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Morphological Characterization of Hemocytes in Copepods

Masakazu Kondo™, Shinya Yasumoto and Yukinori Takahashi

Abstract

Morphological characteristics of hemocytes in four copepods (Copepoda, Maxillopoda,

Crustacea) were histologically examined by light microscopy. Only a single type of hemocyte,
basophilic granulocyte, was observed in the hemal space of two parasitic copepods, Pseudocaligus
fugu (Siphonostomatoida) and anchor worm Lernaea cyprinacea (Cyclopoida). On the other hands,
Tigriopus japonicus (Harpacticoida) and Cyclops vicinus (Cyclopoida), which have free life style, lacked
circulating hemocytes, however, hemocyte-like granular cell was occasionally observed in/on the tissues.
The granular cells also contained basophilic granules as hemocytes of parasitic copepods. For comparison,
other crustaceans, water flea Daphnia pulex (Cladocera, Diplostraca, Phyllopoda, Branchiopoda) and
Sacculina confragosa (Kentrogonida, Rhizocephala, Thecostraca), were also examined. The water flea
has chromophobic granulocyte, but no hemocyte and granular cell was observed in S. confragosa. These
observations indicate that P. fugu, anchor warm and water flea belong in monohemocytic group, but 7.
japonicus, C. vicinus and S. confragosa in hemocyteless group. Furthermore, hemocyteless crustaceans
were classified into two subgroups, euhemocyteless group (S. confragosa) and pseudohemocyteless
group (T. japonicus and C. vicinus), according to lack/occurrence of the hemocyte-like granular cell.
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Table 1.

Classification of subphylum Crustacea

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
Infraclass Progymnoplea (one order)
Infraclass Neocopepoda
Superorder Gymnoplea
Order Calanoida
Superorder Podoplea (nine orders)
Order Cyclopoida
Order Harpacticoida

Order Siphonostomatoida

Subclass Mystacocarida (one order)
Subclass Ostracoda (two superorders)
Superorder Myodocopa (two orders)
Order Myodocopida
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 Isopoda
Order Amphipoda
Superorder Eucarida (three orders)

Order Decapoda
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Fig. 1. Hemocytes and hemocyte-like granular cells (HGC) in copepods and water flea. A & B, anchor warm (A,
hemocyte (arrowhead) in hemal space of alive anchor warm (g, gut; bar=50um); B, May-Griinwald stain (MG;
oe, oval egg; bar=25um)); C & D, Pseudocaligus fugu (C, hemocytes in hemal space of alive P. fugu (o, ovary;
bar=25um); D, MG (bar=25um)); E & F, Tigriopus japonicus (E, HGC (arrow) adhere to epithelium of alive
T. japonicus antenna (phase contrast; arrowhead, pseudopod; bar=5um); F, MG (HGC adhere to exfoliated

epithelium (arrowhead). The exfoliation of epithelium from carapase (*)

may be due to fixation of tissue.

Bar=25um): G, Cyclopse vicinus (MG; HGC is observed in the cell layer surrounding nerve (n). Arrowhead
indicates lipofusutin-like particle. Bar=25um); H, water flea (MG; bar=25um). Note basophilic granules in the
hemocytes or HGC of copepods (B, D, F & G) and chromophobic granules in the hemocytes of water flea (H).
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Table 2. Comparison of morphological characteristics of granules in hemocytes from monchemocytic crustaceans and in hemocyte-like granular cells
from pseudohemocyteless crustaceans (May-Griinwald staining preparation)
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ptestheria kawachieusis (clam
); Ty, Tigriopus japonicus (marine

/§, Le

L

pole shrimp);
ifera (ship barnacle); My, Megabalanus rosa (balanomorph barnacle); Nj, Nebalia japonensis

anaty

.6)).

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

*BS, bl

(paraffin embedded section).

(leaf shrimp); Cn, Conchodytes nipponensis (pontoniine shrimp, Kondo et al
ood smear; TS, tissue section

copepod, present report); Cv, Cyclops vicinus (freshwater copepod, present report); Lc, Lernaea cyprinacea (anchor warm, present report); Pf Pseudocaligus fugu (parasitic
Pseudohemocyteless crustacean.

shrimp); Dp, Daphnia pulex (water flea, present report); Aj, Argulus japonicus (fish louse); Ac, Argulus caecus (fish louse, Kondo et al®
copepod, present report); Vi, Vargula hilgendorfii (seed shrimp); La, Lepas

Y As, Artemia salina (brine shrimp): Bk, Branchinellites kugenumaensis (fairy shrimp); Tn, Triops numidicus (tad

2
3
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Hexapoda

Remipedia

:

Cephalocarida

Branchiopoda
(M)

Malacostraca

’_H

Thecostraca
(M, EHL)

Copepoda
(M, PHL)

Ostracoda (M)

Pentastoma,
Mystacocarida

Eumalacostraca

l

Peracarida (P)

Eucarida (P, M)

Branchiura(M),

Hoplocarida (P)

— b——————— Phyllocarida(M)

— Maxillopoda

Fig. 2. Molecular phylogenic trees of Pancrustacea (modified after Regier et al®) and hemocyte types of crustaceans.
Hemocyte types: M, monohemocytic crustacean®®®?: P, polyhemocytic crustacean® ). EHL, euhemocyteless
crustacean (without hemocyte and hemocyte-like granular cell)®; PHL, pseudohemocyteless crustacean {(with

hemocyte-like granular cell)®. a, present report.
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