BHMERE)
OmMIBFOFEEEIT TR IBI Y b Hh w2k (Table
2-4), THEBEIBWT IBEREN LR VY TH (R
BEE) OARLY, HWIEBDOT7FY Y2 TERERT
BIZbBEEND L EITONS (Table 2 Fig 10),
Thbb, PR THETIE, £TEHOLBHLD
mekiz 18cH Y, £THRICRS A MomskEIZ, TH

Hexapoda

Remipedia

Cephalocarida

Branchiopoda
(EM)

HNTRI-7EBETHLLEZLND (Table 2, Fig.
10)o

PO EFRIET B 72012, BHOW2WTIE, R/
PROBPRELIKRERLY, AHE (KRHWEM
Hexapoda (=AZEDRMIE)) LERHH LR TS L0
FICHWEN S TUM (Fig 9%, % b NCERHMEDS
TRHEINLTVWERMICE N5 ERE#Pentastoma, b
4 I ¥ 8 fiMystacocaridad X e A ¥ FY T ViR
TantulocaridalZ & Fh, MESHE L FREOMERIZHE
TLHEPLETHHY, 72, PHRELAHWESERE
# (LF#EPancrustacea) 2R TA I L HMESLT
WA xS (Fig 9%, BEHMLZAEMEICOVWTIHEN
BLEDNDH %o RHDLRHODKIED /- DI11E, EBF
FRICEINDEL OSERICOVT, MERBEZ AL
CTRZL%VD (RRPEMISEAUBICAEINT
w2H (Table 1)?, %H b A2 ERFHEI2
HABIZT X9, THHEHRAIKBWTS, try2z ¢
Polychelidae (f L ¥ T H) oW TIEKRF LT
W), RHOO [MEKEOEEIL] LIRH@D [MERED
Hugfbl PEETHE, FROPELLBERFRERIC

Eumalacostraca

|

——— Eucarida(P, PM)

Peracarida (P, PM)

r—— Malacostraca

—— Thecostraca
(EM, EHL)

Copepoda
(EM, PHL)

Ostracoda (EM)

Pentastoma,
Mystacocarida

Hoplocarida (P)

Phyllocarida (EM)

—— Maxillopoda

Branchiura(EM),—

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-ike granular cell); PHL, pseudohemocyteless crustacean (with
hemocyte-like granular cell); P, polyhemocytic crustacean.
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v Dendrobranchiata

— Caridea @) (@)

Pleocyemata—s>

Penaeidea O

Stenopodidea

Polychelidae
(Palinuridea)

Astacidea O|O
Thalassinidea @)
Palinuridea O

—— Anomura

—— Brachyura @) @) 0]

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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