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Unionicola intermedia lives as a parasite in the gill region of Anodonta anatina. Bt attaches to the
alls of its host by means of the pedipalps which cause displacement, rupture, and erosion of the gill
epithelium. The pedipalps are sunk deepiy into the underlying connective tissue of the gitls and produce
s leukocytic infiltration into the damaged area and a consequent edema of the gill filaments.

INTRODUCTION

Cwionicola intermedia is a water mite

cangig to the superfamily Pionae,
wochell and Pitchford {1953) studied the
wix parasitizing Anodonta spp. in England
 mdicated that U, intermedia normally

wsitized the duck musseld,

A. arating,

cezeas U ypsilophora was linmited to the
+o mussel, 4. cygneg. Jones (1967) has

¢ the known hosts of parasitic water
o angd also includes U, intermedia with

©urating. Soar and Willlamson (1927) and

-

wll and Pitchford (1953} have given

~nptions of these mites. The anatomy and

= oocle of members of the Unionicolidae

-~een fully described by Mitchell (1955).
Marshall and Staley (1929), Feng and
""wli (1933), Jones (1930), Hoeppli and

smacher (1962), Schumacher and Hoep-
W63, Arthur (1965), and Baker (1973)
il described histological changes in and

“7ate to host tissue caused by mites,

"t with regard to the effects of salivary

ns and the formation of a tissue canal
< hoast

blood cells of iamellibranchs, in

';"j:"”liif oysters, have been studied by a

umber of workers including Takatsuki
Bang (1961), Feng et al. (1971), Rud-

” ta. b, ¢}, and Foley and Cheng

Hill and Welsh (1966) and Cheng and

‘!9’0) have produced good recent re-

? molluscan blood cells,

T 1978 by Academic Press, Inc.
*of reproduction in any form reserved.

¥

There have been a number of reviews deal-
ing with cellular immunity in invertebrates
and in particular the internal defense reac-
tions produced in the tissues of moiluscan
hosts by their metazoan parasites (Cheng,
1967; Brooks, 1969; Cheng and Rifkin, 1970).

MATERIALS AND METHODS

Freshwater mussels were collected from
Wintersett, a large man-made lake in York-
shire, England. They were quickly opened
alive and the mites removed attached to a
small piece of gill tissue. This was fixed in
Susa’s fixative to which was added a small
crystal of iodine to remove any precipitate
formed by the mercury. The material was
subsequently dehydrated using alcohol,
cleared in xylol, and embedded in parafiin
wax of 56° C melting point. Sections were cut
at 8 um and stained in either Masson's
trichrome stain or Delafield’s hematoxylin
and eosin.

RESULTS

Structure of the Pedipalps and Atrachment
to the Host

As with other mites, the basal segments or
coxae of the pedipalps fuse to form the
grnathosomal base. The remaining five seg-
ments are free, articufated to the gnatho-
soma, and referred to as the trochanter,
femur, genu, tibia, and tarsus. The femur is
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o 1 Section through the gill filaments of 4nodonta anating showing displacement of individual filaments (F),
~ed eprihelium (E), and an isolated patch of host tissue (1). Part of a pedipalp (P) from the mite can also be seen;

s of detached tissue formi.
groups of epithelial cells, and nuce
een and on the outside of individ:.
1ents as the cells at the gill sun.
ured and destroyed (Fig. 2).

Responses of the Mussel

nmatory infiltration and epithet.
ition have been observed in diffese
mussel gill tissue and are believed
nt cellular reactions due to -
e of the mite.

icrease in blood cell number occw
1e epithelium in the wounded ares
asitized mussels (Fig. 4). The N“«-?
lude sguare, rectangular, triangu.
lle-shaped forms. The nuclei are .-
riable in shape and may be ¢t
y placed or at one side of the oo
ire at least two kinds of blood
. The most frequently ohserved x
rregular shape, a centrally plgccnsl‘
nd a granular cytoplasm which ©°
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shilic cytoplasm. The cytop!assm
green with Masson’'s trichromc_v:‘-'-
ous spindle-shaped leukocytes. *™
cytoplasm stained red with Blass

. L ' Section through the gill flaments of Anodonsa anating showin
., rwedy at the base of one of the filaments (F)
Fhte Py 328

g the proliferation of a mass of epidermal
- This is believed to be a reaction in response to the presence of
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FIG. 4. Leukocytic infiltration (arrowed) into the connective tissue of the gill {T) of Anodonta anating, helos
point of attachment of the pedipalps (P} of the mite (M), x 155,

stain, collect below the area of attachment
and are arranged parallel to the long axis of
the gill filaments. The two main types of
blood cell do not appear to be markedly
different in size.

The gill filaments in the infected area be-
come edematous, swelling appreciably, and

projecting distally beyond the norma ¢
surface (Fig. 5). Internally they are pucis
with numerous blood cells which accouni -
the edema observed.

In parts of the infected area, productics
new epithelial tissue was observed towsrs
the base of and between individual gilt .

F1G. 5. Four gill filaments of Anodonta anatina showing noticeable swelling of one filament (F) in the region ¢

the mite (M )is present. Note the amoebocytes (= leukocytes) within the filaments; x 330,
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DISCUSSION

Bequaert (1925) referred to the fact that
awwonicola is found fixed on to the gills of its
w51, The evidence from the present work is
it Unionicola uses the pedipalps for this
mepose. In the Acarina, the pedipalps are

- saentially sensory appendages but may be
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wnates from the fusion and development
“he pedipalpal coxae.
ae accummulation of a plug of cells below

- ¢ surface of the damaged epithelium is
- waght to represent a response due to the

ssence of the mite. Leukocytic infiltration
© +ards the source of an irritation or injury is
wenbed by Pauley and Sparks (1965), Feng

“"i. Des Voigne and Sparks (1968), and
#res workers and is one of a number of
-idlar responses demonstrated by
L tilyses, Pauley and Heaton (1969),
“woer, found a lack of a pronounced
#ular response in A, oregonensis following
sl incisions, but this was thought to be

damaged gill area of A. anatina is
d by an influx of blood cells which are
=@ed 1o have the poteatial to produce
" kinds of tissue, Agranular eosinophilic
““tetyies have been observed in the inflam-

“" tissue below the point of attachment

% " wonicola, and Ruddell (1971b) believes

this lype of cell contributes to the
“vte plug in wounds. It appears that
; t ‘37«'&? one type of cell is involved in
UGS infiltration in the case of A,
. bul itis not yet clear if any or all are
i wound repair.
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It was not possibie to study the sequence
of events such as that described for the
inflammatory reaction in Crassostrea gigas
by Pauley and Sparks (1965) and for wound
repair in 4. oregonensis by Pauley and
Heaton (1969). This was because of the
difficulty in estimating the length of time of
attachment of the mites prior to fixation. The
observed cellular reactions therefore were
not of standard form, different mussels show-
ing varying responses resufting, it is helieved,
from the length of time of attachment.

The increase in the number of epithelial
cells observed in 4. anating may be the result
of cellular multiplication in this tissue or the
conversion of leukocytes to epithelial cells.
Des Voigne and Sparks (16968) describe
wound healing in C. gigas and maintain that
leukocytes transform into a pseudoepithe-
lium and replace damaged host digestive or
mantle epithelial tissue. Ruddell (1971a), re-
viewing previous work, maintains that wound
repair in C. gigas involves both epithelial
cells and amoebocytes, the latter filling up
the wound with a plug of tissue and the
epithelial cells migrating over this plug. It
seems clear that these additional epitheital
cells of A. anatina play an important role in
wound repair but their origins are not yet
clear,

A tissue reaction described by Marshall
and Staley (1929) in mosquitos was caused by
aquatic larval hydrachnids and was believed
to be a protective reaction against the bite of
the parasite. Histopathological changes in
host tissue caused by various species of mite
were likewise considered by Feng and Hoep-
pli (1933) to be due partly to the secretion of
the parasites and partly a defence reaction
on the part of their hosts. The host reactions
reported for 4. anatina may be partly the re-
sult of the feeding activities of the mite but
the damage caused and the inflammatory re-
sponse induced appear to be related more to
the pedipalps than to the chelicerae.
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Microfeeding of Hylobius poles with as
o that excluded any possibility of inte
sreer doses were employed, the insects
-um”_aus invaded the host from within the
aenctration inside the intestinal tract, Sp
wtro, coridia mixed with the liguid conte
curred even though both yeasts and bacte
o contained hyphae inside their digestiv

INTRODUCTION

i=fection of insects by bacteria, pre
duruses is generally initiated by ing

the pathogen. This route of infect
wwever, unusual for most entomo
e nematodes and fungi. Only one {
¢ veast Monosporella unicuspidc
«itved to invade its host, a dipterous
aolusively from within the intestina
halin, 1920). The needle-shaped asco
" s fungus supposedly assist in pes
7 tnrough the gut wall,

With other fungi, there is little or
woable evidence as to what role, if an
i of ntestinal infections play, Histo
»wof iy often lacking or unconvineir
wause the experimental procedures u
taily investigators did not exclude the
iy of integumental infections.

Until the present {ime, no researc
Hetarrhizium  anisopliae has irref
“even that invasion of the host can
“m within the digestive system (}
hagler, 1965). Evidence in favor of ¢
mposed o intestinal, infection does i
st Notini and Mathlein (1944) as
*een (1966) noticed hyphae of Merar:
‘tnetrating proximal portions of

: “uthparts,
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