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Abstract

Hemocyte types described in the different subtaxa of Myriapoda are presented and characterised.
They comprise (1) prohemocytes, (2) plasmatocytes and (3) two different forms of granular
hemocytes; these three have been found in all taxa investigated. Spherulocytes and coagulocytes
were only found in some taxa. Adipohemocytes occur quite infrequent, oenocytoids have not been
detected but may be restricted to specific stages of the moulting cycle. Cystocytes described earlier
seem to be a preparation artefact. Granular hemocytes are the most frequent hemocytes followed by
the plasmatocytes. In general, Diplopoda have fewer hemocytes than Chilopoda. The differences in
the hematogram and the functions of hemocytes are discussed.
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Introduction

In Arthropoda, hemocytes have numerous impact on the reactions of hemocytes; as a
functions: they are responsible for hemolymph consequence, the characteristics on which the
clotting after cuticle and epidermis rupture, wound nomenclature of hemocytes was based became
healing, self recognition, general and specific highly diverse. As a consequence, the nomenclature
immune response and opsonisation (e.g., Gupta, of hemocytes in arthropods, especially in insects,
1986; Millar and Ratcliffe, 1989; Xylander, 1992, became more and more confusing over the 100
1994). They phagocytise smaller pathogens like years since the investigations started using more
bacteria or fungal spores and encapsulate larger than 50 termini, often for the same cell types. With
ones like metazoan parasites or xenografts. the aim to clarify at least in part this confusing

Hemocytes, furthermore, produce and store situation, Jones (1962), and Raitcliffe and Price
substances which may be discharged after (1974), presented a new nomenclature applicable
infections such as antibacterial substances and more or less to hemocytes of all arthropod taxa.
elements of the phenoloxidase system, as well as Also in Myriapoda the situation was quite
antibacterial substances, lectins and hemolysins. complicated. Early light microscopic investigations
All these functions which were discovered in other by Gregoire (1955), Ravindranath (1973, 1977,
groups of Arthropoda have also been found to 1981) and Rajulu (1971) resulted in the description
occur in the Myriapoda (Xylander and Nevermann, of 7 different hemocyte types (prehemocytes,
1990, 1993; Xylander, 1992, in press; Xylander and granular hemocytes, plasmatocytes, cystocytes,
Bogusch, 1992, 1997; Nevermann, 1996). In some spherulocytes, adipohemocytes and oenocytoids).
arthropods hemocytes are, furthermore, responsible Transmission electron microscopy (TEM)
for production and storage of the respiratory investigations have described hemocyte types of
pigments. chilopods and diplopods directly taken from the

The number of hemocyte types investigated haemolymph, after in vitro preparation and partly
differs according to the subtaxon of Arthropoda. during immune defense reactions (Nevermann et
Additionally, the techniques and procedures of al., 1991, 1996; Nevermann, 1996; Nevermann and
preparation, e.g., obtaining of hemolymph, in vitro- Xylander, 1996, 2006; Hilken et al., 2003). By using
preparation, fixation and staining techniques have light-microscopy, Xylander (1992), Xylander and

Nevermann (1993), and Xylander and Bogusch

Corresponding author: (1997), gave further characteristics applicable to
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Fig. 1 (A-E) Hemocytes of Chicobolus spp., pure haemolymph, unfixed, spread on glass slides for different
periods, observed by phase contrast microscopy and (F-J) R. virgator hemocytes, spread on glass slides for 10
min, fixed and stained. (A) Various hemocytes (P= plasmatocytes, Gl = granular hemocytes of type I, Gll =
granular hemocytes of type Il, the arrowhead points to cell proliferations). (B) Plasmatocyte and prehemocyte (Pr)
(10 min). (C) Two plasmatocytes with few grana spreading (“star-type”). (D) Plasmatocytes representing various
spreading-types (above: “star-type” with pseudopodia, below: “fried-egg-type” without pseudopodia, 20 min). (E)
Hemocyte with large grana in close vicinity to two different granular hemocytes (Gl and Gll, the arrowhead
indicates cell proliferations of GlI ,10 min). (F) May-Grinwald and Giemsa staining observed by phase contrast.
(G) May-Griinwald and Giemsa staining observed in bright field. The prehemocytes are burgundy-coloured , the
plasma of plasmatocytes is greyish and that of granular hemocytes (Gl and Gll) violet. (H) Sudan-black-staining.
Several granular hemocytes are stained dark (bright field). (I) Giemsa-staining. The more translucent plasma
clearly differentiate plasmatocytes from granular hemocytes. (J) May-Griinwald and Giemsa staining. The plasma
of granular hemocytes of type Il (Gll) is bluish, their nuclei are blue. Granular hemocytes of type | (Gl) are faint
purple , plasmocytes (P) are deep purple. (dark field). Bars: 50 um (A, C-E); 25 um (B, F-J).
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Material and Methods

Animals

Animals of different species were investigated.
Description of collecting sites, rearing conditions
and other species specific informations have
already been given in detail (Xylander and
Nevermann, 1990; Xylander, 1992; Nevermann,
1996; Nevermann and Xylander, 1996). In vitro and
staining techniques as well as hemocyte counts
were described by Xylander and Nevermann (2006).

Electron microscopy preparations

Hemocytes were obtained by opening the
cuticle of living animals. They spread and thus
became attached to different substrates (e.g.,
cellophane) kept in cold Ringer-solutions prior to
fixation. Such samples were fixed in the cold for at
least 2 h in a modified Karnoffsky’s fixative or in 2.5
% glutaraldehyde and postfixed in 2 % (w/v) OsOq4
and dehydrated in acetone [see Xylander and
Nevermann 2006 for further details of the
procedures]. After OsOg-fixation samples were
subdivided and (a) embedded for transmission
electron microscopy samples in araldite or (b)
critically point dried and sputtered with gold for
scanning electron microscopy. TEM-investigations
were mainly done on a Zeiss EM 9A, SEM
investigations on a JEOL or Cambridge Stereoscan
S4 SE-microscope.

Results

Hemocyte types

Six hemocyte types were found by light and
electron microscopy, cytochemical and in vitro
techniques in the two diplopod and three chilopod
taxa. Three of these occur in all taxa investigated:

Prehemocytes, plasmatocytes and granular
hemocytes. In a limited number of Chilopoda
investigated, spherulocytes, coagulocytes and
discoid cells were described (Xylander and
Nevermann, 2006).
Prehemocytes

Three to 10 % of the hemocytes in the
diplopods and chilopods investigated are

prehemocytes. They are the smallest cells of all
hemocytes and spherical in shape (Figs 1B, F, G;
2C, G). Their nucleus is large compared to the
volume of cell plasma and located centrally (Fig.
2G). In vitro, these cells spread later than other cell
types keeping their shape for several minutes. Only
a few small grana may be found in the plasma of
these prehemocytes and their phenoloxidase
activity is weak (Xylander and Bogusch 1997).

Plasmatocytes

Plasmatocytes are significantly larger than the
prehemocytes (Fig. 1B) with a mean diameter of 30
to 70 um. This cell type is characterized by intense
spreading (Figs 1, 2). Furthermore, they contain no
or just a few grana (Figs 3A, C, D). Their plasma is
greyish in phase contrast (Figs 1A-D). After
activation of hemocyte cultures for phenoloxidase
staining and incubation with DOPA (Xylander and
Bogusch 1997) there is no or just little reaction in
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the plasmatocytes. The nucleus of spread
plasmatocytes is located eccentrically (Figs 1B, D)
and it occurs larger than in any other hemocyte
type. Directly after obtaining the haemolymph
plasmatocytes are spherical to spindle-shaped but
flatten and attach to glass slides within 8 to 10 min
(in an undiluted haemolymph sample) forming
pseudopodia (Figs 2A, B, D; 3B, E).

In the Diplopoda, two types of spreading were
observed in this cell type resulting in different
hemocyte morphology (Xylander and Nevermann
2006):

a) the “fried-egg-type”. In this type of spreading
cells flatten more or less homogeneously not
forming many pseudopodia; plasmatocytes showing
such spreading behaviour contain no or just a few
grana (Fig. 1D)

b) The “star-type”. Here many thin pseudopodia
grow centrifugally during spreading; in
plasmatocytes of this type normally several small
grana occur which are bluish in phase contrast (Fig.
1D).

TEM observations show that in the plasmatocytes of
Chilopoda electron translucent vacuoles with
moderately electron dense filamentous material
occur (Nevermann et al., 1991; Hilken et al., 2003).
In plasmatocytes of the spirobolid diplopod
Rhapidostreptus virgator comparable vacuoles were
found containing (Figs 3A, C, D) which, however
contain flocculent rather than filamentous material;
this material is discharged after some time during
vitro-incubation. The material seems to attract other
cell types thereby becoming involved in more
complex aggregation (the immune reaction); such
attraction of other cellular components of the
immune system (against non-self material) is called
opsonisation effect.

Granular hemocytes

Granular hemocytes are the most numerous
hemocytes in Myriapoda (Xylander and Nevermann
2006). They contain numerous electron dense
grana of variable size and shape and some vacuoles
(Figs 1F-J; 2C, E; 4; 5). Granular hemocytes are
medium sized after spreading (larger than
prohemocytes but smaller than plasmatocytes) (Figs
1F-J). All cells of this type are phenoloxidase active
(Xylander 1996, Xylander and Bogusch 1997,
Xylander and Nevermann 1993, 2006). Briefly, after
obtaining the haemolymph, granular hemocytes are
more or less spherical (Figs 11, J). Then they start to
flatten in vitro and attach to the substrates within 15
min (Figs 1F, G). They can, however, be
distinguished from plasmatocytes for more than 1 h
in light microscopy by their significantly lower
spreading capabilities. During spreading, granular
hemocytes often develop a unidirectional process
(Xylander and Nevermann, 2006). Intermediate
forms of granular hemocytes and plasmatocytes
have been found in a few cases (Fig. 3D) indicating
that granular hemocytes (at least of type I, see
below) may constitute a transformation product of
plasmatocytes.

In the two species of diplopods investigated
(Chicobolus spp. and R. virgator) two types of
granular hemocytes could be differentiated. Granular



Fig. 2 Hemocytes of R. virgator. (A) Hemolymph preparation with various hemocytes (pure haemolymph, 20 min
after puncture, phase contrast. P= plasmatocyte, Gl and Gll= granular hemocyte type | and type Il.). (B) Various
hemocytes in a hemolymph smears (pure hemolymph, 30 min, phase contrast). (C) Overview of various
hemocytes observed by TEM. (D) Hemocyte aggregation in vitro observed by scanning electron microscopy
(SEM). The hemocytes with short extensions on the cell surface are plasmatocytes. (E) Granular hemocytes of
type | and type Il observed by TEM. The grana of type Il are larger, more spherical and form fewer pseudopodia
than type I. (F) TEM observation of a granular hemocyte forming pseudopodia with contact to the substrate (g=
granulum). (G) TEM photograph of a prehemocyte. Few small grana (g), high numbers of free ribosomes, RER
and the nucleus (nu) are visible. Bars: 50 um (A, B); 5 um (C, E); 10 um (D); 0.2 um (F); 1 um (G).
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hemocytes of type | show significantly higher
spreading capabilities (Fig. 1A). They contain
fewer and smaller grana (Figs 2C, I; 4A) which
occur blue or green in phase contrast microscopy.
In transmission electron microscopy their grana
show to be irregular in shape (Figs 2C; 4 A-C).

After spreading the grana of type | granular
hemocytes are predominantly located at the
periphery of the nucleus; so mostly the nucleus is
clearly visible. Phenoloxidase activity is moderate in
granular hemocytes of type | (and significantly
lower than in type Il) (Xylander and Bogusch, 1997;

Fig. 3 Plasmatocytes of R. virgator fixed after in vitro incubation on gelatine with I-Ringer. (A) TEM observation of
a prehemocyte (with grana, left) and plasmatocyte (right). (B) Two plasmatocytes observed by SEM. (C)
Plasmatocyte. Peripheral in the cytoplasm only few grana are visible. In the centre of the cell vesicles filled with
flocculent material have gathered. (er= rough endoplasmic reticulum, m= mitochondrion, nu= nucleus, *: glycogen
like inclusions). (D) Presumed transitory stage between plasmatocyte and granular hemocyte type I. The number
of grana increase, but they are less frequent and electron dense as in granular hemocytes. (E) Plasmatocyte
observed by SEM. Bars: 1 um (A, C, D); 5 um (B, E).
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Fig. 4 Granular type | hemocytes of R. virgator under different types of fixation. Hemocytes in A and C were fixed
after in vitro incubation, 60 min in Wenning-Ringer on cellophane. Hemocytes in B and D were fixed after in vitro
incubation 60 min in I-Ringer on gelatine. (A) For comparison: Granular hemocytes of type | and type Il (nu=
nucleus). (B) Granular hemocyte of type I. At the periphery of the cell there are RER-cisterns and in the centre
there are vacuoles. One of the vacuoles is filled with material resembling glycogen-rosettes (*). (C) In GR | there
are fewer vacuoles after incubation in Wenning-Ringer on cellophane. (D) In unstained TEM-sections (no double
staining with uranyl acetate and lead citrate) the grana occur to be subdivided into a more electron dense and a
more translucent part. Bars: 1 um.
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Xylander and Nevermann 2006). In unstained TEM-
sections the grana of this type occur to be
“subdivided” into a more electron dense and a more
translucent part; the more electron dense part is
smaller and enclosed eccentrically by the more
translucent one (Fig. 4D) (see also Xylander and
Nevermann, 2006).

Granular hemocytes of type Il occur even
smaller after spreading than plasmatocytes and
granular hemocytes of type | and they spread less
intensively (Figs 1A, F, G). Their volume, however,
is about the same of the other two types. In many
cases granular hemocytes of type Il also form a
unidirectional process. In phase contrast they
appear yellowish mostly due to the higher number of
grana (Fig. 1A). These grana are larger and
spherical (Figs 2C, E; 4A; 5A, C-E). When located
peripherally in the granular hemocytes these grana
may bulge their surface (Figs 5A, B, F). Granular
hemocytes of type Il react stronger than the other
hemocytes after prophenoloxidase activation and
substrate incubation and stain dark brown (Xylander
and Bogusch, 1997, Xylander and Nevermann,
2006).

Spherulocytes

A fourth hemocyte type has been described for
the chilopods Lithobius forficatus and Scutigera
coleoptrata by Nevermann et al. (1991) and Hilken
et al. (2003): the spherulocyte. It is characterised by
regularly shaped spherical grana, significantly lower
spreading capability and — as a major characteristic
for differentiation from other hemocyte types - the
complete lack of phenoloxidase inactivity. These
cells tend to form a single cytoplasmic protrusion
which never bears grana. Although spherulocytes
may form such protrusions, contain grana, spread
just moderately and therefore resemble the granular
hemocytes intermediate forms between
spherulocytes and granular hemocytes or
plasmatocytes have never been detected. Up to
now, spherulocytes were only found in the two
species of Chilopoda. In Diplopoda, as well as in
Scolopendra cingulata, this cell type does not occur
(Xylander 1992; Nevermann, 1996; Xylander and
Nevermann, 2006).

In spite of the similarities, Xylander and
Nevermann (2006) considered the spherulocytes to
be a distinct hemocyte type possibly restricted to a
subtaxon of Chilopoda.

Coagulocytes

In haemolymph preparations from Lithobius
forficatus, Nevermann et al. (1991) described zones
with typical plasma coagulations and postulated the
occurrence of a fifth extremely fragile hemocyte
type, which immediately disintegrates in vitro, the

coagulocyte. Nevermann  (1996)  described
disintegrating hemocytes when dropping
haemolymph directly into a fixative. These

hemocytes resembled plasmatocytes containing
only few electron dense grana and vacuoles but
were characterised by large vacuoles containing
flocculent material (indicating the disintegration
process). Nevermann (1996), therefore, considered
the coagulocytes found just to represent “stressed
plasmatocytes”. More recently, Xylander and
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Nevermann (2006), however, considered the
coagulocytes to be one of the “valid” hemocyte
types of Myriapoda. which, due to their immediate
disintegration during the procedures of obtaining the
haemolymph, is just very rarely found in hemocyte
preparation.

Naked nuclei and isolated membranes (most
possibly remnants of hemocytes after disintegration)
were also found in hemocyte aggregations
(“capsules”) surrounding xenografts in the diplopod
Rhapidospreptus virgator (Xylander, unpublished).
They could also be remnants of coagulocytes
indicating that this hemocyte type is more widely
distributed  throughout the Myriapoda than
considered earlier and just hard to detect with the
methods usually applied.

Discoid hemocyte

Nevermann (1996) described a sixth hemocyte
type by TEM studies characterised by peripheral
circular bundles of microtubules for S. cingulata.
These microtubules disintegrate when the
hemocytes attach to the substrate and start to
spread. Then they become invisible. Bundles of
microtubules equivalently arranged were also
described from granular hemocytes of Scutigera
coleoptrata (Hilken et al., 2003). So peripheral
bundles of microtubules arranged in circles may
represent a general characteristic of native
plasmatocytes and granular hemocytes in vivo.

Cystocytes

Ravindranath (1981) in an early review of
hemocytes in Myriapoda described cystocytes for
Diplopoda. Subsequently Nevermann et al. (1991)
showed, however, that this description was due to a
preparation artefact: Such hemocytes were
exclusively found in cell preparations after
mechanical stress (e.g., after sucking hemocytes
into the narrow slit between a microscopic slide and
cover slip). Therefore, cystocytes are considered not
to be a “valid hemocyte type” for the Myriapoda.

Adipohemocytes

In very few cases cells containing large lipid
grana were found circulating in the hemolymph (Fig.
1E). Such numerous lipid grana (stainable with
Sudan black) are typical for so called
“adipohemocytes”. But such observations were not
reproducible with other specimens of the same
species. Therefore, it seems probable that such
cells originated from the subepidermal fat body and
are set free when obtaining the haemolymph by
puncture. Therefore, they represent rather an
artifact originating from preparation and than a
genuine hemocyte type in Myriapoda.

Oenocytoids

During all investigations performed in our
working group with various diplopod and chilopod
species, oenocytoids were nhever observed.
However, oenocytoids are considered to be involved
in the moulting process and their occurrence
circulating free in the haemolymph may be restricted
to a short period prior to moulting (which is a rare
event in mature specimens of the species of
Diplopoda and Chilopoda investigated during our



Fig. 5 Granular type Il hemocytes of R. virgator. Hemocytes in A, D and E after in vitro incubation in Wenning-
saline for 60 min on cellophane; B, C and F, after in vitro incubation in I-ringer on gelatine for 60 min. (A) Granular
hemocyte of type Il. TEM image displaying that grana are mostly spherical and bulge the plasma membrane at
different sites (arrowheads); nu = nucleus. (B) Grana responsible for extension of the plasma membrane are
visible also by SEM. (C) A few grana are surrounded by RER (arrowheads). (D) Cisternae of RER could
frequently been found at the cell periphery (er). Free ribosomes are also widely distributed in the cytoplasm. Note
that mitochondria (mi) with electron dense matrix and translucent cristae are visible. (E) Golgi complexes (di) with
electron dense grana were occasionally observed in vicinity to the nucleus (nu). (F) SEM micrograph of Gll. Bars:

1pum (A, C); 5um (B, F); 0.2 um (D, E).
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studies). In fact, during our investigations
specimens in the moulting process (which are
extraordinary sensitive to cuticle rupture and may
die briefly after injury) were excluded. This may be
the reason for the absence of oenocytoids in our
samples. Therefore, definitive conclusions regarding
the existence of oenocytoids in chilopods and
diplopods are not possible.

Differential hemocyte counts

For two diplopod species, R. virgator and
Chicobolus spp., the percentage of different
hemocyte types were determined (Xylander and
Nevermann, 2006). The granular hemocytes of type
| was most frequent comprising 38 and 39 % of all
hemocytes, respectively. Granular hemocytes of
type 1l represented 30 % of all hemocytes in R.
virgator and 17 % in Chicobolus. In R. virgator 27 %
of the hemocytes were plasmatocytes and 39 % in
Chicobolus. In both species prehemocytes
represented about 5 %.

Total hemocyte counts

The total number of hemocytes per hemolymph
volume varies extremely between Chilopoda and
Diplopoda: In the species investigated centipedes
had a tenfold higher numbers of hemocyte than
millipedes. In Lithobius forficatus Xylander and
Nevermann (2006) found 45,000 hemocytes pl'1
hemolymph, in Scolopendra cingulata 31,500 and in
S. oraniensis about 50.000. In contrast, there were
only 2,450 and 6,500 hemocytes ul'l hemolymph,
respectively, in the diplopods R. virgator and
Chicobolus spp.

Discussion

Hemocyte types — a comparison within and outside
the Myriapoda

In the arthropods at least 9 different hemocytes
types can be differentiated (Table 1). Within the
three major taxa of myriapods (Chilopoda,

Diplopoda and Symphyla) investigated with regard
to their hemocytes untii now prehemocytes,
plasmatocytes and granular hemocytes occur in all
three. Other types described so far seem to be
restricted to specific subtaxa or have to be
considered as preparation artefacts.

With regard of their microscopic and
submicroscopic morphology the hemocytes of
myriapod correspond to that of other arthropods
(see for review Jones, 1962; Ravindranath, 1974,
Bauchau, 1981; Sherman, 1981; Xylander, 1992).
This similarity of characters even on the electron
microscopic level allows to use the generalised
nomenclature for arthropod hemocytes not only for
pragmatical reasons but also due to comparative
morphology and function. However, the hemocyte
types of decapod crustaceans which are separated
into those bearing many granules (“granular cells”)
and those bearing few (“semi-granular cells”)
(Bauchau, 1981; Xylander et al., 2003) “resist” the
inclusion into this system up to now. So further
investigations are necessary to clarify the homology
of the different hemocyte types.

Xylander and Nevermann (2006) considered at
least 4 hemocyte types to belong to the ground
pattern of arthropods: the prohemocytes, the
plasmatocytes, the granular hemocytes and the
cyanocytes, the latter responsible for production and
storage of the respiratory pigments. After the
evolution of terrestrial arthropods with trachea,
respiratory pigments and the hemocytes producing
them were reduced. Subsequently, immune
defense, wound closure and hematopoiesis
represented the major tasks of the remaining
hemocytes.

Total hemocyte counts

The range of hemocytes number per volume is
extremely variable reaching from 500 pl'1 in
decapod crustaceans to 60,000 ul’1 in cockroaches
(overview in Xylander and Nevermann, 2006).
Diplopoda are among those taxa with a low number

Table 1 A comparison of the presence of different hemocyte types (listed in the Results section) within the main
taxa of Arthropoda. Myriapoda species are singularly reported. Modified from Xylander and Nevermann (2006).

TAXON

)
T
T
-

Rhapidostreptus virgator
Chicobolus spp.
Lithobius forficatus
Scolopendra cingulata
Scutigera coleoptrata
INSECTA

CRUSTACEA
XIPHOSURA
SCORPIONES
ARANEA

NoX X X X X X X

X X X X X X X X X X

xX X

GR SPH COA DISC ADI CYST OEN CYAN

X X X X X X X X X X
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Table 2 Total hemocyte counts (hemocytes ul'l) [H (hc/ul)] for various arthropods. Modified from Xylander and

Nevermann (2006).

Myriapoda H (hc/pl) References

Rhapidostreptus virgator 2,500 Xylander and Nevermann, 2006
Chicobolus spp. 6,500 Xylander and Nevermann, 2006
Scolopendra cingulata 31,000 Nevermann, 1996

Scolopendra oraniensis ~50,000 Xylander and Nevermann, 2006
Lithobius forficatus 45,000 Nevermann, 1996

Crustacea

Astacus leptodactylus ~500 Ullrich, 1993; Xilander et al., 1997
Procambarus clarkii ~580 Ullrich, 1993; Xilander et al., 1997
Crangon crangon 800-1,200 Smith and Johnston, 1992
Insecta

Blatella germanica 23,000 Gupta, 1986

Periplaneta americana 60,000 Crossley, 1975

Chironomus thummi 1,000-3,000 G0tz and Vey, 1974

Drosophila melanogaster (2d) 2,000 Rizki and Rizki, 1992
Drosophila melanogaster (4d) 23,000 Rizki and Rizki, 1992

Manduca sexta (L5) 4,500 Horohov and Dunn, 1982
Galleria melonella (L5) 25,000 Chain and Anderson, 1982
Arachnida

Limulus polyphemus 30,000 Sherman, 1981

Arenea spp. 11,000 Sherman, 1981

of hemocytes, whereas Chilopoda range among
those with quite high numbers. When looking at
hemocyte numbers more generally, however, it
should be taken into account that in those few
species in which the topic was investigated,
hemocyte numbers often differed significantly during
ontogenetical stages.

The variability of the hemocytes counts cannot
be explained on the basis of the available data. But,
as a tendency, those species with hard and strongly
calcified cuticles or passive protection strategies
against predators (such as glandular defense
secretions) have fewer hemocytes (e.g., decapod
crustaceans and diplopods). In these species the
risk of injuries and infections and, therefore, the
demand for wound closure and immune defense is
most probably lower. In predatory groups with a
thin cuticle (reducing body weight and enabling
effective scavenging with lower energy demand
than in those groups with calcified cuticles) or taxa
with higher risk of injury due to their life style (e.g.,
chilopods, cockroaches, dipteran larvae) hemocyte
numbers are often high. In this context, Frind
(1992) showed that 28 to 60 % of the specimens of
Lithobius forficatus in his study had melanised
scares or lost legs. Thus the high total hemocyte
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count probably constitutes an adaptation to their
predatory life style (Xylander and Nevermann,
2006).
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