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ABSTRACT

The bark-boring beetle Ips sexdentetus (Boern)

were collected in lerge numbers from felled pine trees in
Southern England throughout the year. The incidence of

parasitism by Contortylenchus diplogaster =nd encepsuletion

of the nemetode have been studied. The encepsulerted
negétodes are retained in the hnemocoel of only the pupel
.and adult stoge, without any adverse effect on the paresite's
development. All nemstodes in the pupsl strge were encap-
sulated, but meny hsd escaped from thelr cepsules and were
free in the haemolymph. of adult beetles. The extent to

which nematodes remained encapsulated in the edult beetle

decreased with increasing parssite burden.

The morvhometrics of Contortylenchus were studied and

as a result this species was synonymized with C. diplogaster

Ruhm (1955). The variations were considered not a valid
criterion for species differentisztion.

The effect of parssitism on the perasite's volume =nd
fecundity torether with the effect of the varrsite's density
on the development and fecundity of the host were revorted
and discussed. -

The osmotic relatiocnships of C. diplogmster hrve been

investigated. C. dirlogester lives in 2n environment which

14
~

is hypertonic to the body fluid., Basicslly, the process
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of osmotic regulation is similar to the process in other
animal parassitic nematodes. The ability of osmoregulatey,
however is more active in hypertonic than in hypotic
media.

A guantitstive and qualitative study was made of the

haemocytes of I. sexdentrtus torether with the effect of

parasitism on the total snd differential haemocytes count.

C. divlogaster exvposed to a cellular immune reection

in the host haemolymph resulted in the formation of hrem-
ocytic capsule, The haemocytes involved in capsule form-
ation were polymorphic‘plnsmatocytes, srr0ebocytes and
granular hesemocytes. These cells, which aggregaste around
the invaded nematode, then undergo a complex series of
structural modifications, apparently synchronized with the
development of the nematode. The capsule enlarges and
becomes & cellular, multinucleate, hollow sphere, composed
of approximately 250 nuclei, which enlarge and become
amoeboid in shspe; they decline and eventuallj‘the capsule
bgcémes non- nucleate. Before pupation was completed
minute trachecles were found to ramify through these
haemocytes. Tracheation was stimulated by the presence

of the n=metode. Eirhty percent of the cepsules found in
adult beetles were tracheate.

Throughout its development the relationships between



the volume of the carsule 2nd the capsule nuclei were
investigated.

The fine\structure of the cepsule throughout .its
development and the haemocytes which form thevé have been
studied by electron microscopye.

Ultrastructure of the body wall of young and old

perasitic female C. dinlognster has been studied. This

nematode lack & normal cuticle. A membranous layer

(3]

covering the body was found. +“he formation of this leyer

@

has been discussed in reletion to nutrition.
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1e INTRODUCTICN

1¢1s Ecological and Biological Aspects of the Host -

Parasite Relationship

Bark beétles (Coleoptera, Scolytidae), are known
to be serious forest pests in United States and Europe.
They bore their galleries through the bark on its
inner surface (Anderson, 1960). Ips species attack
the dead trees and are considered as secondary pests
of their host.

Ips sexdentatus, Boern, attack the felled timber

pine, Pinus sylvestris as a major pest. 1. sexdentatus

is a European species, introduced into Britain with
imported timber and is now commonly found in Southern
England attacking the Scots Pine. In bark beetles
nematode infection wes reported for the first time by

Leuckart (1884), and the biology and the 1life cycle of

I. sexdentsatus have been studied by Al-Rabiai (1970).
. ' 4

Temperature, moisture and continuous air supply were

the main factors influencing the subculturing of the

beetles (Al-Rabiai, 1970). The nematodes Allantonema

mirabile were found to be encapsulated in the haemolymph

of Hylobius ebietis. Encapsulated nematodes were also
’
found in Ips typographus (Linstow, 1890). Fuchs (1915)

found Tvlenchus contortus typographi (Contortylenchus

11
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diplogaster) in I. typographi: they were also encspsul-

ated.

Crofton (1971) has defined the term parasitism
in three wayé: the state when the parasite injures the
host and ultimately causes its death; when the parasite
derives benefit from its host and does not kill it; and
when there is an equilibrium between the host and the
parasite based on evolutionary adaptation, which under
‘suitable conditions ensures continuity of the relation-
ship by the survival of the unharmed host. Salt (1963%)
stated that parasitism has a considerable effect on
host's physiological conditions and development. Brief
accounts of the effect of parasitic nematodes on their
respective insect hosts have been made by many investig-

ators. Fuchs (1915) considered that Tylenchus contortus

(= C. divlogaster) occasionally killed its host I. typo-

graphus and in most cases reduced the egg oﬁtput of the
female to about half the normal level. Similar observa-
tions were obtained by Massey (1960) in I. confusus
infected by C. elongatus. Goodey, (1931) found that _
therg was an effect on the size and fecundity of the

parasites in Howsrdula oscinella, but he was unable to

detect any effect on the external characters of the
host. Wulker, (1923), never observed any decrease

in size 1in the beetle Hylobius abiletis




parasitized by Allsntonema mirabile.

Welch (1956) was unable to detect any external
effect caused by the perasite, and he found no morpho-
logical differences on the head, body or the appendages.

Mepaselia halterata parasitized by Howardula sp.

nematode had swollen abdomens and transparent cuticles;
these features have often been noticed (Personsl
observation, Riding I.L. 1971). The transparency of the
‘cuticle correlated with the diminution of the fat bodiesg
of the host. Diplogasterid nematode infection cause
insect mortality as they carry coliform bacteria which

caused fatal gepticemia in Galleria mellonella

(Poinar, 1969).
A significant reduction in the level of glycogen
and carbohydrate in the fat body occurred in the adult

degert locust Schistocerca gregaria infected with the

nematode Mermis nigrescens., Also the carbohydrate in

the haemolymph of the males and females was severely
depleted during the active growth of the nematoae
(Gordon et 21, 1971; and Gordon and Webster, 1971).
Reduction in size, weight snd diminution in the fecund-
ity of the host have been reported by Cobb (1921) in

cucumber beetles Diabrotics uttata and D. trivittata

when infected by Howasrdula benigna nematode., lMassey




14,
(1964, 1965) reported that either no eggs were laid
or a drastic reduction in egg production by Scolytus

ventralis (Lecout) females and Dendroctonus obesus

respectively occurred when parasitized by the nematode

Sulphuretylenchus elongatus. Sulphuretylenchus sp.

reduced the fertility of I. confusus, (Nickle, 1963).
Welch and Bronskill (1962) found that the emergence
rate of mosquitoes was retarded by nematode infection.
Howardula sp. significantly reduced copulation of M.
halterata and multiple psrasitism has an adverse effect
on the size of both hosts and their parasites (Riding,

1971)., Heavily parasitized I. sexdentatus were unable

to leave the log, their fat bodies were found to be
seriously depleted and they were unable to replace food
reserves consumed by large number of parasites in their

haemolymph (Al-Rabiai, 1970). Contortylenchus sp.

parasitizing I. sexdentatus affected the feﬁalegs .

fecundity when the number of eggs laid was reduced by
40%, and the development of infected pupae was also
delayed (Al-Rabiai, 19705. The effect of parasitism

on the parasites has been recorded by many workers.
Goodey (1931) found that there was an effect on the size

and fecundity of Howardula oscinellae when they occurred

in large numbers. Welech (19%56) found the ssme relation-



ship and "Size ~ number” relations suggest that there
is competition between individuals. Riding (1971)
found that a§ the number of parasites increased, a
reduction in length or width of the parasites also
increased. = -

Ruhm (1956) recorded that the rates of parasitism
of-the nematodes in 12 species of bark beetle sampled,
were less than 10%. Massey (1962) gave percentages for
different localities with many variations of incidence.

Parasitism of fleas with Heterotylenchus pavliovskii

increased from 2 minimum in the spring to the maximum
in October (Massey, 1é62). Welch (1956) stated that
in bark beetles the rates of perasitism of nematodes
vary considerably and Al-Rabiai (1970) found no signif-
icant differences in the incidence of parasitism

between males and femsles I. sexdentatus infected by

Contortylenchus sp.

The life cycle of the bark-boring beetles Ips
sexdentatus together with the life cycle of Contorty-

lenchus diplogsster have been established (Al—Rab{ai,

1970). This work has been further developed using the
various techniques available for the study of the

nematode -~ host relationshipe.



Host Resction 16

Phagocytosis is a phenomenon which is widespread
throughout the animal kingdom (Tripp 1963%). The defence
reactions aré usually discussed under the categories of
humoral and cellular immunity, especially with regard
to insects (Brook, 1969). Humoral factors (sntibodies
or other factors in the body fluids) and cellular
reactions (e.g. phagocyt%a encapsulafion and leucocy-
‘tosis) form the basis of the host defence. Besides
phagocytosis, which is often equated with cellular
immunity, encapsulation and leucocytosis are also
important cellular defence mechanisms. Most metazoan
parasites are too large to be phagocytosed by a single
blood cell (Brook 1969). '

Encapsulstion could be defined as a process of
collection and formation of a capsule around a foreign
body by celluler elements. Salt (1963) exténsively
studied encepsulation in insects, snd considered the
capsules around the parasites to be formed by haemocytes.
The resistance of the hoét to metazoan perasites 1is
attributed to the encapsulating activity of the haemoc-
ytes. In his excellent review of an insect's response
to a parasite, Salt (1963) reported that defence reactions
to metazoarn occur in 14 orders of insects, including

Lepidoptera, Diptera, Hymenoptera and Coleopters.



f

17
After reviewing the litersture, Salt (1963) conc-

luded that the haemocytes of insects were the major
defences to ?he internal metazoan parasite. Shapiro
(1969) stated that the host reaction to parassitism
depends on the host, the parasite and the environment.

There may be no defence reaction, or the host
reaction may retard the growth and development of the
parasite, or the reaction may adversely affect a
certain percentage of parasites and the reaction may be
so effective that the parasite is retarded completely or
destroyed (Wittig, 1962);(Doutt, 1963). Host defenceL
reactions can be classified as: reaction of tissues,
cells and crgsnelles and as humoral reaction (Salt,
1957).

Several means of defence of insects against the
parasite have been listed by Salt (1963), which include
that by the virtue of their exoskeleton (acfively avoid),
passively withstand-the attack and then escape infection,
destruction by digestive_enzymes fhose parasites that
enter through the mouth, and they overcome their
internal parasites by various physiological processes.
It is chiefly to the latter processes that reactions
are made by haemocytes.

The defence reactions to metazoan parasites are

generally characterized by the aggregation of the host
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haemocytes sround the parasite and the deposition of
melanin on the parasite surface. Various studies have
been carried’out on the encapsulstion reactions (Salt,
1963, 1970; Poinar, 1969), but how the insect recognizes
the foreign body has still not been answeréd.

lomunity is presented in relestion to host escape
from (factors which prevent the infection) cellular
responses, melanizetion and humoral properties associated
with the arthropod host (Poinar, 1969). The naturel
immunity of insects to bacteria is mainly phagocytic,
but it varies enormously in different insect species
with respect to differeht micro-organisms, (Wigglesworth,
1961). Wigglesworth described the acquired immunity
resulting from infection with pathogenic organisms as
a general immunity in which the essential response seems
to be an increased sensitivity towards the organism on
the other part of the body cells, with the ﬁervous
system avrparently cbnhected in some way with the change.
He also believed thsat phaocytosis,#giant cell formastion
and encapsulation are more motile. Wigglesworth (1961)
stated that entomophagous parasites show some specificity

to the host in which they will develop, eg. larvae of

Toxostege sticticalis sre non-susceptible to Eulimnevia

sp. (Hymenoptera). This type of specificity may be due

to the very active encapsulation by haemocytes. In

L
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invertebrates, Huff (1940) described and divided the

mechanisms by which the animals acquire and maintain
immunity to infective organisms into two groups dealing
separately with humoral and cellular reactions. Céll—.
ular immunity or phagocytosis results from the activity
of the haemocytes.

- Encapsulation of metazoan parasites has been shown
to be controlled by haemocytes which play a part in the
éncystment of the foreign bodies. They form the capsule
around the invading body and may cau;e its death by
cutting off supplies of oxygen or nutrients. TFrom past
observations which havé‘been made by meny investigators,
their explanation of the reactions varies considerably
according to the cause of immunity of the insects to
certain invading parasites. In the last century
Metchnikoff, Ceunot, Levaditi and others, noted cellulsr
reactions in insects in response to the invasions of
certain parasites. (

Marchal (1906) stated that the cyst which surrounded
the parasite's eggs was formed by amoechytes as young
conjunctive cells of the host. Pemberton and Willard
(1918) found that eggs of hymenopterous parasites
deposited within melon fly larvae, become encyted within
a mass of transparent cellular raterial. Holland (1920)

discussed the formation of leucocytic agglomeration

o~
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around the encysted larvae and that these leucocytes
caused the formation of the cyst. The actual defence
of the body against infection depends largely on the
part played by haemocytes (Wells, 1925). Crickets and
grasshoppers have been observed to react to the
presence of both nematode and insect parasites. In

Acheta (Giryllus) domesticus, the house cricket,

Cuenot (1895) found living nemztodes, and melanin
‘reactions occurred in an encysted stage, with the cyst’
surrounded by a covering of haemocytés. Several refer-
ences to the encepsulation of spi%utoid nemetodes in

the body cavity of graéshoppers were listed by Chebaud
(1954). Many suthors mentioned the formation of

loose capsules around parasites but gave no information
regarding its structure. (Fuchs, 1915; Al-Rabisi, 1970).

Foster and Johnson (1939) found that in Leucophaea

maderae the spiruroid larvae Protospirura muricola was

surrounded by a disé—like capsule. The capsules were
very thick and a single cockroachloften formed several
hundreds of them. Salt (1963) mentioned that within
24 hours the parasite was surrounded by a thick capsule
with melanin and within two days the parasite was dead.
Grimston et 21 (1967) using the electron microscope
studied the cellulasr capsule formed by the hnemocytes

of Ephestia kuehniella around foreign objects introduced




2l
into the haemocel; they concluded that foreign bodies

implanted in the haemocoel of an insect almost invariably
become encap?ﬁlated by blood cells. An electronmicrosc-
opical study has been made by Mercer and Nicholas (1966)
of the capsule surrounding the acanthocephalan parasite

Moniliformis dubius in its intermediate host, the

cockroach, Periplanets americana. They found that the

parasites' surface chowed features similar to that of
the adult host which they interpreted as pinocytes.

This capsule dces not prevent the growth and development
of M. dubius which is still able to tazke up nutrients
through the capsule wall.

It hze besn sugrested by Muldrew (1953), Thorpe
(1936) and Wigglesworth (1959) that the cspsule inhibits
the post-embryonic development of the parasitoid by
asphyxiation. Seureau (1973) studied the cellular
reections caused by a subulurid, and spiruﬁid nematodes

in Locusta migratoria, its localization and structure.

He found that the capsuls structure corresponded either
to the "granuloma" type haemocytic reaction (subuluridae),
to a cellular hypertrophy of the infested tissue with
proliferation of fibrillar material (Rictularidae,
Physalopteridae, Spiruridae and Dipolotriaenidae), or

J
to & lveis of muscular fibres (Acuariidae).
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Wigglesworth (1956) indicated that insect haemocytes

contained neutral mucopolysaccharides. The haemocytes
secreted neutral mucopolysaccharide during the formation

of the capsule of Polymorphus minuta (Crossley, 1964;

Crompton, 1964). Bruce (1970) stated that the capsule

wall of Trichinells gspiralis in host tissue, consisted

mainly of collagen and cystine and from an electronmicro-
scopic study he féund that the capsule was packed with
mitochondria; rough and smooth endoplasmic reticulum,
and golgi complexes. These, together with histochemical
reactions, strongly suggested that the capsule's cyto-
plasm was a region of high metabolic activity. Encap-
sulation may be quite rapid, occurring in a few hours,
or the structure may be changed slowly from one with
concentric layers of distinct cells that surround the
parasite, to one of a connective-tissue-like syncytiunm
or finally into a thin non-cellular membrané. Many
capsules in insects have trachea and tracheoles
embedded in their surface tissues - this is probably
related to the tendency of these organs to migrate
actiyely towards regions of low oxygen tension (Wiggles-
worth, 1954).

Fuchs (1915), found that the cellular capsule

surrounding C. diplogaster, containing tracheoles and
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was covered externally with tracheae.
Encapsulation of parasites has been observed in

at least 30 species of coleoptera, chiefly Scarsbzeidae

and Tenebrionidae. Beetles that have been suggested to

encapsulate Spiruroids are listed by Salt (1963).
Reports of host reactions in coleoptera were mentioned

by Schneider (1871), who observed that Echinorhynchus °

gigas was enveloped in a fine cellular capsule,

2 J

bomposéd of connective tissue in the body cavity of

the larva of Scarabid Melolontha vuléaris. Kaiser

(1893) found that the beetle Cetonia aursta responded

to the parasite E. ggggg while it wes still penetrating
through the gut wall.

Some of the earliest and the most thorough work on
insect defence reactions made use of coleoptera and was
in 1891 when Durhem injected indian ink suspended in

saline into adult water-beetles Dytiscus marginalis and

observed clumps of éarbon particles surrounded by
haemocytes. Durham mentioned in his paper the essential
points of the reaction, the ageregation and flattening
of the cells and the formation of a syncytium. An
ultrestructural study of the formation of melanotic

capsule in the beetle Diabrotica balteata and D.

undecimpunctata in response to the mermithid nematode
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FilipjeviMermis leipsandra has been carried out by

Poinar et al (1968). They concluded that their evidence
suggests that melanization is an integral and natural
consequence of the chance contact of blood cells around
the parasite and can be considered as much of a defence
reaction as the encapsulation phegpmenon. Fuchs (1915)

described Tylenchus contortus (Contortvlenchus diplo-

gaster) from the body cavity of the adult bark beetles

1. typographus and observed that the paresite was often

surrounded by s cellulesr capsule. Ashraf and Berryman

(1970) reported that encapsulation of the nematode

Sulphuretylenchus elongatus in the body cavity appeared

to be surrounded by haemocytes. They observed encap-
sulated nematodes only in the first to third instars
and the reaction occurred only sround eggs and first
stage S. elongatus larvae. In the present gtudy, an

analysis of the cellular resction of Ips. sexdentatus

has been made. Parasitic females of Contortylenchus

diplogaster invade the haemolymph of the host, and

induce the formation of the cellular capsule, which is
derived from host haemocytes. Investigation of the
structure of the capsule wall and its content, together
with the composition, have been made using the electron

and light microscopes and histochemical techniques.



The reaction has also been described in terms of
histology and insect physiology.

Contortylenchus (family: Contortylenchidae) was

established by Ruhm (1956), as & new genus. He also
described many new species 2nd genera including the
group of "Contortus" (Fuchs, 1915). Nickle (1967)

reviewed the classificetion of Contortvlenchus. Massey

(1957) mainly used the variations in morphometry of the
adult females of C. brevicomi and C. barberus as a
criteria for separating them, while Thong and Webster
(1972) redescribed C. brevicomi and C. barberus and
synonymigzed them as Q.kbrevicomi. They believed that
the original separation was based on minor morphometric
variations, which they considered as intraspecific
rather than interspecific.

Nematode parasites from different species of host
are not necessarily separate species themselves (Thong

and Webster, 1972). Al-Rabiai (1970) recorded Contorty-

lenchus sp. for the first time in I. sexdentatus. She
stated that its messurements and characteristics diff-
ered. from other species, that had been described
previously, and suggested that it was a new species
without giving sufficient evidence for this suggestion.

Fuchs (19%0) stated that similar nematodes that occur in
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other hosts could belong to the same species, but may

have different forms as for exsmple, Paragitaphelenchus

sp. in I. sexdentatus, I. acuminatus and Pityogenes

bidentatus. Therefore it is possible that the genus of

Contortylenchus sp. may have a wide range of related or

unrelated host species. Ruhm, (1956), listed species

of-Contortvlenchus spp and their hostsg:i-

1. Contortylenchus cunicularii (Fuchs, 1929) in

Hylestes ster and H. cenicularius

2. C. cryphali in Cryphalus piceae

3, G, chalcograph, (Fuchs, 1938) in Pityogenes

chalcographus

4, C. tomici in Pityogenes bidentatus and P. guadrideus

5. C. lsricis, (Puchs 1929) in I. laricis and I.
suturalis (orthotomicus)
6. C. 2mitini in 1. amitinus

7. C. ac.uminati in I. ac_uminatus

. diplogaster, (Fuchs 1915), in I. typographus and

0
L]
@)

las

. cembrae
In this study, C. N. sp. Al-Rabiai, was synonymized

with C. diplogaster, the reasons for this reclassification

are discussed. The variations in the morphometrics of
this nematode are related to stresses of the complex

host-parasite relationship.
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1.2. Physiological aspects of the Host -~ Parasite

Relationship

a) Haemocvtes

The haemolymph of insects conteins many different
types of cellulsr elements known as haemocytes;
Yeager (1945) divided the blood cells that he found

in-the caterpillar Prodenia eridonia €ram into ten

classes and thirty-two different types. Some of thesge
'types had more then two variants. Wigglesworth (1959)
| and Jones (1962) have provided condensed accounts of
more recent work, summarising the verious functions of
insect blood cell. Jones (1959) restudied the various
classes of blood cells in Prodenia using unstained
preparations with the phase microscope. This resulted in

several changes in Yeager's classification. Jones

h
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H

suggested that this new system would be sufficient
identifying and comparing blood cells in different
orders of insects. -He found eight classes, and three
well defined types n~re present in the majority of
insect species.

In the present study an investigation of the

haemocytes of Ips sexdentatus wes made. Identification,

classificetion snd variations in blood cells pictured

at different stages . of development of the insects were
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determined; following the classification that have been
suggested by Yeager (1945), Jones (1959, 1962) and
Wigglesworth (19%9, 1959). Different types of haemo-
cytes were distinguished by their shapes, type of
nucleus, and presence or absence of cytoplasmic
inclusions.

_.. Total haemocyte counts (THCs) for different orders
of insects have been published by several authors. The
THC is a measure of the density of blood cells as a
" number per cubic millimeter of haemolymph. In some
insects, only a few hsemocytes may be circulating and
others may be attached to the tissue surface as in
Rhodius (Wigelesworth, 1959). Many insects have total
haemocyte counts ranging between 20,000 to 100,000
haemocytes per cubic millimeter of blood (Tauber and
Yeager 1935, 193%6) while others have THCs below 10,000.
Numbers of blood cells vary enormously froﬁ time to
time according to the physiological conditions of the
insect and the stasge of its life cycle. In the cricket,

Gryllus assimilis, the number ranging from 15,000 to

275,000 per cubic millimeter, and average of 70,000 has

been obtained, while in Periplaneta americana 15,000

to 60,000 and the highest values were obtained during

ecdysis (Wigglesworth 1961).
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Shapiro (1967) studied the pathologicsl changes

in THCs in Galh&rigﬁhnuﬂja during the course of

Nucleopolyhedrosis and starvation. The THCs decreased

in starved and inoculated larvae, and were significantly
lower than control larvae. Gillism and Shimanuti (1967)
found that the THCs in honey bees infected with Nosema

were fewer than that of healthy bees. In Periplaneta

americanusg the THCs ranged between 45,000 to 60,000 cells

per mm Wheeler, 1963). Vheeler calculated the number
of haemocytes in the entire insect and suggested that
this method gave more relieble informstion concerning
changes in the haemocytes number than THCs zlone
because the latter obviously veried according to the
haemolymph volume (Wheeler, 1963). .

The increase in number of haemocytes prior to
ecdysis is due to a decrease in haemolymph volume.
Wittig (1965) studied quantitatively the changes in the
blood tissues caused by an insect pathogen in the
haemolymph of caterpillars, found that in diseased
animals the THCs dropped within a short time to less
than half its original value. Nappi and Stoffolano
(1972) found that differential haemocytes counts (DHCs)
showed a decrease in number of special types of blood

cells in Orthellia caesa¥iolg larvae infected with the
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nenatode Heterotvlenchus autumnelis. Algo in Droso-

2
phila melanogester infected with Pseudlicoils bochei,

Nappi (1973) found the DHCs from pesrasitized larvae
showed a slight incresse in the percentzge of crystal
cells and a decrease in the percentage of lamellocytes.
He suggested that the parasites had suppressed the-
immune reactions of the host.

The relationship between different types of
haemocytes and the parasite density were determined in
this study. Ranges of cells and the nuclear dimensions
of 8ll classes of haemocytes are presented. This study
attempts to correlate the effect on parasitization of

the pupal and adult beetle by Contortylenchus, and the

haemocytes involved in the defence reaction.

b) Osmotic repgulation

Nematodes which inhabit the alimentsary tract of
insects are subjected to changes in osmotic pressure,
when the host undergoes moulting (Lee 1960) as in

Hammerschmidtiella in the intestine of the cockroaches.

Like nematodes inhabiting the gut, the parasitic

female nematode Contortvlenchus diplogaster, inhabiting

the haemocoele of Ips sexdentatus is bathed in hyper-

tonic solution.

There is no published dezta on the osmotic relation-
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ship of this parasite to its host, 2nd its isotonicity
is unknown. Since nematodes dissected in 0.75%
entomologicai saline burst, this solution was obviously
hypotonic. Therefore, experiments were done to
determine the éffects of several electrolytes and non-

electrolytes on Contortylenchus, and to investigate

the- isotonicity of this worm in which it could survive
long exposures. At the same time osmoregulation of the
haemoaﬁtic bapsule wag investigeted in order to see if
the capsule'was'é living tissue, and to understand the
interrelationship between the regulations of the
encapsulsted nematodesrand their capsules.

The osmotic pressure of the haemolymph of insects
is generslly higher than that of memmalian blood (Florkin
and Juniaux, 1964). The osmotic pressurégexpressed in
terms of a lowered freezing point for insects generally
ranging between - 0.5 to 0.900. These autﬂors stated
that insects are aﬁle‘to regulste the osmotic pressure
of their body fluids so that some insects show a
considerable increase of the osmotic pressure of the
haemolymph during overwintering, owing to the accumul-
ation of glycerol. These changes in osmotic pressure
of the haemolymph, will subsequently affect the parasites

that live in the bleood, thus Contortyienchus diplogester
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in the haemocoel of Ivs gexdentetus méy need to with-

stend a fluctuation in the osmotic pressure of the
haemolymph.

The Contortylenchus sp. life cycle wes described by

Al-Rabiai (1970) for the first time in the bark-boring

beetle Ips sexdentatus. Only the mature female is

parasitic, the free-living infective femsle penetrates
the host pupa (Al-Rabiai, 1970). This female develops
and. rébroduces in the haemocoel of the host, the third
stage larvae eventually escaping from the capsule and
haemocoel, penetrate the gut and escape from the beetle
through the anus as fourth stage larvae, where they
start to be free-livine.

Contortvlenchus lacks a mouth and has no functional

gut, so that the body wall and its folds form the
surfaces throush which nutrients sre absorbed. Feeding
obviously occurs, since the nematode increzsses greatly

in size after penetretion.
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2o MATERTALS AWD METHODS

2ele Source of Material

Bark-boring beetles Ips sexdentatus (Boern) were

collected from felled logs of the Scots pine Pinus

sylvestris from the Forestry Commission station at

Yately, Berkshire and Alice Holt Station near Farnham,
Surrey, at intervals from April to December throughout
the three years of this study.

'Séveral hundred adult beetles, pupae or larvae
were obtained from these logs at each time of sampling.
Since it was impossible to dissect these insects all
at the sasme time, they\were stored alive in plastic
containers lined with wet tissue paper with fresh bark
at 10°C until required. These beetles were used either
for sub~-culturing or for further experiments such as
"incidence of parasitism and encapsulation in wild
population at different times of the year ffom different
places. The beetlés could be kept for months at this
temperature providing a piece of fresh bark was added
from time to time.

Hundreds of male and female beetles, from larvae to
adults, were dissected from each sample and the data
obtained is summarised and illustrated in the results

section.



2.2. The Laboratory Maintenance of Ips sexdentetus and

the Contortylenchus divlogaster

Al-Rabiai (197C) described rearing techniques for

l. sexdentatus but had little apparent success in ests-

blishing an optimal supply of insects. The technique
used in this study was similar but several slight
modifications gave a greater gbundance and a more
reliable source of material. IYreshly cut logs were

| allowea to dry for a week, then each piece was longitud-
inally chopped into halves and the t@o ends and the cut
surface were covered with melted wax to retain moisture
in the wood. Each piece was inoculated with 4 - 8 male
and female beetles, and each log was kept in a polythene
‘bag until the beetles had bored their way into the wood.
When frass appeared, the logs were transferred to the
26°C C.T. room, stood in pairs in a tray, covered with

a polythene bag, and fixed to the tray to form a seal.
Small holes were made in each bag to allow exchange of
the gases. Then they were stood on shelves and the
whole system was supplied with fresh circulating air

at 26°C and relative humidity of 70%. This breeding
technique wes most efficient because under this condi-
tion the beetles emerged within a month or even less

regardless of whether they were parasitised or not.

34
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Both infected and uninfected adult beetles were used

for sub-culturing in order to maintain the host popul-
ation and to,keep a continuous supply of the parssites.
Adult beetles and pupae from each generation wefe
examined to find the incidence of parssitism and for
other experimental purposes. Subcultures were made from
each generation.

2.%., Haematology

, 2e3sle Classification and ldentification of host haem-

@

ocytes

Haemolymph smears were made from insects that had
been immersed for 5 - ib minutes in water at 10°C in
order to immobilize the cells. Blood smears were
obtained from larvae and pupae by piercing a needle into
the side of the insect, leaving it to’bleed on a clean
slide and then quickly smesring the blood with another
slide., Smears were obtained from the adults by severing
a proleg and allowing a drop of blood to exude on to a
clean slide and smearing as before. Untreated blood
smears were also prepared in the same way for all stages
in order to see the differences between the two prepar-
ations. The smears were allowed to dry in the air fixed
in methanol and they were stained in Giemsa stain (Roman-

owsky modification) for #5-50 minutes. Blood smears for
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all stames were examined under a compound microscope

and Cameras lucide drawings were made for all different

classes and types of cells. They were also measured
and photographed so that a complete record of haemocytes
from the different insect stages was obtained.

2.3.2. Total and Differential Haemocyte Counts (THC

and DHC)
THC
Different stages of infected 2nd uninfected male

and female Ips sexdentatus were used and the number of

parasites in infected hosts variéd between 1-10. Blood
samples were prepsred using a Hamilton 10 Pl syringe

and 1-2 pl of blood was obtsined essily from pupae. To
.collect the haemolymph the insects were cooled down by
keening them in the refrigerator snd then the haemolymph
was easily withdrawn, and was quickly diluted 10-20 times
using diluting fluid (Feir 1964)(table ! in the appendix).
Samples from adults were obtained from the side of 2nd
abdominal segment after the legs were clipped off close
to the body. The sample was then mixed well and both
chambers of the "Improved Neubauer haemocytometer" were
careéully fitted. Blood cells in the ruled area were

counted and two counts were made for each sample, the

mean number of blood cells was used to calculate the
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average number of blood cells per ml. (see appendix
for calculation).

DHC

For parasitized and unparasitized insect pupae
and imagoes', HDC were made by using well-prepared and
stained smears. The strip method of counting was used
(Darmady and Davenport, 1968), the cells were counted
in strips running from left to right. The first 200
cells were recorded for each count, and two different
counts were made from each smear. From those 400 cells,
the percentage of each haemocyte type was calculated
and the mean percentagé of each type from the two counts
in every smear was obtained. The data for both parasit-
ized and unparasitized pupae and adult insects waé

tabulated and illustrated as shown in the results.
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2.4, Histochemical Technigues

Infected beetles were dissected, the capsules and
the adult parésitic females were collected for histo-
chemical investigation. (Most of the histochemical
tests used were as mentioned by Pearse (1968) or other-
wise stated). The cepsules were immedietely fixed in
agueous Bouin, Carnoys, Lillie's buffer, or alcohol.

10% neutral formalin or Baker's formal czlcium (Pearse,
_1968).‘ Specimens were embedded in 1% plain agsr, then
dehydrated in graded series of ethanol and graded mixtures
of ethanol and celloselve and pure celloselve 2 changes
(30 min.) in each‘solution. The material was then treated
with a mixture of celloselve and ester wax and pure

ester wax. Sections of 2 mu thick were cut.

2.4.1. Carbohydrate

Material wés fixed in aqueous Bouins, Carnoys and
alcohol, and brocessed as mentioned above, tests used
were the Periodic Aéid Schiff technique (P.A.S.) to
detect glycogen and mucopolysaccharides, Best's Carmine
stain for glycogen and toluidine blue for metachromasia.
Controls were treated with either diastase to remove
glycogen or incubsted in filtered salivary amylase for
1l hour at 5700 before staining.
2.4.2. Proteins

The techniques performed on Carnoys, formalin and



alcohol-fixed materirl were, the mercury bromophenol
blue for general proteins, Millon's resction was used
for tyrosinefcontaining proteins on formalin and
alcchol-fixed material.

2.4.%3. Lipid -

- The material was fixed in formalin and the whole
nematodes and the capsules were stsined in oil red O
(Lee 1960a)to demonstrate neutral lipids. Wax sections
were stained in Sudan black B to show bound lipid. In
control secticns lipid, was removed with chloroform:meth-
anol 2:1 (v:v) mixture for 12 hours at 37°C.

2.4 4. Enzymes F

Whole nemrtodes were fixed in cold acétdne or cdld
alcohol for 4 - 6 hours at 4°C or in Baker's formal
calcium for 6 hours ot 4°C, Specimens were tested fqr
alkaline phosphétase activity using the modified coupling
azo dye method (Gomori''s technique). Acid phosphatase
activity was demonsfrated by Gomori's lead nitrate
method. Esterase ectivity wes exesmined using Gomori
azo coupling technique. All tests were done with
sppropriate controls running the same process minus the
substrate.

2.4.5. Haemoglobin

Haemoglobin was demonstrated using the Benzidine
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method (Crazlph's 1941, and Glick 1949). The capsules

and the nematodes were fixed in alcohol or formslin

for 24 hours; Following this process both the capsule

and the nematodes were flooded in benzidine reagent

for 15 - 30 minutes, transferred to peroxide reagent

for 10 - 15 minutes, weshed in distilled water, dehydrated
in--alcohol then cleared and mounted in Canads balsam.

2.4.6., Amino Acid Analysis

Empty capsules were collected from dissected beetles
and kept in diethyl ether in a deep freeze until enough
material was available for znalysis. The capsules were
washed seversl times in a centrifuge tube with triple
distilled water, then the capsules were centrifuged
several times with ether, lastly the excess of ether was
removed from the final protein fraction, which was
h&drolyzed in,4‘m1 of 6NHCl in a sealed 5 ml ampule.
Hydrolysis was in an oven 2t 110°C for 24 hﬁurs. The
next morning the acid hydrolysate was filtered and evap-
orated six times on 2 wetch glass over a steam beth to
remove the excess of HCl., TFive ml of distilled water
was used for each evaporstion. The residue containing
the samino acids was analyzed in the Biochemistry Depart-
ment. The amino acids present in the capsule are shown

in the results.
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2.5. Comparison between the growth of the cavsules =nd

the development of the parasite using Feulgen

nuclearlétain

Encapsulated nematodes were collected from different
stages of the host; pupese, young adult méles and females
and old adult beetles. The cavsules were arrenged accord-
ing-to the development of the parasites they contained;
capsules from pupze contained only immature, developing
adult hematodes, capsules from very young adult hosts
contain fully mature nemertodes and eggs while the third
group of capsules contained both nematode eggs and their
1arvaé. In the last gfoup, which were from old =adult
beetles, the parasite had finished laying eggs, all had
hatched and 211 the larveae had left the capsules. This
classification was found to be the most reliable method
to follow the development of the capsules in relation to
the development of the nematodes they contained.

The staining method of Bird (1972) was used. The
capsules were mounted individually on a cavity slide in
neutral Conada Balsam under a cover slide. That was the
best way to‘keep the capsules in their shape without any
damage, although some distortion was inevitable. Each
group of capsules was examined separately with a compound

microscope and a Cemere lucida drawing was made for




each capsule, for the nem=tode, and for 10 nuclei
chosen randomly from each capsule. The number of nucleil
in each capsﬁle was counted and mean number of nuclei
was calculated for easch group of capsules. Great care
was taken to ensure that only single rows of nuclei
were counted at 2 time by avoiding out-of-focus over-
lapping, the slide was inverted to count the nucleil on
the other side of the capsule. The volume of the cap-
sules for each group was calculated and the mean was
taken; the seme was done for the nﬁélei. The mean
volume of the nuclei was calculated and was multiplied
by the mean number of ﬁuclei in each group to give the

total volume of nuclei. All volumes were determined

using this formula:

. o)
4 a b
. volume = ?-. =

a = the major axes b = the minor axes
‘The ratio of the total volume of nuclei to the volume
of the capsule for each group was calculated and plotted
against the stages of the develovpment of the nematode in
each group. The mean number of nuclei in each group of
capsules together with the mean volume of the capsules
were compared to the developmental stage of the nematode

as shown in the results.

o)
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2.6. Measurement of Mematodeg

During the dissecting of the insects it was noticed
that the sizé of the perasites decrerssed as the number
of parszsites present in the hsemocoel increased. It wss
therefore congidered important to investigate the effect
of paragite density on the parasites. Insects from the
same generation and mostly of the same age were collected
from the stock culture. In wild beetle populations,
normally % - 8 adult nematodes were present, and rarely
15 - 18, but as many as 60 females‘hhve been found. In
the stock culture, higher infections were common and up
to 150 females were found in a single insect. The para-
sites were collected from infected hosts and organized
into groups asccording to the number of parasites present.
1 - 10 nematodes per beetle was most common and 7 - 10
replicated samples in each group were recorded., The
measurements of maximum lengths and maximuﬁ body widths
of parasites were dbtained using the é%ular micrometer,
The volume of individusl paresites in each group was
calculated according to the method described by Andressy
' (1956).,  The percentage reduction in volume of the
parssites was based on the mean volume of a single
parasite infection. The percentage reduction in volune
from each frequency wes plotted against the number of

parasites per host.
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2.7« Effect of Paragitism on Parasite Fecundity

It was easy to distinguish between eges and larvsase

of Contortylenchus sp. with a binocular microscope, but
was difficult to differentiate between the stages of
larvae. It was decided to count the total progeny
including egegs for each parasite using a lMclMaster count-
ing chamber to obtain the total perasite progeny in eech
beetle rather than differentiate larval stages. The
number of adult parssitic female nemstodes per host was
recorded and the mean number of progeny per parasite was
calculated. From this dats the percentage reduction in
number of progeny per ﬁarasite in relation to the number
of adult femsle parasites per host was obtained using
single infections as controls. The data wes summarised
and the percentage reduction in the mean progeny was
plotted against the number of adult female parssites per

hoste.
2.8. Effect of Stervetion on Heavily Infected Host

One hundred adult male and female I. sexdentatus

from the same generation were collected from a laboratory
stock culture and were used in starvation experiments.
The beetles were kept in plastic containers lined with
wet tissues covered with black filter paper snd kept in

+

black polythene bags without food st room temperature.
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The beetles were left for 4 weeks and checked every day
for mortalify. Dead beetles were dissected to determine
the infection rete and arrenged in groups according to
the number of parassites per host. The data wss summar-
ised then expressed ageinst the mortelity time as shown
in the results.

2.9. Osmoregulation Experiments

2.9.1. Yor adult parasitic nemstodes free in the haemo-

lymph

Adults of I. sexdentatus were dissected in 0.85 per

cent entomological saline. Adult parasitic females of

Contortylenchus were collected from the hzemolymph of

the host 2nd used in the experiments becsuse they were
not so active as the larvae and were therefore easier to
messure.

The nematodes were individually placed in various
experimental solutions in solid watch glassés filled
with the test solutions. The wetch glasses were covered
with glass and sealed, the length of each nematode wes
measured in 0.85 per cent entomologicsl saline and then
placed in test solution. The watch glesses were kept
covered in perspex dishes with tap weter to keep the
humidity constant. The nematodes were observed and

measured under a microscope using @ micrometer eyepiece
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at 30 min. intervals (Croll & Viglierchio 1969). This
measured the increase or decrease in length in various
solutions. ?ive individuals were used and the changes
were expressed as the mean percentage change.

The solutions used were various\dilutions of

entomological saline, different molerities of sodium

chloride 2nd sucrose a2nd distilled water.

2.9.2. Effect of chenges in the osmotic pressure upon

the capsules of Contortylenchus

Infected pupae were dissected in 0.85 per cent
entomological ssline and the capsules were placed in
0.85 per cent in cavit& slides. Initisally, drawings

were made using Camera lucida for each capsule, and the

capsules were transferred to another cavity slide with

experimental solutions, Camera lucida drawings were made

for each capsule at 20 min. intervals. The drawings

were made on the ssme kind of paper, then tﬁese drawings
were cut and weighéd, and the differences in the weight

of the paper were calculated. Capsules in a cavity slide
were covered with a coverslip, éealed,.and placed on a
bridge in a covered perspex box containing a little water

at the bottom to prevent evaporation. Four capsules were
used for each experiment and all the capsules were collected

from pupae because they were ersier to see. The soluticns
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used were various molsrities of sodium chloride and
different dilutions of artificial sea water.

2.10. Oxygen consumption rate

1l. Adult beetles

I. sexdentatus of the same age and the same gener-

ation from a lab. culture were used. There were equal
numbers of infected and uninfected meie and females, but
the infected ones had different numbers of parasites.

One insect was used for each examination in a Spenser
Davis (1966) constant pressure respirometer. (see app-
endix). FEach individual insect was allowed to respire
for between one to two_hours until a rate was obtained.
The respirometer was then removed from the water bath,
and the fluid displaced in the manometer was measﬁred,
using a micrometer. The oxygen volume used during that
period was then calculated (see appendix). At the end of
each experiment the insect was dissected, and the

number of parasiteé recorded. The tissue of the host and
the parasites were bulked dried then freeze dried for 24 hrs.
(using Edward's freeze dryer) and weighed using a micro-
electron pan balance. The amount of the oxygen consumed
was calculated in‘nlOQAug d. wt./hour, for each parasite
frequency group of males and female beetles (appendix‘i )
The data was summarized and illustrated as shown in the

results.
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2. Adult Parasitic female nemstodes

The respiratory rate of the parasitic females

Contortylenohus sp. was determined with an oxygen elect-

rode. (Yellow Springs Instrument Co. ICN models 53%),
biclogical oxygen monitor. Beetles from the same gener-
ation were dissected and nematodes found free in the
haemolymph were collected. Forty to eighty individuals
were used at & time, esch group of nematodes were from a
single host. More then one experiment was done using the
Qematodes which were collected from a single host when it
was heavily infested by more than 100 adult paresitic
female nemmetodes. Active, undamaged adult nematodes were
counted and transferred by a fine hair to the cylindrical
respiration vessel which contained a known volume, of
0:85% entomological saline 2nd a magnetic stirrer. To
avoid damage to the nematode the magnetic was extremely
small., The electrode wes standardised with distilled
water passed throuéh a rubber plunger which fifted tightly
into the neck of the respiration vessel. A slot in the
side of the plunger a2llowed the air to escape when the
electrode was pushed into the vessel. The electrode was
standardised with distilled water saturated with air, a
probe test was performed at the beginning of the exper-

iments daily. If the drift was more than 0.5 per cent in
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15 minutes the membrane was replsced. The exveriments
were cerried out ot BOOC. The nematodes were left to
respire for 10 - 20 minutes, then removed snd weshed
with distilled water and centrifuged seversl times, be-
fore freezing and drying. The dry weight of each group
of nematodes wes measured using 8 microelectron balance
as -previously described. The amount of dissolved oxygen
rer ml of entcmological saline under one stmosvheric
pressure at 30°C was obtained from Manometric techniques
of Umbreit et el (1957) for 0.0260 ml of O, is present in
1 ml entomological saline. From that, the amount of
oxygen consumed by nematodes and in the experimental sol-
ution used was calculated. By recording the percentage
saturation of oxygen at the beginning and at the end of
the experiments in a known period of time the difference
between the two gave the percentage of oxygen consumed
by the nematodes in thet time. After obtaining the dry
weight of the nemafodes the emount of oxygen in .l per

1 ng dry weight in 1 hour wss calculated as shown in the
results. After running the experiment for 15 minutes

10 ul of 0.1 M potassium cyanide was added as an inhib-
itor and the experiment rerun for 15 minutes then the
nematodes were treated as previously described, in 10 ul

of 0.1 M KCN there uas 6 x 107" mg KCN.
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2.11l. Electron Microscopy

Female Contortylenchus and capsules were collected

from different steces of Lps sexdentrtus from freshly

dissected insects with = fine pipette. They were
immediately immersed in 2.5% cold gluteraldehyde in
0.05 M cescodylate buffer at pH 7.2 with added 2%
caleium chloride for 4 hours at 4°C. Fixation wes
followed by seversl washes with cscodylate buffer con-
taining 7.5% sucrose (Gordon et sl 1963%).

Post fixation in Millonig's (1961) was used with
phogphate buffered Osmium tetroxide for % - 4 hours at
4°C, After 2 hours in glutersldehyde the capsules were
pierced to facilitate the penetration of the fixative.
The nematodes within the cspsules were well fixed-even
/hen the cepsules were not pierced. Dehydration was
carried out through grrded slcchols; the absolute
ethanol used wes W?ﬁer-free by using anhydrous copper
sulphate and it was filtered before use, the specimens
were left 1 hour in each change up to absolute zlcohol
at 400, then the process was carried out at room temper-
ature with twé changes of 2bsolute alcohol.

The TAAB resin was freshly prepsred prior to use.
Portions were vigorously shasken with absolute ethanol to

provide 2 series of increasing concentration from
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alcohol to pure resin. The capsules and the nematodes
were passed up this series for sbout 20 minutes in each
mixture, until they were transferred to pure resin and
left overnight exposed to continuous egitstion. They
were transferred to fresh resin in a TAAB cepsule the
next morning and polymerization took plsce with 2 ~ 3
deys at 45%C, The resin mixture which gave the most
satisfactory results was the combination of 10 parts
resin : 7 parts DDSA (Dodecenylsuccinic anhydride hard-
ener) : 3 parts MIA (Methyl nadic anhydride).

Sections were cut with glass knives made on an
LKB ultra electron-microtome. Pale golden or silver
grey interference coloured sections were usually collected
on uncoated 100 micron coprer grids. Grids had been
previously dipped into 2 cellotspe-chloroform mixture
to ensure adherance of sections. Staining was done with
uranyl acetate (Wntson 1958) followed by lead citrate,
then rinsed with 0.02 N sodium hydroxide. Thick sections
were also collected on thin glass coverslips end stained
with 1% toluidine blue in 1% borex sclution for examination
under 2 light microscope. Electron microscope observa-

tions were made with Philips Em300 electron microscope

at 60 and 80Kv.
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3.  RESULTS

%e1. Ips sexdentatus Tife Cycle

-Adult Ips sexdentatus is the lergest species of its

genus (Plete 1) varying in size between 4.5 - 6.0 mm,

it is dark brown or bleck in colour. The beetle tzkes

‘about a month or less in the laboratory from adult to

adult at 26°C. The esgs hatch in about 2 - 3 dsys, and
larvae pass through several instsrs in 10 - 15 days. The

last inster to a pupa from which adult beetles emerge

occurs after 2 - % dsys in healthy animals, but infected

beetles may tske about-5 - 7 days to develop into adults.



PLATE 1

LIFE CYCLE OF IPS SFXDENTATUS, PINE BARK-~

BORING BEETLE.
First row from 0P . to boHim
Four insters larvase, Pupa and pre-sdult

stage.

Second row from 0P to -bottow

Newly emerged adult, female adull and

male adult beetles.
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3.2, Classification of the hremocvtes in different

develoomental stroes of the beetles, I. sexdentatus

bDifferent types of haemocytes were distinguished,
firstly on the bassis of their shape, type of nucleus
and bresencé or sbsence of cytoplasmic inclusions.
Secondly, following the clessification which hes been
sugrested by Jones (1952) which is very similsr to
Wigglesworth's (1939), the\following types of haemocytes
were found:

1o Prohaemocvtes

Small sﬁérical cells with relatively little pale or
dark grey basophilic cytoplasm, they were the smaller
cells in the haemolymph with a large rounded nucleus and
were often seen in mitosis (Fig. 1, A). They measured
between 7.2 pm to 24 pm in diameter. The nucleus was
surrounded by a clear gzone, probably becesuse the nucleus
had shrunk in relation to the cytoplasm. They were found
in large aggregates and were numerous in the larval stages.
It ﬁas thousht that they were to be young, developing
cells 2nd considered by several workers to be the stem
cells from which some, or all, other types derive, such
as plesmatocytes, granular heemocytes, spherule cells,
and others. They are less abundant in pupae and there are

14 ..
very few?zdults. These cells were similar to those
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described by Yeeger (1945) a2nd Wiesglesworth (1939) where
they called them preleucocytes (Rooseboom 1937) (Fig. 14)

2 Clssmatocvies

Theee were large, hichly pleomorphic cells usually
with = single lerge centrally located nucleus in an
abundant, mostly basophilic =nd finely granulated cyto-
plesm. They were the dominant type in the heemolymph of
the insects, and may be the principle encspsuleting cells.
They were able to send out cytoplasmic extensions, and
were polymorphic, having various irreguler shapes; fusi-
form, spindle, pointed ends, or one end true spindle and
the other rounded or ovoid. Some of them rossessed
cytoplasm differentiated into ectoplasm and endoplasm,

The ectoplasm apveared thinner and was less intensely
stained than endoplasm, some of these cellsqwere multi-
famous bﬁt they are very rare and were found only in

adult and pupse in few numbers. These cells were found in
all étages but they differed in the desree of vecuolization
of the cytoplesm. In pupal hosts they were highly vacuo-
lrted, and each individusl vecuole 2rpe~red circuler

(Fig. 2B). In the adults these plasmotocytes are the
larcest cells and are more irrepular (Fig. 2B). They have
usually rouvnded or ovoid punctated nuéiei. The nuclei

were different in different cells or sometimes in the



FIG. 1

TYPES OF HAEMOCYTES IN IPS SEXDENTATUS;

PUPAE AND ADULTS.

Key
A Prohaemocytes.

G. Granulsr haemocytes.

D. Vermiforﬁ cells.

E. Multiramous vermiform cell.

The scale for all the Haemocytes

A48, um
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seme cell. According to Yeager (1045) the vacuoles
correspond to the glycogen inclusions. He 2lso divided
the plasmatocytes, aocording to their size, into micro,
meso and macro plasmatocytes, and according to their
shape into elonrated multiramous forms which had more

. than two spindle ends (Fig. 2B). The diameter of these
cells varied between 12 pm x 3%.6 pm to 103 pm x 72 um.

3 Granular haemocvtes

These were big cells contzining uniform sized,
intensely ecidorhilic inclusions, with a centrally
located nucleus surrounded by a clear zone. These
granules were more sbundant thsn in plasmatocytes. They
were derived from prohaemocytes or possibly from pleosma-
tocytes. They were able to send out pseudovnodia. Jones
(1956) sugsested that these cells which send out pseud-

opodia are phagocytic es in Sarcophzega and Prodenia

Yeager (1945). They measured between 26.4 ym to 55.2 x
60 um and were found in larvae, pupae and adult (Fig. 1C).

4., Vermiform cells (worm like, Yearmer 1945)

These were elongated, fusiform, thin and thread like
cells measuring between 62 x 33.7 um to 108 x 15 um
(Fig. 1 D). They were derived from plasmatocytes.
Yearer (1945) sugesested that they might be derived from

elonsated plesmatocytes, they had centrally located, ovoid
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or punctate nuclei. They had light besophilic cytoplesn,
their spindle ends become very fine and indistinct at
the ends. Phese cells were rerely seen in insects,
(Jones, 1962) but they were found in all stages of this
insect. o

5. Tultirsmous vermiform cells

These cells were similar to vermiform cells but
they were found with three instead of two spindle ends.
They were found in adults 2nd pupae and had a light
basophilic cytoplasm and relatively big centrally located
nucleus (Fig. 1 E);

o Podocvters

These were large, thin snd flat cells, with three
to eight long pointed cytoplssmic extensions and a few
colourless vacuoles. E£ome of these were fusiform with
long spindle ends, but in »ddition they had one or more
shorter cytoplasmic exteﬁsions, they measured between
48 x 12 Fm to 156 x 24 Pm. They were found in larvae,
pupae but were more common in adults (Fig. 3 F).

R Svheriodocytes

These haemocytes were rounded, ovoilid or irregular
in shape with large distinct acidorhilic spherular, and
coarsly granuleted besophilic cytoplasm, and some times

were highly vacuolrted. These cells have centrally or
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eccentrically located punctste nuclei, the nuclei were

sometimes covered with the acidophilic spherular so

it becomes indistinct; when the spherulsr breasks down,
the nucleus becomes visible #nd the cytoplasm becomes
vacuolated and granulated (Jones 1962). Dennell (1947)
stated that these spherular contain tyrosinase in
crystals, the cells very in size between 19,2 x 26.4~pm
to 64.8 x 55.2 pm. They were found in all stages (Fig.
3 G) of the beetles.

2. Oenocvtoids

These were lesrge, thick cells, with different shapes.
They were relestively small, rounded, grossly punctated
with one cr two eccentric nuclei, the cytoplesm wes gresat
in smount and highly besophilic, with fine granules or ]
rod-like crystals. Decleir et al (1960) end Riziki (1959)
~ suggested that these crystals contain tyrosine, these cells
break down very easily gnd release their material, they
were found in pupae andrggﬁlt (Fig. 3 H) and they measured
between 36 pm % 12 pm to 60 pm x 36 um.

9, Amoebocrtes

These cells are found to be the most abundant type
of cells in the hsemolymph of 2dults and pupae. They were
pleomorphic, rounded, spindle shaped or irregular, they

had pseudopodia. They were probebly derived from plesna-=
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TYPES OF HAEMOCYTES IN IPS SEXDENTATUS

PUPAE AND ADUITS.

Key

F. Podocytes

G Spherule cells

H. Oenocytoid
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tocytes, they were the most active phagocytic cells

because of thin filrmentous pseudonodia, they were
multinucleate‘with bnagophilic cytoplesm. They were very
big and highly vacuoleted in the adult steges. Amoebocytes
were studied thoroughly by Wigglesworth (1956); he
suggested that they were composed of mucopolysaccharide
material, they measured between 21.6 pm x 36 pm to 60,pm

x 76.8 ym end were found in pupae 2nd adults (Fig. 3 I).

- 10. Hyaline cells

These weré cells with acidophilic cytoplasm, finally
granulated and with indistinct nuclei. They usually
measured between 9.6 Pﬁ and 28.8 pm in diameter. They
resembled the eruptive or degenerative cells of Yeager

(1045) (Pig. 3 J).
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Totzl heemocytes counts (THCs) of unparesitized pupee
and adults
Values of THCs of uninfectecd pupae #nd adult berk
beetles are shown in Table 1. The total counts were
much higher in the pupae than in the adults 2nd they
were slso higher in male pupae and adults then in
female vupae and adults respectively, although the
difference was only significant in the adult males.
Table 1 THCs of unperegitized male and female pupae
and a2dult beetles
Stares No. of Yo. of blood cells/cubic mm of
and sex insects blood
exsmineqd
Renge 10° |Mean | + S.E.
Pupa
Male 10 141.6-190.4 1 170,583 4,28
Female 10 149,5-195.8 | 166,732 4,09
Adult
Male 16 76.2-20%.2 125,726 164,46
Female 15 ) 67.0-165.6 96,856 7622
3.3.,2., DHEs for uninfected and infected pupae and édult
host

The tefminology sugrested by Jones (1962) has been
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adepted in the present study for blood cell and basing
originally on Yeager's clagsification (1945) with slight
modification,éccording to the findings. ©So the following
haenmocytes %ypes were distinguished in this insect:
Prohaemocyte, Plasmatocyte, Podocyte, Spheriodocytes,
Vermiform cells, Oenocytoid, Ameobocytes, Granular
haemocytes =nd degenerated cells.

The Plasmatocytes constituted the largest proportion
- of the total haemocytes in beetles, then followed by
spheriodocytes, but the prohaemocytes were numerous only
in developing instar stages. In DHCs most of the cells
were believed to be derived from élasmatocytes and were
included with plasmatocytes, although technically this was
incorrect. The DHCs of infected host were complefely
different from those of uninfected beetles (table 2, 3).
These differences occurred as a result of pathologicel
changes to insect hmemocytes resulting from their immune
defence reection agsinct the invading parasites, then histo-

logical chenges occurred (DHCs).
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Table 2 TJHCs of unparegitized larvae, vpuvze and adults
Stage No. of Percentage of different kinds of
of the cells cells counted
host counted
Prohaen~ | Plasmat- | Spher- | Vaculo-
ocytes ocytes ules cytes
4th.
instar 400 50.5 17.75 25.75 6
larvae
Pupsae 400 49,25 18.5 13.7 18.5
Agdults 400 11 63.5 18.75 8.25
Table 3 DHCs of pprnéitized ITos sexdent~tus pupae and

adult with Contortylenchus nematode

Stage Total Percentage of different kinds of
of the no. hae- cells counted
host mocytes
counted ProRaen~| Plasmat- .Spher- | Vaculo-
ocytes ocytes ules cytes
Pupae 400 57.00 15.75 16.25 | 11.00
Adults 400 34,75 33,00 1%.5 18.75

THCs of infected hosts (pupae and adult beetles)

The THCs of male and female pupze infected with

Contortylenchus were far less than the unpsrasitized ones




70

and the THCs decressed according to the parasite dehsity.
" Eighty percent reduction wrs obtained in total haemocytes
from sdults =&nd up to 40 percent reduction form pupre,
although the THCs for unpsrrsitized pupae were much
higher then unpsresitized sdults. There wes no signif-
icant difference between the THCs of infected male and
female adults so they were combined in one line.

There was a linesr relationshin between the percentrge
reductlon of total hasemocytes in beetles as the perasite
burden in the heemocoel increased (Fié, 4), The value of
F for (1,12) degrees of freedom was significant P = 0.05.

THCs for infected male and female pupae

There were significant differences between male and
female pupae by a Student's '"t" test, giving & significant
"t" yalue for 10 degrees of freedor P = 2% + 1% {(see
appendix for calculation) so they were separated on
different lines.

There was agein a linesr relationship between the
peréentage reduction in the total number of haemocytes
in male and female pupae as the parasite burden increased
(Pig. 5). The F velue for (1,5) degrees of freedom wss
significant, P = 0.05, since the 5% critical velue of F
for (1,5) is 6.61 (Appendix - § Ve

A linear relationship between parasite density and



FIG, 4

EFFECT OF PARASITE DENSITY CN THE TOTAL
HAEMOCYTE CCUNTS OF ADULT MALES AND
FEMATES BERTLES.
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FIG. 5

EFFECT OF PARASITE DENSITY CN THE TOTAL
HAEMOCYTE COUNTS COF MATE ANND FEMALE PUPAE
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percentage reduction in THCs of infected mzale pupae
(Fig. 5). The F value (1,5) was also significant

P = 0.05, siﬁce the 5% critical value of F for (1,5)
igs 2%0.2 (Appendix - 5.
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Z 4, The initial role of haemocytes in capsule formation

and its subseguent development

Invasion of berk-boring beetles Ips sexdentatus

by infective female Contortylenchus commenced in the

pupal stege. A physiologicel defence reaction by the
pupal host took place soon after invasion. This reaction
commenced with an asrregation of the host's haemocytes
around the invading parssite forming a cepsule. The
capsules zre found in one day old pupme but neither
nemetode or capsule were present in esrlier insters.
Hundreds of larvee were examined during this study but

no infection was recorded in any instars. All these
observations were done under light microscope after
dissection.

In the pupal host, unencapsuléted nematodes were never
found regardless of the parasite's density in the host.
The parasite enters the host's haemolymph and since it
was composed foreign proteins, the haemocytes were stim-
ulated in some way to move in large numbers and surround
the parssite, flattening themselves ag=inst it to form
the cellular cepsule. After formation of this envelope,
the reasction continued as the raressites developed, more
haemocytes attaching themselves to the surface of the

envelone.,



77

Boltele ~ B UL, The ultrastructure of the cepsule fron

pupal and adult host

Initial observations on the fine structure of the
cavsule, showed that its structure could be related to
the bloed éélls from which it was derived. In this study
sn attempt to investigate in more detail the different
tyﬁés of blood cells chiefly concerned with cepsule
formation and development wers undertaken using the
electron microscope. .

The hsemocytes involved in the encapsulation reacfion
were mainly polymorphic vlacmatocytes, amoebocytes and
granuler haemocytes. These cells have the sbility of
vhagocytosis and produced cytoplasmic extensions. Plste 2
typifies the kind of haemocytes which were more common in
the haemolymph and associated with the capsule. TFine

secPWlg)
pseudopodia cen be seen extended Irom their surfaces” The
cytovlasm of the cells filled with different kinds of
orgenelles and many numerous vacuolgs 2bout 0.15 - 0.25
Pm in diameter, some of these vacuoies can be seen in the
process of formation on the cell surface, they are possibly
formed by pinocvtosis. In addition there 2re small tubules
and vesicles lying between other big organelles. Cyto-

plasmic membrznes were found with Golgi bodies in the form

of vesicles. Free ribosomes were found in abundance.
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PLATE 2

HAEMOCYTES INVCLVED IN CAPSULE FORMATION

Key

nu nucleus

no nucleolds (arrow)

ch chromatin' (arrow)

m mitochondria

bm branched mitochondria ’
va vacuoles

ve vesicles

d@b  small dense bodies (lysosomes)
mt microtubules (arrow)

gve Godg. vesicleg

A, Amoebocytes

PL., Plasmatocytes

Ge Granular hzemocytes

(X 27260) for Granular haemocytes top right
(X 12148.5) for Plasmatocytes tor left
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Microtubules were found prominent in all cells. The
cytoplesm of these hremocytes contains » typicsl mito-
chondria, sometimes teing branched and containing dense
inclusions (Plate 2)° - = 7. Small spherical dense

, bodigs ranging between 0.05 - 0.1 pm in diameter were
foundrglmogt "1 all blood cells (Plate 2 ) which were
identified as lysosomes.

The haemocytes congregate (Plates 2, 3) shout the
nematodes, become flattened and the cell membranes brezk
c¢own to form the capsule. Contact between cells outside
the capsule was seen (Plate 5). These cells were joining
the capsules externélly, the cell membrenes break down
at the point of contact, are lysed and then merged their
contents with the cevsule's cytoplasrm (Plate 5). The
capsules anpeared multinucleate through the fusion of
the cell contents, nuclei fusion was observed (Plate 29@.
The haemocytes congregate and ~ttach themselves to the
capsule externally, while the reaction still continhed
and.the perssite within the copsule develops #nd reproduceS;
These cells bove normel nuclei and still retsin their
original shape (Plete 2). During this phase, the capsule
incresses in thickness. It acquiries spherical shape and
smooth surfece when no more blood cells were being added,

at that time the nematodes nrogenv stsrt to lenve the



PLATHE 2

DIFFERLENT TYPES OF HAEMOCYTES INVOLVED IN
CAPSULE FORMATICN .

Key

SH. Spindle-shaped Haemocytes flattened

GP.

externally on the capsule surface.

Vaculated plssmetocyte, attached to

the capsule.

Granulated plasmatocyte.

Top left (X 10792)
Top right (X 15%90)
Bottom left (X 9120)

Bottom right (X 9120)



Plate 3




8%
capsule as third stege larvsze. In the present study,
capsules have been examined from different life stapges
of the host, . at the time when these capsules exhibit
different distinct developmental stages.

Cepsules from pupae contained the developing adult
female nematodes. These capsules consisted of loosely
packed vesicles and vacuoles (Plate 4), the vesicles
differed in size and shape; they were either sphericsl or
elongated and the eirne varied between 0.2 - 0.4 pm in

.
diameter, they were bound with a double membrane. These
vesicles presuﬁably formed when the haemccytes firstly
made contsct with the par=zsites, sending out numer&us fine
cytoplasmic extrusions from their surfaces resulting in the
formation of these vesicular elements within the csosule.
The cavsule wall varied in thickness, rsnging between %2 - 8
pm end was related to the parssite dersity per host and
number of nematodes in each capsule. The capsule contained
a variety of cytoplssmic structures which were originally
heemocyte -inclusions (Plates # and 5). The merbranes
surrounding the cytonlasmic structures were the plasma
membrane of the haemocytes. These membranes formed the
complex meshwork of tubules throughout the cytoplasm, which

is the endonlasmic reticulum. When the cell membranes

breakdown and the protoplast of these cells merged together,



PLATE 4

TRANSVERSE SECTION OF THE CAPSULE FROM
PUPAL HOST

Key

Er  Endoplasmic reticulum
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PTATE 5

CAPSULE FROM PUPAL HOST SHOWING HGW THE
HAFMOCYTES I SEB AND MERGED THEIR CONTENTS

TO THE CAFPSULE'S CYTCPLASM.

Key

cm Hzemocyte loosing its czll membrane
at the point of contact snd revging
its cytoplesmic content to the
capsule (arrow)
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ge golgi complex

m mitochondrie

nu nucleus

Tr tracheoles -

(X 12141) Top (rigWh o ReCH)
(X 4788) Bottom



I rins

a




PLATE &

SECTION OF THE CAPSULE FRCM FPUPAL HOST,

SHOWING ITS DIFFERENT STRUCTURE AND

ORGANELLES.
Key
ge golgi complex
mt microtubules
m mitochondria ‘
ser smooth endoplasmic reticulum
rer rcugh endoplesmic reticulum
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PTATE 7

SECTICN OF THE CAPSULE FRCM PUPAL HOST,
SHOWING (M) MITOCHONDRIA, (MT) MICRCTUBULES,

(TR) TRACHECLES ANWD ENDOPLASMIC RETICULUM (ER)

Key

m mitochondria
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MULTINUCLEATE PLASMATOCYTES RIMAINING INTACT

WITHIN THE CAPSULE TISSUE FROM THE PUPAL HOST
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forming a syncytium surroﬁnding the nemetode (Plate 5).
NMumerous microtubules were associrted in this capsule
(Plete 6 &), veried mitochondria, sphericsl or rod-
shaved with irregulnr cristre (Plates 4,0, 618, BN
Very finme derse bodies, possibly ribosomes, were
sparsely scettered around the nucleus =»nd were abundsnt
between the vesicles 2nd the nemntodes (Plate.,ﬁ)' .
Small lysosome—like dense bodies which veried between

¢

0.15 - 0.2 jm in diameter were obserwed (Plate 6 A, B).
Intact multinucleste heemocytes with & - 10 nuclel were
found with very fine pseudorodia (Plate 8), the multi-
nucleate cells were vossibly formed by mitotic division.
Haemocytes with vacuolsted cytoplasm were found asttached
externally to the cepsule, these cells were the plasma-

tocytes of the mupal host which were vacuolated (Plate 3).

It wes impossible to differentiste the cavsule tissue into

various regions or zones becePuse it avveared as a homogenous

layer, containing »1]l these orgsnelles in Plsate & =nd S.
Fine tracheoles started to form in this crrsule but not
in sbundence (Plate 5).

The nuclei

The carsule from the pupel host centeined irresulsr
amoeboid shoped nuclei, nuclesr pores were not very often

(Plates 9 &, B ard €) scen. These nuclei hsd a2 normal




PLATE O

SECTICHN OF THE CAPSULE FROM HOST FUPA,
SHOWING THE AMOEROID SHAPED NUCLEI AND
NUCLEAR PORES.

Key

agb. dense granular bodies surrounding
the nucleus, the vesicles and the
nematode
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PLATE 10

ELECTRON MICROGRAPH OR THE CAPEULE FRCOM A

PUPLA, SHOWING THE INITIAL CHANGES THAT OCCUR

IN THE NUCLEUS AND NUCLEAR MEMBRANE. 3% TO 4

NUCLEAR MEMBRANES ARE DISTINCT CONTAINING

SMATT DENSE BODIES SIMITLAR IN APPEARANCE TO

THOSE TN THE CYTOPTASY.

Key
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the nuclear memnbrene

dense bodies within the pocketings
mitochondria

microtubules

nuclear membrane pocketings

4 nuclear membrenes

nucleus

vacuoles

(X 171000)



‘ 1 pPlate 10




PLATE 11

CAPSULE

WALL{FRON YOUNG ADULT HOST BEETLE

SHOWING THE VARIATIONS TN THE STRUCTURE OF

THE WALL AND THE REGIONS THAT APPEAR IN THE

CAPSULE.
Key-
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capsule wall (¥ 2508)
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PLATE 12

THE ENTIRE CAPSULE WALL FROM A YOUNG ADULT
BEETLE SHOWING THE DIFFERZNT REGIONS
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PIATE 13

FOUR SECTIONGS OF DIFFERENT CAPSULZS FROM
OLD ADULT BEETLES, SHOWING THE OLD CAPSULE
WALL STRUCTﬁRE WHERE NO REGIONS CAN BE
DIFFERENTIATED,
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double nuclesr membrane, but later in a cavsule at a
different stage of development, it contained nuclei in
different stﬁges of physiological activities. Nuclei
in a capsule of pupal hosts could be considered normal
but highly specialized when they started to become bigger
and smoeboid in shape. The breakdown of the cell structure,
thé’disiﬁtegration of the cell membrenes, vermits the
gathering of the nuclei. This was folloved by nuclear
extrusion of the dense bodies which were then found free

.
in the cytoplasm. These dense bodies also disinterrated
as the nematode developed. There wrs, however, a contin-
uous replacement of nuclei and cyiovlasm from more
hzemocytes addine to the cepsule exterunally when the
reaction continued and the parssites were developing.
Pocketing of the nuclear membrane wss either entirely

absent in recently formed cepsules (Plate 9 4, B, C)
or wes detected in capsules of beetles nearing the
comnletion of pupstion (Plate 10). When the mechanisn
of nucleocytoplesmic intersction began, the swelling of
the nuclear membrane started (Plate 10), 2 triple nucleer
membrene sppesred and then dense hodies on both sides of
the membrane were visible. In capsules from the adult
host the nuclear membrane was found to be undulato?i é?d

»
frequently to protrude into the cytoplasm (Plates 144 15 A,

15 B, and 20), in the form of small pocketinrs contained



PIATE 14

ELECTRON MICRCGRAPH SHOWING THE ALTERATION
IN THE WUCLEAR STRUCTURE OF CELLULAR CAPSULES
FROM ADULT BEETT.ES. TOCKETINGS AND THE
FRAGMENTATION OF THE CHROMATIN MATERTAT, THAT
MOYES TOWARDS THE NUCIEAR MEMBRANE IN FORM OF

DENSE BODIES.
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PLATE 15

LCTICNES CF CAYTSULL FROM ADULT BEETLES,
SHOVWING THE CHANGES THAT OCCURKED TO THIL

NCULEAR MEMBRANE

Key
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these dense bodies. The nuclear membrrnes becsne
indistinct in the later stazes of the capsule develoovment,
in old adult.beetles (Plate 21). The nuclei degererate and
their contents pass through the nucle=r membrenes or
nuclear pores into the cytoplasm in the form of gmall
electron dence bodies. Deep folding of the nuclesr
membrene wss ofben present in big nuclei (Plate 16) in »
capsule from young adults when the nematodes 2re growing
repidliy at thet time, possibly these folds increase the
nuclesr surfaces and may have contributed to the vassage
of the nucleer substances to the cytoplasm. Fletes 1%

and 16 showed these nuclei with their deep foldines and
the stzined chromatin material scettered along the inner
boundary of the nuclear membrane. Particles of similar
size anddensity on both sides of the nuclear membrane

were observed, even in contact with it, (Plates 1|$ B, 15 B)
possibly they were in the process of pasging through when
they fixed. These pocketines were possibly the character-
istic features ofythe cepsule from young adult beetles end
they possibly revresent an early stage in the degenerstion
of the nuclei, The growine nemetodes within the cepsules
received soluble products from the cytoplasm of the

capsule, which comprised the cytoplesm libersated by the

breakdown of the cell membrrnes and certein material which
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wes extruded from the nuclei, throuch the nuclear membrane.
In the developmental stages the nuclear membrsnes are
actively functioning orgenelles (Plates 1&%&55 £, 15 B,
and 16). MNuclear extrusions in s form of dense bodies
is possibly the DA of the nuclei, they were similar to
those in the cytoplasm.

Cansules from young adult hosts contained the mature
adﬁlt parzsitic females and her ergs end larvae. These
cepsules had a recogniseable ccllular structure, the
haemocytes still being attached to the outer surface.

These cells have normal structure (Plate 3).

Three regions cen be distinruished in this capsule
(Platé 11). The hremocytes that sttached themselves to the
capsule externally lost their cell membrane at the point of
contact anrd merged their cytovlsasmic contents.

Trachea were often found to be attsched externally to
the capsule (Plates 22 and 23) and small tracheoles were
embedded in its tissue (Plates 11, 12, 13, 22 and 23) The
tracheation of the capsule started soon after infection of
the pupae occurred, but became more abundant as the cap-
sule and tre nematode developed. It is voseible that
tracheation is linked to an oxygen demand. Heavier trach-
eation was found in capsules from highly infected host,

although the majorityv of the caysules were found Temified



116

with tracheze, but it wes lichter in the capsule from
hosts with one to three prrasites. The presence of these
parasites presumebly sffected the respiration of their
hosts.

The outer region of the capsule is cemi-oproue and
comprises relstively rounded or spindle shaped cells,
seme of them.slightly flattened or in the process of
flattening. The inner cells become flattened and are
compressed, the flattening occurs in parallel position
to the parssites. In the section this region aprears to
compose of overlappingrcells (Plates 11 and 12).

In the middle region the cells are extremely conm-
pfessed end flasttened (Plate 11). In this region the cells
piled upon each other forming = compzact zone (Plates 11
and 12). These flattened cells contained numerous dense
granules, presumably lysosomes C.3%39 - O.45 Pm in diameter.
No sign of necrosis was found in this region. Mitochondria
renged between 0.3 - 0.6 jam and sometimes they were as
small as 0.1 pm in dismeter (Plates 13%, 16 and 17). Micro-
tubules and golgi bodies were found in this region
(Plate 12) while cther electron dense small bodies, pre-
sumably ribosomes were present (Plete 12). Tracheoles
ranging between 0.%32 - 0.6 pr in diameter and trechea

between 0.6 - 3.1 pm in length were abundant (Pilate 11,

]



PLATE 16

ELECTRON MICROCRATH SHOWING CAPSULE TISGUE

FROM YOUNG ADULT HOST BEFTLE PACKED WITH

NUCLET, MITOCHONDRIA AND OTHER ORGANFLLES
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PLATE 17

ELECTRON MICROGRAPH SHOWING CLPSULE TISSUE FROM
YOUNG ADULT HOGT BEETLE WITH DIFTERENT SHAPES

OF MITOCHCNDRIA, AND TRACHEOLLS.

(X 27350)
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PIATE 18

ELECTRCON MICROGRAFH SHOWING THE MICROTUBULES
AND MITOCHCONDRIL FROM THE CAPSULE OF ADULT

BEETLES.
Key

microtubules arrowed
m mitochondria

mt microtubules
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PLATE 19

ELECTRON MICROGRAPH SHOWING THE MICROTUBULES

AND MITCCHCNDRIA FROM THE CAFSULL OF ADULT

RBEETLES.
Key
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12, 1% and 23%).

Many variations were found in the structure of the
capsules from young adults. In the inner region, the
capsule avveared homogenous and were highly packed with
numerous mitochondria of normal snd abnormal structure.
Some had swollen while others had irregular cristee.
Nuclei of abnormal shape were found in this region.
Membrenous limited, electron dense bodies were abundant
in this region, presumably they were the meterial extruded
from the nuclei surrounded by the membranes from the
collapsed nuclei (Platgs 7, 16 and 17). Lysosome like
bodies, microtubules, golgi bodies, trachea =znd fine
tracheoles were 2lso found (Plates 16, 17, 18 end 19).
While capsules frem adult beetles contain the feméle
nematode and her progeny, in old beetles the nematode
larvae had escaped as third stage larvae from the cspsules.
These éapsules arpesred non-cellular snd non nucleate, the
only structures remaining were the trachea and tracheoles
and distinct regions or zones can no longer be disting-
uished (Plstes 13 end 2%). Tracheae and tracheoles
were present in abundance, ramifyine through the whole
area, whorls of membranes were abundant presumably they
are the membranes of degenerated nuclei, but few mito-

chondris 2nd other structures were seen., Dence bodies cf
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SECTIONS THROUGH THE CELLULAR CAFSULE
FROM OLD ADULT BEFTLFS, SHCOWING THE

DEGENERATING AND COLTAPSING NUCLEI
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PTATE 21

SECTIONS THRCUGH THE CELLULAR CAPSULE FROM
QLD ADULT BEETLES, SHOWING THE DEGENERATING

AND COLIAPSING NUCLEI

Key
cn collapsed nucleus
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er endoplasmic reticulum
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SECTICHS THROUGH DIFFERENT CELLULAR CAPSULLS

DISSECTED FROM PARASITIZED ADULT BEETLES

SHOWING TRACHEATION.
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PLATE 2%

A CAPSULE FRCM AN OLD ADULT BEETLE SHOWING

ITE TRACHTATY STRUCTURE
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different sizes, possibly lysosomes, were in abundance
(Plates 1% and 27).

The capsules were =t first irregular in shave
(Plate 24) perticulerly in the pupal host and they were
thin, traﬁéb?rent, or off-white in colour, they contein
the young immature paresitic females. The number of adult
nematodes in the capsule arparently determined its size
(Plste 25).

Gapsules in the imegos were spherical in shepe,
with 2 emoother outline, often thicker and lighter brown
in colour. They contained the mature parssitic females,
her egos and lervae. The cepsules here were bigeer than
those from pupal hosts, even when they conteined the seme
numnber of adult perasites (Plates 26 and 27). The capsule
often avveared lamellate in cross section due to the
flattening of the cells (Plate 28).

Trachea were frequently obrserved to become atteched
and even cover the capsules externally. Small tracheoles
remified and embedded in their tissues. Up to 90% 5f
the capsules wefe found to contain trecheae and tracheoles.

The cepsules which vary in size, were provnortionel
to the parzsite number per csrsule, and to the paressites
burden of the host, indicatine the number of capsules

per host (Table 4).
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PLATE 24

CAPSULE FROM PUPA, CONTAINING ONE ADULT

, (IRREGULAR) (X 100)
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PLATE 25

CAPSUILZ FROM PUFPA, CCHNTAINING MORE THAN ONE
ADULT FEMALE NEMATODE (X 100)




PLATE 26

CAPSULE FROM ADULT BEETLE CONTAINING ONE

ADULT PEMALE NEMATODE WITH ITS' PROGENY.

kX 100)
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CAPSULE FRCM ADULT BEETLE CONTAINING FIVE
ADULT FEMALE NEMATODES WITH THEIR PROGLINY
(X 100)
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PLATE 28
CROSES SECTION OF THE CAPSULE SHOWING ITS

SHAPE AND SECTIONS OF THE
NEMATCDE (X 100)
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The volumes of the capsules varied considerably.
Capsules with up to & parasites (Plate 27) were bigger
than ones contaiﬁing only a single paraesite. These
capsules had thinner walls in the hosts with more than
one parasite.
) In the adult beetle, as the number of parasite per
host increased, the extent of encepsulation decreased.
This wes en inverse relationship to the degree of super-
parasitism. Capsules without tracheae or tracheoles were
only found in hosts with a very low density of parasites,
usually fewer than 3%, gnd in the pupsl host the tracheoles
are less well developed.

Complete encapsuletion wes elways observed in the
pupal host (Fig. 6) regardless of the number of perssites
per individual host. The percentage encepcsuletion declined

as the peresites matured. After egs laying, all the progeny

having developed to third stage larvae, left the capsules.



Table 4
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The effect of diffe-ent verassite densities on

the capgule volume in pupese =2nd a2dult beetles

No. of No. of (um) (ym) (sz)
varsasi- cepsul- | major minor mean vo-
Host tes/cap~ | e&/host | axes of |axes of | lume of
sule the cep- | the cer- | the can-
sule sule sule
(Mean) (Mean) X 10°
- Pupae 1 1 249 188 61
3 1 264 30% 210
> 52% %28 469
1 1 360 264 179
1 "2 270 234 89
1 % 264 230.5 84
1 4 23845 154.5 45
1 7 20%.8 123%.7 26
Adults 1 1 348 200 190
% 1 420 %60 332
5 1 528 432 630

The incidence of encapsulation in adult hosts ranged

between 19 - 75 percent (Fig. 6).

There was a linear

relationshitc between perasite density and the percentage
encapsuletion and the 'best fitting' regression line wes
calculsted (appendix for calculrtion). Using Student's

't' test for significence, it was found that the
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probability of observing a value of t with & dJdegrees

of freedom greater in absolute value than 5.041 is
0.001, Table Apﬁ. showed that t8 = 6,808 which is
greater than 5.041, so the probability of obtaining this

result by chance is less than one in a thousand.



FIG. ©

THE EFFECT OF PARASITE DENSITY ON THE EXTENT
OF THE ENCAPSULATICN
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%e5e The effect of single 2nd multinle infection on

the size of the developine parssites

The volume of the parasite was found to decrease
with en incresse in number of 2dult female pesrrsites
present inkfhe hremocoel of the beetle (Apvendix teble2 )
kFig. 7). There was & linear relstionship between the
number of parrsites per host and the percentege reduction
in volume of these paressites when compared to the
calculated volume of parasites from single infections.
When there was only cne adult femezle in the host, it wes
considerably bigger than those from highly infected
hostg; the smallest chanves occurring when there were only
two merssites per host. Individual parasites occurring
alone are bigger tharn individuals from fequency groups
such as four or five parasites per host. Fig. 7 and
table 2 g also showed that the reduction in volume of
a parasite occurring in groups of 8 parasites per host
was greater than specimens occurring in groups of four.
A test for significence was mede using Student's 't
test, it vime fouﬁd that the probability of observing a
value of t with six degrees of freedom greater in absolute
value than 5.2, P = 0.002, The t6 velue was 5.799 which
is significant, since it is crerter then 5.208; the prob-
ability of obtaining thie result by chance is less than two

in 2 thousand.
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DECREASE IN PARASITE VCIUME IN MULTIPLE
INFECTICHS.
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2.6. Effect of single and multivnle infection on

paraesite fecundity

The results (Appendix table % ) showed thet

there was a reduction in the mean offspring produced by
each femzle parasite as the number of parssites per

hest increased. Thus the vercentage reduction incresced
with increasing numbers of parssites per beetle. The
difference in number of progeny produced by psrasites
occurring in groups between 7 and 8 1s very low compared
with the number of progeny occuring »lone as in group of
two. Fig. 8 showed 2 lineer regression between the
nunber of parasite per host and the percentage reduction
in progeny. A test for sienificence was done using
Students 't' test, it was found thet vealue of t for 6
degrees of freedom wes greater in 2bsolute value then
5.959, so the probsbility of observing v=lue of t is

0.001. The value of t_. wes 6.916 which is highly

6
significant value since it is greater than 5.959, and the -
probability of obteining this result by chance is less
than one in e thousand (Appendix table 4 ).

3.7. The relationship between the development of the

capsule and the developrment of the pernsite

The host reaction to nemstode infection r~lways

resulted in the formation of the capsule; the formation
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of the cspsule wes associeted with the host's heaemocytes
seems to show successful host-parasite relationship by

Contortylenchus =nd Ivs sexdentatus. The nemotodes

obtained sufficient nourishment to mature and produce
hundreds of‘eggs and larvee. The host hremocytes that
Fform the copsule vndergo different modifications so 811
the cell membrenes hreakdown or lyse and the cytoplasmic
contents mix to form the envelope a2round the nemetode
which is full of big nuclei, »ag ¢ mgltinuclepte syncytisa.
The nemétodes grow =nd reproduce inside the capsule;
the growth of the perrgite being very fest in the capsule
from pupal host (Fig. 9) until the paresite becomes
mature 2nd begins to ley eges, in the young adult host.
The capsule volume incrersed sterdily &5 a2 result of
this growth, snd continued incressing ez the nemstodes
developed and reproduced. The meximum capsule volume
was 217 X lOBmm5 from en adult beetle. This occurred
when the capsule conteined ergs 2nd lervae (Fig. 9 I C)
in different stages of development. It may be possible
that this incresse in size of the capsule was caused by

the sctivity of the contained larvae which stretched the

capsule wall or the osmotic relationship between nematodes

and cepsule. When the larvae had left the cepsule, the

cepsule size declined (Fig, 9 I D)., The relationship



151
between the ratio of the total volume of nuclei to
the ratio of meesn volume of the cepsules in each group
and the development of the peresite wes shown in fig,
9 I1T. The retio wre grectest ot the pupel strge when
the nuclei were bigeer then 2t sny other time. The
énlerged nucleil then tended to be reduced in size =t the
time when the parssites completed their development and
reproduced. In the 2nd group of capsules when they
contain larvese and eggs th¢ ratio Wﬁs 100 times less
than theat at»the first group of cepsule »nd the ratio
continued to decline in the last group (Fig. III D). The
relationship between the develorment of the parasite
(Fig. 9 II) and the number of nuclei, indicated that the
highest number of nuclei were obtrined from young capsules
and as the parasites developed the number of nuclei
diminished. Although more hzemocvtes were attached to
the capsule, during the adult hosts development A
reduction in number of nuclei oc¢curred. Presumably this
was crused by the utilization of nuclei during the
develovment of the peresite. The number of nuclel wrs
reduced to 2 nuclei in very old cepsules, or beceme
'completely non-nucleate,

Fused nuclel are often seen a2t all stages of the

capsule's development (Plate 29 B). FPlate 29 showed all



FIG. 9

THE RELATTONGHIP BETWEEN THE DEVELOFPMENT OF
THE CAPSULE ARD THE DEVELCPMENT OF THE

INCLUDING NEMATODE

I. Volume of the cepsule during its growth in

different Jdevelopmental host stages

o

II. Tumber of Nuclei during the cepsule growth

in different developmental Host atages.

111.The ratio of the volume of capsule's nuclei
to the volume of the capsule during its
growth in different developmental host

stages.

Ordinates -
Z
I. Mean volume of the Capsule {mm”’) each

pumber multiplied by (10°)
IT. Mean number of nuclei per capsule.

ITIT.The ratio between the mean volume of the

nuclei to the mean volume of the capsule.



Abscissa

The developmental stages of the nemstodes

within the capsule

A. TYoung sdult parrsitic female nemetode in

a capsule from host pups.

B. Msture adult perrsitic female mematode in
a capsule (with egss only) from young

gdult host beetle.

C. Adult parssitic female in a cepsule (with

egzs end larvae) from adult host beetle.

D. Adult parasitic female in a cepsule (no
eges, no larvae) from an old adult host

beetle.
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PLATE 29

CAPSULES IN DIFFERENT STAGRS OF DEVELOPMENT

STAINED WITH FEULGEN STATN FOR DWA

A,

Capsules from nupal host showing the stained

nuclei only.

Nuclear fusion during the growth of the

capsules.

Capsules from young adult host contained

nematode's eggs only.

Capsule from adult host contained eggs and

larvae of the nematode.

Capsule from an old adult host beetle

showing the larvae leaving the cansule.:

(¥ 100)
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the different =steges of the capsule's development. The
capsule from the pupsl host (Plate 29 A) contained only
the developing female nematode surrounded with nuclei,
while censules from young odult beetles contained the
mature adult ferimle #snd her egrs and few nuclei can be
seen (Tlate 20 C). Nuclei cen just be seen in the
capsules from ~sdult beetles when they contsined the ~dult
female nemstode and her progeny. Esgs and lervore were in
capsules when the lervee started leaving them #s third
stage lervae (Plete 29, D and E).

2.8. The Relationshin between the intensity of poresitism

and the morphometrics of the ~dult peresites

During the dissection of the beetle host, to get
the parssites for experimentsl purposes, it wrs stated
that meesurements for 292 living specimens were made;
consequently the data wes esrranged into groups related
to the number of prresites per host.

The increﬂsed—number of parasites per host wes found
to result in 2 decreasse in length and width of the mature
parasite. The dimensions, ie. length snd width of
pargsites in the range of 1-10 parasites per host, were
‘studied. The number of replications for erch peresite
density varied between 4 - 10. The summery of the d=tr

is siven in appendix (Table® ).
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The mezn length snd mesn width of the prresite

from each peresite dencity wes determined =nd the =
The date wes 1llustreted rs follows:

value celculsated.

1. The meah length of the vperagite from erch peresite
density/host wrs plotted ngoinst the mesn nemrtode
width (Fig. 10).

2. The mean length of the psresite was plotted
against the prrosite density/host (Fig. 11)
Ze The mean 2 velue of the adult peresitic femsle
nematode calculated from nemetodes obtained 2t each
density were plotted agesinst the parasite density

per host (Fig. 12).
When there wes but 2 single parasitic adult femnle

per host, it wers considerebly lerger than when severel
Value of ~

par=sites were present in the =s=2me host.
(ratio between length and width) weas smeller than those
for between % - 10 p=r-sites/host, which indicates that
the width of the prresite wrs effected by the density.

The, width end length of the prrrsite decresse s the
burden of parssites in the hremocoel increeses, length

decreased more then width, Teble 5.



FIG. 10

TEE RETATIONSHIP BETWEIN THE LENGTH OF ADUIT
FEMATLE NIMATODES TN ADULT BRETLIES AS THE
PARASITE BUNMDEN WAS INCREASED. NEMATODE

FROM 1 UP TO 10/HCST WoiRE CCMPARED,
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FIG. 11

THE RELATTONSHIP BETVEENM THE BODY LENGTH OF
ADULT PARASITIC NEMATODES COMPARED TO THEIR
BODY WIDTH. THE PAPASITE MEASUREMENTS WERE
OB?AINED FROM REFPLICATED INDIVIDUaALS AT

DIFTFERENT PARASITE DINSITIES/HOST.

Key

(1 ~ 10) indicate number of mature female
parasites per host beetle.

0. equation points.
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FIG. 12

THE EFFECT OF INCREASING PARASITE DENSITY
ON THE 4DULT REETLE ON THE a VALUE OF THE
ADUTM FEMALE FKEMATODES AT EACH PARAGITE
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Table 5 Parnsite Fornhonetrics ir multirle infections
Number of |Number of | Number of |Mean Body | Mean Body|Value
parasites | samples parsgites | length width of
per host neasured | (mm (mm) a
1 10 10 1.89 0.146 12.526
2 10 20 1.73% 0.133 1%.38
-3 9 27 .41 0.115 12.96
4 9 26 1.54 0.096 17.85
5 7 35 1.%37 0.100 14,03
6 7 42 1.35 0.085 15.99
7 6 12 1.20 0.079  |17.23
8 5 40 1.25 0.075 19.16
9 - - - - -
10° 4 40 1.07 0.077 21.88

There were linesr relrtionships between

the length

and the width of the prrosite according to its density

per individual ho=t (Fig. 10), between the length of the

adult paresite and the number of the peresites per host

(Fig. 11), =nd between the a value of the adult parasite

and the psrssite burden of each host (Fig. 12).

the length and the width were greatly affected in

multiple infections.

females the range in body length wes found to be 0.996 -~
2.04 mm, the width wes renging between 0.041 - 0.192 mm,

and the s value ranged hetween 8.75 - 27.03,

After measuring 292 pareeitic

The mature

However,
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adult parasitic femsle nematodes sre only found in
the haemolymph of the host.

In this study » genersl impression wrs obtrined that
mezsurements for the peressitic female snd all the progeny
could throw 2 lirht on this epecies especially when
these messurements comprred with Ruhm's (1965) and Al-
Rabisi's (1970).

From measurements of 211 the stsgzes thrt live in the
host, nemstode morphometrics were obviously affected by
the density of their own infection, not only the adult
females but elso their progeny. A tsble of the parasite
measurements obteined in this study were compared to
measurements from other published studies in an attempt
to determine if this nemstode was a new =pecies, or could

be synonymised with any other species of Contortvlenchus.

The measurements for all lerval stages and the epg from
the haemolymph, larvee from the gut and the free living
stages from the Frass were as follows:

Eges

egg length (40 - 47 pm)

(inside the female)
" width (12 - 16 Pm)

ege length (54 - 62 Pm)

(outside the fem=le)
" width (22.9 - 26 Pm)



TLarvere in the eggs (1I)

L. = 158 - 1656 pmn (162 pm)
W. = 9, - 1% pm (10 Fm)
L2

L. = 200 - 237 pm (218 pm)
W. = 14.5 - 16.6 pm (15.8 Pm)
135 -

L. = 296 - 245 pm  (321.5 pm)

- —

16.5 -~ 20 pm (18.9 pm)

L = 496-585 pm
W= 18-26 pm

From the (L4 male

(L4 femrle L= 482-566 pm
W= 17-24 o

Free livire fronm the Frass:-

The male:

I 426 - 560 pm, W
%23 - 38,5

a =

The Female

L 52 - 592 pm, W

a = 32,4 - %28.6

(518 pm)
(21.0 pm)

(502.1 pm)
(22.0 )

15 - 17 pm

14,5 - 15.5 pn

167
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%2.9. Incidence of prrasitism =and encovsuletion in

natural forest populrtion and in lebor~tory resred stock

During the course of study snd the dissections of
beetles for meany differeﬁt experimentsl purposes, crreful
records were kept seprretely for erch sample of wild
beetle in order to gef the date concerning the incidence
of-parrsitiem and encepsulrtion. The results obteined
showed thet the prresitism by nemrtodes of berk beetles
veried considersbly st different samrling dates and »t
the different sites. Hundreds of beetle larvae were
found to harbour no nemstodes, the greatest incidence of
parssitism was less thén 50%.

The incidence of infection from two different
localities over different periods of Time care shoﬁn in
Fig. 13. The results showed that the incidence of
parasitism in Yatley, reathing 44% in September, was higher
than that of Alice Holt =area, the highest incidence wrs
33,%% in Aoril of the same year,

There was little difference between the sex of the
beetle and the degree of infection, both are infested to
the seme extent, =lthousgh msles tend to contein » higher
‘parssite burden thsn femrles.

The number of adult femrle nemsrtodes perrsitising the

N 9 |
Ao

host varies between 1 s~nd 50. A ranzge of between 1 -

A



FIG. 13

THE PERCENTAGE PARASITISY OF IPS SFXDENTATUS,

BARK BEETLES COTIT.ECTED FRCOM TWO DIFFERENT

LOCALITIES SAMPLED AT MONTHLY INTERVALS.

Key

A, ALICE HOLT

B. YATEDY
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parasites ver host wng the commeonest incidence of
perssitism in natursl forest populstions (Fig. 1%).
Beetles occufring ﬂgturally in pine logs with 20, %0,
40 or un to 60 were rere.

Percentage infestetion at different times from
different locelities are shown (Figs. 1% and 15). The
highest infestetion was recorded from Ystley in September
(35% - 42%,5%) and dropped to 25 - 26% in November, while
at Alice Holt the highest infestation wes %2 - Z2% in
May, declining to 13 -~ 14% in Cctober.

The incidence of ercepculated nemstodes in adult
hosts also varied from4time to time, ranging between
sovproximetely 5 - 15 percent. Such variations in
incidence of encepsuletion in adult hosts is presumebly
related to the azge of the beetles, especieslly in natursl
forest populetion where the age of the host wes unknown,
although only two generstions usurlly emerge in & yesar
(Fig. 14). Tre first generation =ppesred in May ~nd
June and the vpercentage encapsulation veried hetween
16 - 21% 2nd declined in October to 8%. In the second
generation which emerged in November, and entered 2=n
overwintering dispause, the percentage enceusulation was
15%.

In laboratory cultures the incidence of parasitism



riG., 14

THE PERCENTAGE INCIDENCE OF ENCAPSULATION
IN FOREST PCPULATIONS FRCM TVWC DIFFERENT

LOCATITIES
Key
A, ATICE HOLT

B. YATELY
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FIG. 15

PARAST™E DENSITY I INFECTED ADULT

TIPS SELDENTATUS TN FORLST POPULATICNS

A ALICE HOLT

B. YATELY
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varied from genercrtion to generstion depending on the
initiel infesteation of the varents. The incidence of
encapsulatioﬂ was directly relsted to the are of the
adult beetle. 75% of prresitism was recorded in the 5th
generation but in the last two generations the incidence
drooved to 29 - 34%. It is possible that this low
incidence wrs crured by 2 very low percentsge infection
in the beetles uvsed in subculturing. 36.8% incidence

of encspsulation was elso recorded in the 5th generetion
Table 5a. Number of paresites per host varied between

1 - 150 with few beetles contzining » single perssite.
The introduction of infested beetles produced & highly

infested population, possibly because of the limited

distances that the beetles can move.
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52 Incidence of prresgitisp »nd encepeulstion

of I. sexdentrtus from laborrtory cultures

No. of Clbne Total | Total | Percen- Fercen~ Ranee of
gener— Ips Ips tage tage nemstodes
ations exam- | infe- | infect- | encaps- | of arith-
ined cted ion uletion metic
neans
Fl A 125 33 P64 15.8 1-26(1%.8)
B 135 32 27.1 18.02 | 1-34(8.9)
B2 A 125 3% 26,4 16.1 1-22(9,4)
B 122 30 26.2 19.2 1-28(12)
T3 A 130 48 %6.9 21.5 1-32(14.6)
B 72 28 28,8 20.6 1-28(12)
Fi A 71 28 39,1 2%.4 1-102
(23.5
B 167 79 47,% 28.8 1-26(20.5)
F5 A 127 55 43%.3% 34,0 3-65(%0)
B 85 64 75,2 26,8 1-150(22)
6 B 108 20 | 34,0 13 1-45 (15)
o B 135 40 29.6 12.6 2-56 (18)
Mean - - up. 4y 37,5 21.7 -
Standerd - - +20.5 | +17.8 + 10.2 -
Error_
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A and B represent the two different locelities
from which the initisl samples were done and from these
two originel, semples the laboratory sub-culturing wes

made.
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%.10., Effect of starvetion on heavily verasitized host

and subseaquently on their including parasites

The result (Table 6) shows that after seven days
of stervation the most Weoity parrcsitized beetles died.
The number of peracsites per host in this group veried
between 25 - 40 r=dult peresitic female nemetodes with
s mesn of 34.10. It wes found that the hosts can
survive loneer when they contsined fewer parasites, and
those which survived until the end of the experiment
were non-infected =nd were still slive. After 25 days
some uninfected beetles died. The neratodes insice the

dead host hed slso died.

Table 6 Effect of starvetion of parssitized beetles

No. of peressite per MT100 No. of beetles
host in each group in each group
Range Mean ’
25-40 3.1 7 12
10-18 14.3 10 18

5-8 6.6 15 25

-5 4.2 20 28

0-1 0.12 25 8

0 0 30 20

Key: IMT100 is the time tsken to reach 100% mortality.

e ——————
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n, Zffect of mulbiple infections on subeeguent

develorment .internesl snstomv and fecundity of the

peresitized host

Both emell and large male »nd femsle beetles were
found to harbour the perssite. There wes found to be no
decrease in size of parrsitized beetles when compered with
uninfected ones, except when kighly infected. Male beetles
infected with 80-100 adult femele perecites were found to
be reletively emaller than others, but these were rarely
found. Yo effect on external chnraéters, ae elterations
on the external structures of the host due to the
presence of the pprnsifes were observed. Consequently
it wss mot possible to detect if o beetle was perssitized
by exemirning its external anatomy, but behsvioural
differences were noticed and infected insects appearde be
less sctive then non-parasitized ones. The‘cuticle of
an infected insect was slweys lighter in colour, being
light brown instead of being desrk brown compared with non
infected insects of the same are, ﬁw&jaawmg that the
nematodes retarded the develovment of the insects. This
phenomenon was very useful in obteining sufficient
‘infected hosts and poresites for various experiments.
Imergence of adult beetles from vupee was retrrded by

-
)

nematode infection. Differentistion ond growth of the
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host was also affected by prresitism, the time taken

for en infected pupre to become zdult wes slweys longer,
about 7 dsys. compared to %2 days for the completion of
pupation of unparssitized hosts. Consequently, infected
Dupae were the last to emerge from logs, and the length

of delay was in proportion to the density of the parasites
per puva. Neverthelese dissection wes the only certain
method of d~termining peresitism.

The presence of the nematodes in the body cavity
of the host, irrerpective of their numbers, diminished
the fet reserves and destroyed the fat bodles, and in
cases of heavy infestetion the fat bodies were non-exist-
ant. It wes found that in dissections of adult beetles
the ovaries of non-infected females were well developed,
while infected femzles of the same age had smaller and
undeveloped overies, especirlly in heasvily vperrsitized
hosts.

Another internal effect, when the nemetode is present
in the body cavity of the host in large numbers, particul-
arly when the third stage lsrvae apperr very active, the
genital system of the beetle is affected. These nematodes
appear to pierce snd destroy the peripheral sheath so that
the ovaries hang loose in the body cavity. Lastly, when

they were heavily parasitized Contortylenchus reduced the
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ecg output of the female beetles. It was found thnt

when four infected adult male snd femele beetles were

used in subcuplturing, only 16 sdult beetles were produced
in the next cenerstion (besides the oricinal four which
were still 2live 2t harvesting time). They were all found
to be heavily infested, which indicated that the multiple

pzrssite infection diminished beetle fecundity.
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4.1, Histochenmletry

1. Chemicel composition of the carncules

The results from most of the hisgtochemical test

for the capsules (Teble 7) prove that the cepsules are

mainly composed of protein.

Table 7

Histochemical tests Capsules tissue

1’;‘01‘1.

=

b.

Ca

Hel.2e

8.

Proteins

agueous bromorhenol blue .
(generel protein) PRI

Millon's reaction
(structural protein, tyrosine) o

Nucleic acids FTeulgen silein
(Deoxyribonucleic acid) 4t

Carbohydrates

Best's Carmine
(glycogen) | St

P.A.5. glycogen and mucopolysaccharides ++

Tipids
Sudsn black B (bound lipid) -
0il red O (neutral lipid) -

Key:

444+
+++ . ‘s

Intensity of positive result
++

- negative
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4,1.4, A1l technioues used to determine the presence
of enzymes were negetive.

4,1.5. Capsgules gave a slight positive reaction for
heemogliobin.

4,1.6. Amino 2cid anslysis of the capsules in shovn
in Teblg 8. Surprisingly tyrosine wss not detected by
this method, although the copsule wee positive with
Millon's reactions which isg regarded as specific for

tyrosine.
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Table 8 Aoproximate gusntities of amino acids in

the cellular cepaule

Amino Acids

Quantity of
each amino

Percentage of
total emino

detected acid in the acids present
capsule in
nanamoles/ml
1 Glutsnic ecid 52.0 9.5
2 NH% 50.1 9.2
3 Glycine 50.0 . 8.9
4 non lucine 50.0 8.9
5 isolucine 50.0 8.9
6  Aspartic acid 46.8 8.3
7 Tucine 42,3 75
8 Serine 41,9 7.4
g Liysine 28.5 6.8
10 Llanine 3044 8.6
11 Threonine 23.5 4,2
12 Argnine 20.1. 3.5
13  Phenylalanine 16.1 2.8
14  Valine 15.5 3.1
15 Methionine 4,54 0.8
16 Butidine 2.38 0.4
17 Methionine sulphate 1.5 0.2
18 Butyric acid 1.11 0.1
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Chemical composition of edult perrsitic fémale nem-todes

The cuticle of the femele nemstodes wss slichtly
pocitive to 211l the 1ipid steins used =an 2 small smount
of bound lipid (Sudan Bleck B) wss detected at the bese.
The cuticle wss positive for mucoprlysaccherides (PAS)
and slighﬁly for glycogen which appeared s2g 2 fine
grénular materiael (Best cermine), but it was strongly
poritive for general proteins (bromophenol blue) and
inconclusive with Millon's reaction. None of the enzyme
techniques used demonstrated activity except for very
slight indicetion acid phosphetase.

The hypodermis contained neutral fat (oil red 0)
and bound lipid (Sudsn Bleck B) present es grenules,
carbohydrates were strongly positive (Best carmine) and
it was 2lso positive for FAS: Dbut it was strongly
pogitive for genernl proteins (bromorvhenol blue). The
hypodermis cell nmaclei stained intensly for DNA (Feulgen).
The hypodermis showed slisht acid vhosphetese activity,
but this was inconclusive.

The coelomocyvtes in the pseudocoelum stained strongly
positive for mucopolysaccharides and glycogen (PAS). The
oesophegeal region conteins lipid droplets (oil red 0),
proteins (bromophenol blue), mucopolysacchorides (PAS)

and clycogen (Best carmine). The lumen of the oesovhagus
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stained strongly positive for mucopolyssccharide and
ﬁrotein (PAS, Bromophenol blue). The nuclei in this
region stsinéd strongly for DVa (Feulgen). The gut of
the adult female filled with neutral fat, weakly pos-
itive for PAS and Best carmine and positive for proteins.
The gonads contained large smount .of lipid, glycogen

and mucorolysaccherides (Sudsan black B, bromophenol blue

o

est carmine and PAS), the overy and the egss and the
oviduct were intensly positive for proteins (bromophenol
blue) end for INA (Feulgen) especislly the eges.

Pogitive reactions were obteined for the hnemoslobin
test, but it wes not very rcetisfactory, it is demonstrrted
in the cuticle the gut snd the gonads, but the results
were inconclusive, it needs more certainty for adequete

controls were not used.
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4.2, Osmotic rerulation of unencsmsulated nemetodes

and entire cansule

The effect of immersine 2dult femsle Contortvlenchus

in various dilutions of 1.0M NaCl, 1.0M sucrose =nd
diffevent dilutions of entomol@mcsl saline sre shown in
Figs 16 to 19. It w-s found that the length of the
nemetode was =ffected by the concentrstion of the
solutions used. After 90 - 120 minutes in hypertonic
solution there wsrs no more cshrinkege and after %60 minutes
in 0.6M NaCl the nemrtodes had regaiged the original
length and apperrance (Fig. 16). It took the nematodes
th C.4M and 0.5M NsCl up to 15 hrs. to regain their
original length. HNematodes in 0.4l%, C,.5M and O.6M

NaCl were still sglive after 15 hrs., whilst those in
0.8M end 1.0M NaCl returned to their originsl length
but were all found to be dead after 20 - 22 hrs.

In distilled water or 0.05M, 0.10M and 0.20M NaCl

[

the nematodes were unable to regain their original
leneth after 20-3200 min. In distilled water, 0.05M
and 0,10M NaCl they 2ll burst, while in 0.2M they had
not regeined their originasl length within 24 hrs. even
though they were still alive. No chenge in length

occurred in 0,21 1TaCl, which wrs teken to be isotonic

(Fig. 16). Similar results were obtained when the



FIG. 16

THE EFFECT OF VARIATIONS IN OSMCTIC
PRESSURE UPCN ADULT PAR/LSITIC FIMATES

CONTCRTMYLYNCHUS DIPLCGASTTR NFMATCODES

(MEAN OF FIVE) WITH TIME PLOTTED ON LOG
SCATE IN DISTITLED WATFR AND VARIOUS
CONCENTRATION OF SCDIUM CHLORIDE

Key
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nematodes were placed in hypertonic solutions of
entomolo@cal saline they regained their original

length after. a period of shrinkege, while there wss no
recovery in hvpotonic solutions except ot 0.85%., It wasn
found that they could survive longer in 0.8%% entomolog-
icel saline although they increased in lenpgth at the beg-
inning, but began to recover snd after 90 min. they regained
their original length. This was the only instant of
apparent recovery in a hypotonic solution. They did not
burst even after 24 hrs (Fig. 17).

Nematodes nlaced in hypertonic sucrose solutions
continued to shrink for more then 3 hrs (Fig. 18), then
a reduction in the rete of shrinkage occurred but they
were uneble to regrin their orieinal length even sfter
18 - 20 hours, but they a~proached their original length
after 2 hrs. The nematodes increased in length in hypo-
tonic solutions of sucrose (0.2M) for 18 hours.

Those which hed regeined their original length in
hypertonic soluticns of NaCl after 1% hrs. or less end
were placed in 0.7%M NaCl incressed in length as if they
were in hwvpotonic solutions (Fig. 19).

The effect of immersing cansules in verious dilutions

of 1.0M ITal end different dilutions of sea water ore

shown in Fig. 20. It was found that the extent of chanee



FIG. 17

SHOWING THE PERCENTAGE INCRBASE (+) OR
DECRFASE (-) IN LENGTH OF ADULT PARAESITIC

FEMALES CONTCRTVIENCHUS DIPTOGASTER (MEAN

OF FIVE) VUITH TIME PLOTTED ON A T0G SCALE
TN VARTOUS DILUTIONS OF ENTOMOLOGLCAT

SALINE

.00%  Entomological Saline
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PERCENTAGE DECREASE (-) OR TNCREASE (+)
IN LENGTH OF(C. DIPLOGASTER IN DITFERENT

MOLARITIES OF SUCROSE (MEAN OF FIVE) VITH
TIME PIOTTED ON A T.0G SCALE

Key
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FIG. 19

SHOWING THE PIFRCENTAGE DECREASE IN LENGTH

OF C. DIFLOGASTER IN 0.8 M AMD Q.6 M

SO0DIUM CHLCRIDE, THWN INCREASE IN TENGTH
AFTER BEIRG IN ISOTCONIC SCLUTICN 0.3 M
SODIUM CHTORIDE, (MPAW OF FIVE) WITH TIME

PLOTTED ON A IOG SCATE

OO - 0.6 M Sodium Chloride
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in the size of the cepsules was effected, firstly, by
the strength of the solution and secondly, by the nematodes

S

side that capsule. When the solution was hypotonic

=t
]

n

7

~h

or the cepsule 1t was hypertonic for the nematode ineide
it. In 0,75M HaCl the capsule began to expand at the
beginningtpnd the nemetodes shrank, when the nemetodes
began to regeain their original length, the capsule was
reduced in size, so there was no equilibrium in the
changes. 1t wss impossible to run the experiments more
then 18 - 22 hrs., hecause after thet the nemstodes died
and the capsules beceame dull and cloudy, s¢ making
observation difficult, but no steoble equilibrium hed
apperently been reached. Less change occurred in 1.3%5M
NaCl. "he capsule wes reduced in size and expanded little
after 60 min. asnd nc more after 8 hrs. Grester expension
occurred in 1.0 and 1.250" NaCl and grester reduction in
1.5M NaCl, Capesules placed in different dilutions of sea
water were more statle. 80% (0.4 M NaCl) sea water wes
hypertonic to the capsules and caused sreater reduction
in size of the capsules after 30 min., but the carcules
rerained their original rive after 8 hrs. They began to
expand. possibly because of the nematodes inside but there

wes less than 9% eypansion. The exneriment stopned after

+ ’
the denth of the nemetodes. Cepeules placed in 70-75%
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FIG, 21
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sea water increaced in size so these diluticns were
hypotonic to the cepsules, there wrs very little recovery
so these dilﬁfions were considered to be hypotonic to

the cepsules. There wrs very little recovery in these
solutions bubt they were not #ble to regain their oripinel

size even efter 15 - 17 hours, (Figs. 20 2nd 21).

Covkmud o page 204
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Plates 30 A, B and C ghowed the capsules exposed
to different_concentrﬁtions of solutions. In A it showvs
the cansule in 2 hypotonic solution where it expanded
but the ncmatodes appreared as if they were in hypertonic
solution. Vhile i% B the cepsule and the nematode are
in hyvotonic solutions where both appeared swollen and
thg‘cspsule nuclei avrneared clerrly., The cepsule end
the nemrstode arreared shrunken in Plate 20 C which means

they are exnosed to hypertonic soluticn.



TATE %
PTLATE 20

THE EFFECT OF VARIATICN IN OSNMOTIC PRESSURE

UPCN THE CAPSULE OF C. DIPIOGASTER

A... CAPSULE IN WYFOTONIC SCLUTICN BUT THE

NEMATODE IW HYPERTONIC

B. TEZ CAPSULN AND THE NEMATCDE IN HYPOTCONI

SOLUTION
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SOLUTION
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4.3, The oxymen consumpbion of infected =2nd uninfected

a2dult beetles

The respﬁration rate was measured for uninfected
mele and female adult beetles.

The mean respiration r-te was salmost the ssme in
uninfected msle snd femele beetles (Table 9) although
there was a considersble variation in oxygen consumption
of beetles of the srme sex. These results were compared
with *the consumption rates obtzined for infected beetles,
in order to determine if the 02 consumntion rete was
affected by the presence of the psresites. It wes found
that the psresitized beetles had a higher rete than

uninfected beetles (Pig. 22 ).

=

Teble 9  Oxvyeen consumption (€0,) rate in pl0./pediwd.fi
ro 7 <

(at EQ.AOC) of uninfected adult male end femnle heetles

Sex and No. of Mean ulO. Range Standard
condtion replic~— Pe dry wé/ oxygen error

of beetles ates 1 hr. consumed (5.E.)
Uninfected 4 4.699 4.04-5,51 0.349

male adult

beetles

Uninfacted 5 4,818 3.86~5.90 0.%99
femzle adult

beetles B




FIG. 22

THE EFFECT OF PARASITE DENSITY ON THE OXYGEN

CONSUMFTION RATE CF IPS CFYXDENTATUS PARASITISED

BY CONTORTYIFNCHUS DIPTOGASTER NREMATODES
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Table 10 Oxyeen consumption rete (ot 24.400) in

nl0./uz/hr of veresitized mele and female mdult beetles
el )

Sex 2nd No. of No. of Mean nl0./
condition percsites replicates pe AT’y Wt/hr.
of beetles per host -

Infected % z2 9.215

adult male

beetles > 2 9.435
15 1 2242

Infected 3 2, 6.6%2

adult female

beetles 5 2 7085
15 1 13,245

It wes found that the respiration rate of parasitized
beetles wes proportional to the parnsite density (Fig. 22).
The rate was incressed steadily =g the number of parasites
present per individuvel host increased. Student's "t" test
gave significent velue for 5 degrees of freedom P = 0.01,
since the value of "t" was greeter than the observed
value et 5 degrees of freedom for 10% level which is
2.015 ) - . Infected male beetles tend
to have 2 higher oxygen consumption rate than infected

femeles (Table 10).

4M4. Respiretion rotes of =2dult verecitic female

Contortvlenchus sr.

The results of the experiments ot BOOC gshowed that
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the adult prrasitic female Contortwlenchus dissected from

hosts haed & high oxygen consurmption rste, with the

mean of O.Q?? + 0.0475 P102/pg dry weight/1 hr. at 20°C,
There was & little variation in the rates, renging
between 0.347 - 0,573 Plogﬁug dry weight/1l hr. (See

appendix 4 ).
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4.6, Ihe ultr-structure of the voung end tThe mature

paresitic zdult female neratodes from pupel and ~dult
hosts

,

The body wall of parssitic larvae of Contortylenchus

is composed of en outer layer cortex (Flate 41) with e
trivle leyered structure, two electron dense regions
seperated by an electron lucid region. The prrasitic
larval cuticle was ridged transversely &t regular
intervals. Under the triple-layered mewbrane there was
.
an smorphous * dense layer followed by another nerrower
dense layer.

In 2 transverse section the wature parasitic femsle

of Contortvleaghus did not arnesr like other nemetodes in

the distribution of the muscles or the hypodermis. Tre
body wall was unlike the ususl nemstode cuticle. The
hypodermis was continuous with the outside covering leyer.
It 2lso had 2n incomplete layer of fibres which had an
irreguler region of concentric fibres.

Five layers cen be distinguished between the external
surfrce and the musculsr region. 411 these leyers form a
region 0.93% Jim wide. This electron dense region is
folloved by a granular layer, then a fibrillar layer,

s vacuolated region with a column of dense fibres and

lastly by the besal lamina which is a bend of fine
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crenuler meteria

i

; (Plates 78, 74, . & B, anda 38).

The external surface of the sdult perasitic female
is covered with 2 merbranous iayer (Plates 24B, 35, %6,
37, 38 A, C,D,3%, B and 40). It was impossible %o
detect this membranous covering layer with the lipht
microscope. These membranes were developed only in the
adult perasitic female from the adult host beetle (plate
40, 1, 2, and 3). This membrene appeaved as dense
grenules sccummulated on the rcurface of the nematode. At
the sePme time the infolding of the surface layer started
to form here (Pletes %3 A, Z4A).

In transverse section from young adult paressitic
females =2t the ultrestructural level, the hypertrophy
of the hypodermis, perticulsrly in the intercordsl regions,
was digtinct. The reduction of the somstic musculature
was extreme. It was apparent that a marked reorganisation
and obvious modification in the body wall had taken place
after the infected nemstode had parssitised the host.
(Plates %1 and 32). The hyprdernis conteined large nucleil
with their nucleoli, mitochondria, glycogen and ribosones. .
The bodv of a voung parasitic female from host pupa showed
the hypertrophy of the hypodermis in the anterior region
(Plates 31 snd 32).

The sometic musculature is composed of four sectors
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PLATE %7
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of nletyvrysrian cells, esch intercorded sector cortsinine
gix cells. Glycogen mitochondria, »nd endoplasnic
reticulum were found in this region.

The presence of mitochondria, glycogen and veslcles
with dense contents which were membrerne bound snd rough
endoplssmic reticulum (Plate 35) support the evidence
that the‘outer region of the body wall is lecking in
cuticle. The hypodermis st the enterior end conteined
four cords. The lateresl cords were grently enlarged
and =lmost filled the body cevity (Plate %1 and 32). These
hypodermal regions contained golegi bodles, lipic ﬁbrles
or dronlete, vesgicles =2nd mitochondria,

Ir cross sections of the developing parasitic female
from host pupae the externazl surface of the nematode was
covered by large and small dense granules (Plates 334 and
Zuh). These granules accunmulated on the outer surface
of the encsvsulated nemstodes within the host haemolymvh,
but these granules do not reserble debris. These electron
dense bodies in later stages or after the growth of the
par-sitic edult femesle spperred like a membranous layer
covering the whole externsl surface of the nematode
inclvding the fold region (Pletes 3%A, 344 B, snd 40).

The membranous l=yer was present 1in almost all the

mature parcsitic females; but not in perssitic lesrvae or
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the young develcping adult from host rupa.
There is an indicetion that these dense bodies

were released from the vesicles of the cavsule tissue,
then later they fused torether forming this membranous
layg}, increfsing the Surfacewarea of the nematode. It
is also possible that the folds formed ss 2 result of
rapid growth of' the nematode and also to increase the

surfece ares for the same purposes (Plstes 334 and 344).

Contortylenchus diploraster has no mouth, no anus

and the oesophsgus is 2 simple tube which is connected to
the blind ending intestine. One dorsal and two subventrel
glands have been reporfed in the infective fermle. A
trensverse section in the ocesorhageal resion from adult
parssitic femmsles from host pupre chows these glands

and the oesophsgus tiscue (Plates 31 ~nd %2). The oesoph-
ageel region conterined meny nuclei with dense patches of
chromatin with nucleoli. The cytoplasm conteined mito-
chondria =nd many émall ducts lined with cuticle. An
exténsive cansliculi syvetem torether with numerous micro-
tubules were found in this region (Flates %1 end 3%2). In
crosg section the oegotvhagus apreared as a circular tube
lined with cuticle. There was no muscular tissue around
or within the oesonhapgus which proves that it is a vestigel

structure in adult perasites.
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Groups of membrene bounded caznaliculi were found

in this =rea, scattered in different places zround the
oesovhageal region (Plate %21). There are three mein
groups of c2nalicull which belong to the gland tissue:
the;é caneliculi sre sometimes joined tosether forming
small cuticulerised ducts. The cuticle lining the
oesovhageal lumen epperred homogeneously electron dense
(Plate 36). The oesophapesl region is composed of 6
nuclei, scme of them with nucleoli. There are also
numerous mitochondria vesicles and vacuoles, dense granu-
lar minute bodies and the ceneliculi of glends. Unfort-
unately, sections were not obteined to show the junctions
between these glands and the oesovhapgesal lumen. The
cytoplasm of the oesorhazgeal regior was packed wifb cmall
snd biz eslectron dense granules (Plates 31, 38 B), varying
in size from 0.45 to 0.89 P in diameter. Trom the
histochemical study it seems more likely that thése
granules are mucopolysaccharide, fine glvcogen particles
were £lso seen around these prenules (Plstes 31 snd 38 B).
Glend tisene, in Plate %6, Plste 71 shoved the oesoph-
se=]l region and the coennliculi of the =lands. Plete =21

znd %2 <howed the smnll cuticulrrised ducts and the lunmemn.
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4.6, DISCUSSICH

Ips sexdentatus inoculated into pine logs, bred

better in ve?tilated logs. The small culture chambers
employed by Al-Raebiai (1970) were inadequzte because
only a few beetles were found to reproduce and these
usnally died within a few weeks. The beetles were
very small and very weak, and they were unable to
react against the nematode infection. It is likely
that these beetles were not strong enough or healthy
to overcome the invasion. At 26°C Qith a reletive
humidity of 70-75%, the modified los method provided

a satisfactory source 65 meterial for experimental

work. The beetles emerged within 2 morth even when

they were infected by Contortylenchus.

A1-Rabiai (1970) wes the first to recora Contorty-

lenchus sp. in the heemolymph of I. sexdentstus. The

nematode becomes enceapsulated during the first week
after the beetle's emergence, although she thought that

the infective adult female Contortvlenchus penetrated

host pupae. Few observations were obtained of the
encavsulation of nematodes in the pupal host, from
forest populations, and laboratory stock. Al-Rabiail
(1970) velieved encapsulation occurred only in adult

beetlcs. This investiration, however, hes shown that
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the pupal host does react asainst the invsading foreign
bodies as goon #s invasicen takes place. There would be
no value if this immune reaction took place after the
parasites have been in the host's hsemolymph for more
then one week, since haemocytes are usually immediately

stimulated and mobilised.

-~ The relationship between C. diplogaster and 1its

host I. sexdentatus would, according to Crofton's (1971),

definition for parasitism, represent an equilibrium
between the host and the parasite, based on evolutionary
adaptation, which ensures the continuity of their relat-
ignship by the survival of en unharmed host. As an
adaptation to parasitism in nematodes after inveding
their host, part of the system controlling develoﬁment
mey have been lost #nd the parasites may be dependent
upon host regulation. RKogers (196%2) gave evidence which
supports this hypothesis, when he =2id that development
stops when the infeétive ctage is reached, it 1s then
resumed in the next host. That means the host mey
provide sz stimulus which escts on the post-infective
female to produce something necessery for the resumption
of the development as o parasitic stage. ©Since C. din-
logaster develops and grows rapidly after being in the

host hzemocoel, this mechanism is likely to occur.
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In this study, 2 survey has been made of the forest

population of Ips sexdentatus in two localities, and it

wes found thgt the incidence of parasitism and encapsul-
ation veried considersbly =ccording to the seasonal

fluctustions in these two pleces. These variations were
probably sttributed to the environmenteal conditions,

such 28 moisture, temperature end the nature of the pine
bark. The rate of paresitism wes Tound in both sexes to
be compnarzble. The male hoste tended to have the highest
numbers of perrsites. Al-Rabiai (1970) stated thet equsl

chances of infection with Contortylenchus for both sexes

were obtzined, although she found that the females

tended to hasve the higher number of parssites. This
study found the reverse: the mele beetles were found to
have more parssites than the females #nd the highest
records of multiple infections were from msle beetles,
whether from forest populations or in the léborafory stocks.
As meny as 60 and 150 adult perasitic female nematodes
were recorded from males from the forest and laboratory
populations, respectively. While the highest number of
parasites recorded from the female beetles wes 45 females
in laborstory stocks. It is possible that the males were
able to withstend higher rparassitic burden then the
females, but no further explanation can be given for the

increased infections of the male beetles. These experi-
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ments proved that there was no significant differences

between the rate of parasitism by Contortylenchus of

male and femsle hosts, confirming Al-Rsbiai's (1970)
findings.

Up to 83 adult Contortylenchus spp. have been

found in a single adult beetle (Ruhm 1956). This is
the highest number of nemrtodes so fer recorded from
the body cavity of a bark beetle. Riding (1971) reported

multivle infections in phorid flies Megsselis halteratsa,

of 28 female Howrrdula sp. in one insect. Sixty-five
adult parersitic femsles of the same nematode were

recovered from one host fly M. hslterata. The size of

s

these parasites was greatly reduced when there were
multiple infections and they were unsble to reproduce
(personal observations, 1971). Welch (1956) pointed out
that the rate of infection in bark beetles varies consid-
erably and is dependent Sn the host density“and the
activity of the pré~infective parasite. Infection of

Ips. by Contortylenchus took place during pupation, but

why the infective female nematode was not found in larval
beetles which occupied the same gslleries is not under-

stood. Not a single Contortylenchus was ever found in

the haemocoel of the beetle instars. On the other hend,

Contortylenchus found in the pupse were encapsulated in
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the haemolyrph, often several pcst-infective nemsatodes
were found in a single capsule (Attraction between the
parasite and its host may occur; it is likely that the
nematode is attracted to the pups to gain entry). There
is probably a synchrony between the development of the
infective nemetode and the puvpation of the beetle (Al-
Rabiai 1970) {The relstionship between the paresite

and the host is highly specislised since in I. sexdentatus

the parasite was 2bsent from beetle instsr stages but
present in the infected beetle puéae).

The incidence of parsesitism of the beetle is depend-
ent upon several fectors, but the most importent sand most
obvious is the level of infection in the psrents. The
likelihood of infection is related to the distribution of
the pupae in the brood galleries and the distribution of
the pre-infective nematodes in the tunnels. The female
beetle galleries crossed the larval galleries permitting
the transmission of the nematodes from adult beetles to
beetle pupae. Infected females Ips tended to have short
galleries compared to uninfected female beetles. It
seems thet the broods were reduced in size because of the
infection which resulted in 2 higher intensity of perasite
in each individu2l host. Similar observaticns were

obtainad by Al-Rabiai (1970) and Finney (197C). In
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L. confusus the brood wes reduced to about one-third

of the normal number and the gellery wes shorter when

they were infected by C. eloneptus (Nickle 196%). It

was observed in heavily infected femeles of S. ventralis

by S. elongetus resulting in aberrsnt gallery construction.

Short e«s gaslleries were formed by moderately infected
females but lightly infected femsles constructed longer
gelleries (Lchraf snd Berryman 1970).

fematode prrasites associated with insects are
affected by environmental factors, host density and the
activity of infective female nematodes, which subsequently
effects their rate of infection. Postnikova (1960) rep-
orted higher parasitism in m&ist localities and the

infection rate was a2lso affected by seasonal fluctuation.

He stated that parasitism of fleas by Heterotvlenchus

pevlovski incressed from e minimum in the spring to the
maximum in Cctober. Incidence of perasitism in I, halt-
erstz by Howardule was »2lso effected by sessonel fluctun-
tions (Hussey, 1964; Riding, 1971; 2nd personal observa-
tions).

. Environmental conditions within the log will not
fluctuste s widely es thosce on the immediate surface.

The number of infected beetles by C. diplogester obtained

in the lsboratory varied congidersbly, since the peresiticm
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of the beetle introduced to the logs was not determined.
A high incidence of parasitism wos obtained in laboratory
populations ﬁéinly because the pieces of logs used were
not longer than 1.5 ft. long, introduction of 4 to 8

mele and female beetles of which sbout 50% were infected.
Because of the effect of peresitism on the host population
infected and uninfected beetles were used to keen the
population going. As many'aé 150 adul’: ferales were
obtained from a single host. One can infer that when few
progeny were obtained snd the majority of these were
infected then presumebly the adults originally inoculeted
were all infected and vice versa, |

Effecte of varesitism on the host

The demage dinflicted to insects by their peresites
are commonly concerned not only with thelr externsl and
internzl morphology but also with their physiology,
development, and behaviour (Wulker 1064). Parrsitism

in Ipvgs sexdentatus by C. diplogester resulted in the

inhibition of normal development, reducing fecundity and
restraining the activity of the beetles. I hnve been
unsble to detect sny effect on the external features of
the béetle other than the colour of the sdults due to the

presence of C. diplcegaster. Infected adult beetles were

lighter in colour than normsl beetles of the seme age,

suggesting thet parasitism retarded the development of
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the host.

The effect of varessitic nematodes on their resp-
ective insect hosts has been gtudied by many investigstors.
Wulker (1923%) never observed any decrease in size of

parasitised beetles Hylobius sbietis by Allentonema

mirabile compered with the normal host: they always had
well stocked reproductive orgens with ripe sex-cells.

Small snd large specimens of both sexes of I. sexdentrtus

harbour the parssite Contortylenchus. VWelch (1956) wes

unable to detect eny externsl effect cszused by the pera-
sites, no morrhologicsl differences avpeared on the body.
Swelling of the abdomeﬁ wrs noticed, sometimes in the
infected flies, but the seme feature spperred in the
gravid female flies. Goodey (1931) wss unsble to detect
any effect on the external characters of the host due to

the presence of Tylenchinens oscinellae, Parasitized

Megaselia haltersta by Howardula sp. had swollen abdomens

and transparent cuticles, (Personal observations =nd
Riding, 1971). The transparency of the cuticle occurred
as 8 result of the diminution of the f2t bodies, which
enable the detection of the parasites inside the host.

In I. sexdentatus dissection was the only way for

detecting the presence of the parssites and the differ-

ences in the colour of the sdult beetle from the same =ge.
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i

Emergence of I. sexdentrtus was delayed by nenmstode

infection. The beetles that emerged earlier were either
non—parasiti;éd or had a low percentage parasitism,

while thoce which emerged later had a higher percentage

of parasitism., The hypothesis that nematodes delayed
beetle emergence could explain these observations. Similsr

observations were obtained in I. sexdentstus by Al-Rabiai

(1970) TFinney, (1970) =nd in Deudroctonus brevicomis,

bark heetles parasitized by C. brevicomi (Massey) (¥ickle

196%). Asghraf and Berryman (1970) stated that S. elong-
atus caused deleyed emergence, limited flight and

aberrant attack behaviour of infected Scolyvtus ventralis.

Welch and Bronskill (1962) found thet emergence of
mosquitoes wes retarded by nematode infections.

More convincing evidence 2s to the effect of parasi-
tism wes seen internslly. In 2lmost =1l ceses, irrespect-
ive of paresitic burden, the fat body of the beetle was
diminighed in sizevand in heavy infestations it wess non-
existent. Se1t (1963) pointed out that parasitism haed a
considerzsble effect on the condition of the fat bodies
which were required for flight, reproduction and develop-
ment.

One would assume that several adult females of C.

o
L

dinlogaster with their progeny in the body cavity o
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single host beetle would ceause 2 definite drain on the
reserve food of the host and probably edditional doemere
because of tﬁeir waste products., This sssumption weas
supported by serial trensverse sectiocns which showed

that sections of paressitized beetles hed fewer fnt bodies
compsred with unperasitized ones. This is clesrly visible
in‘éissgcted beetles. Pnarasitism ceused severe depletion

of the host fat body stores (al-Rabiai 1970; Riding 1971;

Hudson 1972). In adult desert locusts, Schistocercsa

gregaria infected with nematode lermis nigregcens 2

significant reduction in the level of glycogen and non-
glycogen carbohydrate in the fat body snd the total
carbohydrate in the haemolymph wae severely depleted
during the ective growth of the nemavode (Gordon; et =21
1971; Gordon and Vebster 1971). In a preliminsry study
using gel electrovhorsis the effect of parasitism on the
haemolymph proteins wes demonstrated. New~protein bands
avpeared in infected beetle hremolymph compered with the
control, but enough observetions were not obtsined

becsuse of the shortare of time., It seers of interest to

note thst the effect of narasitism by C. diplocester on

I. sexdentatus heremolymph proteins. Since the results

were different rs the psasresites density ircre-sed, where

new thick bendseppesred.
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I. sexdentatus infected were less able to develop

or reproduce. Multiple infection elways resulted in an
inability of the beetles to lesve their logs and over-
lepping populstions slways occurred within the seme

log. Heavily p-rasitized beetle had reduced fecundity

of the female. The grertest domnge occurs to the females
when the vprogeny start lesrvine the host vie the alimentrry
duct vhen they demage the thin peritonerl ghesth and
destroy it by their ectivity. As a result the ovarioles

gppear to hang loose in the body cevity. Highly peregiti-

ot

zed host femeles have less developed oWeries and they are
probably unable to repfoduoe, suggesting that the develop-~
ment of the reproductive orgens mey be effected directly
by nutrient starvation or indirectly through the endocrine
system (Thomson 1952). The retarded develorment of
parasitized beetles probably resulted from the reduction
¥n the protein concentr~tion in the haemolymph.

Digintegration of cells sround embedded nematodes
sugeested that feeding was taking plece by the secretion
of histolytic enzymes (Lee 1965).

Fuchs (1915) 2nd then Messey (1960) studying

Tvlenchus contortus (C. diploesester) parasitizing I.

typorraphus found a reduced egg output in the femele wae

about half the normal. TFully developed ovaries were
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observed in non-infected »dult females of the frce fly

Musce sutumnslis while females of the seme age infected

with Heterotylenchus sutumnelis had not developed

(Stoffolano 197C). No egss were 12id by Scolvtus ventralis

parasitized by Sulvphuretvlenchus eloneatus and there was

a drastic reduction in egs production by Dendrcctonus

obésus parssitized by nematodes (Massey, 1964, 1969).

C. elongatus reduced the epg production of I. confusus

(Massey 1960; Nickle 1963; Ashraf and Berrymen 1970).

Hudson (1972) found parasitized adult sciarids Tetradonems

plicans had no gonads.
The phenomenon of host intersex was not observed in

infected 1. sexdentatus, but this phenomenon was observed

by Wulker (1961) and it wnas accredited to mermithid .
parasitism.

Effect of parasitism on the parasite

The fect thst the degree of infection influences
the fecundity of the females has slready been mentioned.
The same is true for the development of the parssite

(Taliaferro, 1C40).

Ls the infection of I. sexdentetus with C. diploeaster

becomes hesvier, the survival, the rate of development,
and the final size of the worms decreases The volume of

its

the parasitic ferale of Contortrylenchus was related to
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own burcen in the host. BSolitary varesitic adult females
were bigéer than individuals recovered from & host with
many parasiﬁeé; presunably there is an intraspecific
competition between individuals, for the amount of food
or space available in the host. The developrment of the
paraesitic nematode or its progeny is intimately related
to-the development of its host and influenced grestly by
the physiological end nutritional state of the host.
When the environment of the hoat is not suitable it will
affect its physiology which in turn ;nfluences the
parasites. OBtarved beetles withstood strese for = month
when they were uninfecfed. While parasitized beetles
were found to be affected by the density of perrasitism.
Mortality time wes found to be related to the paresitic
burden ver host. The parrsite died soon after the death
of its host. Heavily pesrrsitized teetles were the first
to die due to insufficient food, snd a deteriorating
condition. Van der—Bosch (1964) showed that starvation
had a physiological effect on the host, when he found

that fully fed larvae of Hypera brunneipennis clearly

showed greater encapsuleting capacity than those which
were starved.
Superparasitism or multiple infection are widely

known Lo effect the size and the fecundity of parscites
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(Cross, 1966) es wms observed in C. divlogester (in the

result séction). Welch (19632) pointed out thet 2s the
megs of the ﬁéresites is closer to thet of the host in
invertebrates then it is in vertebrates, so the '"crowding
effect” is much clesrer in the first group.

The total progeny incressed with erch extra peresite
but the individusl parcsites produced fewer progeny. This
study proved that when A0 and 150 adult perasitic Contorty-
lenchus were found in one host, these parasites were
unable to revroduce and they were smaller in size. Tdimit-
ation of the psrasites was probebly controlled by compet-

ition for nutrients end oxygen. -

Host resction

A preat variety of metazoen parasites live tempofarily
in the hesemocoele of insects. These include larvae of
trematodes, acenthocephels and most of the super é%milies
of nemetodes. Some of them avpear to use mechanismg of
resistance similar to those used by parasitoids (8slt,
1968) .

The encrpsulation of insect par-sites has been
described by workers, desling with the incidence of
resctions in neturally perasitized host, the cytology of
the cyst and others (Lartschenka, 193%; Boese, 19565

Schneider, 195C) suggested that cansules fall irto two
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groups, one has thick colourless jelly-like walls of
which the cells retrin their nuclei. The other has
thin, tough, brown walls formed of dead tissues.

I. sexdentetus made an uneffective defence

reaction to C. divnlogsster infection. The fact thet

the parasite in the haemolymph within the cavpsule
developed and reproduced, sugrested thet this reaction
did not avpesr to be antaronistic to the nematode.
Similar observations have been found by Welch (1956) in

Drosophila vphalerats infected with Resonems =oronymohum,

and similar to the reactions of insect hosts to habiturl
parasites (Salt 1963%).

Sufficient observations heve been made in this
study to permit some generzlizations on the nﬂturé of
encapsulation and to review the importsance of this
reaction as & defence mechanism. Vsrious types of host
blood cells contributed to the encapsulation response,
including: plasmatocytes, 2amoebocytes and granular
haemocytes. It was found that these blood cells become
stretched sround the parasite within the first 24 hours
(1 day old pupase have completely encapsulated parasites).
One hundred percent encapsulation occurred in host pupae
irrespective of the density of the parasite per individ-

ual host. Al-Rabiai (1970) stated that encapsulation
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occurred only after the emeresence of the sdult beetle
but I found it in pupse. Fuchs (1915) described

Tylenchus contortus (= C. divlogester) in the =sdult

beetle I. tyvogrrphus; in which the parasite was

surrounded by a cellular c=srsule containing fine
tracheoles, and covered by larger trechese. Fuchs
in&icated that the prresite continued to deposit wviable
egss and that hatched Jjuveniles later bored through the
capsules. )

One of the factors that affect the occurrence of
encapsulation of perasites in their host is superparas-
itism (Salt 196%; Kitamo 1969). FPercentage encapsulation
declined in the adult host, although it has been observed
that the number of empty capsules which were found in the
haemolymph of the adult beetle corresvonded with the
number of free adult parasitic females. This indicated
that 100 percent encapsulation had occurred at the
beginning of the resction. Excessive parrsitism or a
limitation in the number of host heemocytes may have
caused thin capsules in which the activity of the larvre
caused emergence. THCs from pupal host were greater
then in adults which explain why the encapsulation

declined in the 2dult host where it was found that the

likelihood of a prresite being encapsulated was inversely
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related to the degree of infestertion. The host's
powers of encapsulation may be limited in the case of
multiple inféétions. Salt (1959) stated that as the
number of parssites increase the haenocytic resction
appears to decrease in intensity. Physical resistence
to encapsulation by vigorous movement may explain the
freedom of active nemetodes from encapsulstion (Salt
1963) .

Srosovhila melesnogaster larvae invariably encap-

sulate sll the eggs of the parasite Pseudeblcgila

mellipes even when heavily peresitized (Streem and
Greenberg, 1969). As many as seven encapsulated E.

mellipes have been found in a single pups of D. melano-

gaster. The failure of superparasitized adult hosts to

encépsulete all C. diplogester mey be due to their being

weakened by the excessive parssitism. Weskening of the
adult host must be crused by the demands made by the
parasites during their development and reproduction.
Supérparasitization can be advantageous, leading to
more survivine progeny than solitary parasitization.
Superparazitized hosts containing only susceptible

A

perasite eges, fail to encapsulate some of them (Btreens
1971).
In host-parssite associations encavsulation occurs

in both solitary and superpsrasitized hosts, senerally
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the frecuency of encapsuletion is much lower in super-
perasitized then in solitarily perasitized individuals
(PHttler and/Vsn der Rosch, 1959; Pattler, 196F; Streams
1968).

Encapsulation of 3. elongatus egss »nd first stage

lervae by S. ventrelis was observed only in the body

cavity of the ist =snd %rd inst=rs. These caspsules were
enclosing irdividunl groups of nematodes snd they
appeared to be surrounded by blood cells (Ashraf and
Berryman, 1970). As many as %6 cavsules were found in

one adult I. sexdentrtus. Forty-five capsules were

found in one larva of . ventralis, (Ashref and Berryman

1970). They slsc stated that multinle encapsulation
appeared to be more common than individual encapsulstion.

Up to 8 adult C. diplogester were found in one capsule.

Poinar (1965) found 15 - 20 nematocdes in a single capsule
in the body of scierid fly.

The histochemiﬁal investigations of the capsule
wall showed that the major component of the capsule wall
was protein which weas mainly derived from haemocyte
structures. The positive reactions for Best's carmine
and FLS indicated the presence of glycogen or mucopoly-
saccheride. The negative results obtained for lipid,

supgested that the crpsule irs not formed by fet bodies of
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cornective tissues of the host. Bruce (1970) concluded
from the histochemicel study of the capsule of

Trichinella spiralis in host muscle th=st it consisted

mainly of collagen and cystine. Bruce sugegested that

the basic fremework of the crpsule wall is the s=rcolemms
and basement lemmella of paresgitized muscle fibre. Poinar
et al. (1968), demonstrated acid phosphatese activity
locelized 1n cell membranes snd lysosomc in the capsule

around a mermithid formed in Diabrotica (coleopteras).

Poinar also suggested that the pigmented material
surrcunding the parasites was melanin.

Cytoplasmic mucopolysaccheride has been reported in
the insect's haemocytes, Rizki (1857) noted the presence
of mucopolysaccharide in tre plasmatocytes of the fly

D. melsnogrster. Neutral mucopolysaccharide was found in

the besovhilic grenulocytes of the beetle Allomyrina

dichotomus and in the amoebocytes of the hemiptersn

Rhodinius prolixus (Viigglesworth 1959). The histologicrl

studies of the cepsules in 1. sexdentatus showed that

the cepsule develops gradually to a non-cellular envelope
containine mucopolysaccharide. The amoebocytes were also

found in the heemolymph of I. sexdentatus; 1t is possible

that these hacmocytes secrete this compound in the

capsule since they have been reported to be involved in
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the formation of capsules.

In cases where 2 haemocytic response to parasitiz-
ation occurs,»deposition of melenin or melanin-like
material around the paresite mey occur (Thorpe, 19%6:
Bess, 1©29; Muldrew, 1953%; Salt, 1955, 195, 1957, 1963,
1970; Salt and Van der Bosch, 1967). Ecketein (1931)
wes the first to study melanin formation in a persmsitized
insect. He ccncluded that insect blood contains an
inhibitor of tyrosinesse in its haemolymph.

Melanin formation in I. sexdentatus mav be inhibited

by the pearasite itself secreting the wmucopolysaccheride
that has been reported in its anterior region in the

ezrly stases of cepsule formetion. Salt (1056) stated
that there may be encepsuletion when there is no |
melanizetion or when melnnization 1s blocked, but melan-
ization does not cccur without the hsemocytic response.

In fact, Salt (196%) considered the "cellular reaction as
a defence reaction proper" and looked upon the "deposition
of melanin as a secondary development'.

The involvement of mucopolysaccharide in the
cellular resvonse to invasion led Salt to comment that,
"the connection of polysaccharides and particularly
mucopolysaccharide with both insects and memmalian cell-

ular defence reaction seems too frequent to be more then
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coincidence”.

The mechanisms of melanization are very complex
and both organic and inorgenic inhibitors have been
recorded (Rendell, 1972). Mechanisms by which the
melsnization procese could offer protection against
invading orgenisms heve been described. Formation of
melenin itself or products of the reaction seem to be
respongible for killing encensulated perasites (Salt,
1970). DMelanin formation is initiated by tyrosinase
acting on tyrosgine. Quinones are produced a8s sn
intermediate compound in the melanizetion process,
notsbly dopecuinone, which could act as a generalised
antibodies (Taylor, 1969). An oxygen carrier within
the haemolyrrh could induce the oxidation of tyrosine to
'dopa' or through to dopaguinone, the former by acting
as hydrogen acceptor (De Carvalho Lima, 1965).

It can be postulated that melanization in I. sex-—
dentatus has been inhibited by mucopolys=ccharide,
whether released by the haemocytes or secreted by the
parssite. This suggestion is survorted by observations
obtained by Rendell (1972) who sugrested that mucopoly-
saccharide may be involved in the inhibition of melan-
ization. He 2lso steted thet melanization inhibitor has
characteristics similar to those of the bactericides of

insects.
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The role of mucopolysaccherides in the cellular
defence mechanisms of encapsulation has been considered
in detail by Sslt (1970). His conclusions indicated
that any materisl introduced into the heerocoel which
hes an effect on the surface of the haemocytes could
stimulate the release of mucopolysacchearides, this
includes foreign perticles of material as well as
chemical substronces. Salt (1970) observed that melan-
ization in capsvles only occurred after cell breakdown.
Thie supports the findines in thiec study where the lysis
of cells took place »nd the cells (haemocybesn) which

contsin 11 the factors for melanin production were

reported to be present in the hzsemolymph of I. sexdentsatus
but its formation was inhibited probably by mucopoly-
saccheride. Poiner et 8l (1968) regerded melsnin forme-
tion @s en integrcl pert of the irmune response. FPoinar
and Leutensgrer, (1971), stated that melanin could occur
on the parssite before cells were attached to it -
so-c2lled "humoral melanization".

In larvee of Musca domestics perasitized by the

nematode Heterotvlenchus putumpnalis, large numbers of

haemocytes circulate throughout the haemocoele and
encepsulate the parmeites (Nappi and Stoffolano, 1971).

The initial reaction is the assregation and fusion of
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oenocytolds to form s piecmented layer which adheres to
the cuticle of the perasite (Nappi and Stoffolano,

1872). DNappi (1972) found that nematodes were melsnized
and in various stages of encapsulstion in all host larvae

Orthellis Caesar.lon.3days after infection.

A high aminoecidémia is a charscteristic of the
insects (Florkin and Jeuniaux, 1964). The increasing
importance of free smino ~cids 2s heremoiymph constituents
appersrs as an evolutionnry tendency developed in the most
evolved groups such as'Lepidoptera, Hymenovtera, and
Coleoptera. In these insects contrafy tc thet obtained
in vertebrates and other invertebretes the composition
of the internal medium is thus similar to that of the
cells (haenocytes) (Florkin snd Jeuniauw, 10964).

This study has shown that the psresitic female C.

divloraster and her progeny grow rapidly within the

capsule in the host haemolymph. The nutritional demands
were made upon the host by the developing parasite. The
amino scids are the most important cource of protein for
the nematode in this ambe@nt. Eighteen amino acids were
found to be present at different concerntrations. Glutamic
acid was most common, whilst butyric scid was scarcist.

£11 the amino scids in the haemolymph of some insects (Flo-

rkin =nd Jeuniaux, 1964) appearsd in the cepsule except

<
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tyrosine, butidine and butaric 2cid, suggesting thet
the capsules n2re definitely formed by the hremocytes

of the host; thelr composition wes said to be similar
to that of the heemolymph (Florkin and Jeuniaux, 1964).
The smino acids are present in different concentrstions
according to the species. Concentration of tyrosine in
théuhaemolymph'varies widely during the whole life of
insect. These variastions are relsted to the utilization
of tyrosine in the protein-tanning and melanization of
the new cuticle (Florkin and Jeuniaux, 1964). These
reagons may explain the absence of tyrosine in the
capsule.

Insects have given up the physiological association
between respiratory and circulatory systems. The tracheal
system ensures the arrival of oxygen in the immediate
vicinity of the cell, so their haemolymph is not
concerned with oxygen transport nor with the transport of
COE.

C. diplogaster coaused a dreastic effect on the oxygen

consumption of its host. Heavily per-esitized hosts '
consumedlmore oxygen than uninfected or lishtly paresitized
hosts which suegeste that the extra oxygen is consumed by
the parasites present in their hnemolymph. Infective

oide« napillosus which enter the host
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by routes where oxygen 1s freely availeble are so
susceptible to lack of oxygen thst they have been
celled strict amerobes (Rogers and Sommerville, 1963%).

It is likely that C. diplogaster are strict aerobes,

gince it weas shown they consumed oxygen and died when
an inhibitor was used. However, many. speciles which

enter the host via the gut where the pO2 is low, as in

Ageeris lurbricoids, can survive the sbsence of oxygen

for scome weeks (Rosers and Sommerville, 1963).
Complete cellular encapsulation has no permanent
effect upon some parasites. The survival of these
parasites may be partly due to their inactivity and to
the oxygen requirements in which the cepsule does not

prevent 2 sufficlent transfer of geses (821t 1963%). In

the cansules surrounding C. divlorester, lerge trecheae

and fine trecheoles have been found covering and remifyine
the capsule from which the perasites were supplied with
oxygen. Doutt (196%) steted that in tachinids a funnel-
shaped structure was formed/nfter the parrsite penetrated
the host at the site of penetration and he considered it
2

as a respiratory funnel.

Tuchs (1915) found that fine tracheoles participate

with the matrix which erows around the perasites making

2 fine net eround them. It seems probable thet death of
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encapsulated parassites results from suffocetion. Branches
of tracheae have fequently been observed to have grown
towards capsules (Askew 1971). Growing of tracheocles
on the capsules indicate thet there 1s =#n oxygen shortege
in their vicinity.

It was found in this study that capsules sometimes
remain free in the hnemocoele, and fall out when the
host is dissected in ertomological seline. They may,
however, be fastened to verious organs by connecticns
made with blood cells to fat bodies, melpighian tubules
and tracheae. On the other hand capsules often have
tracheoles and trsohea;included in their substances
especisally on the surface and within the matrix. These
observations are confirmed by the results obtained by
many authors. Marchal (1904) worked with catervillars of

Hyponomenta, Fuchs (1915) and Vulker\(1925)_in the beetles

Ivs and Hylobius, Seurat (19148) in Periplaneta orientalis.

Thorpe (1936) claimed that haemocytes sre important in
formine such tracheol or respiratory structures when he
studied the respiratory interrelstion between an insect
perssite snd its host (Chalcid end Coccidae). Thorve

stated that the trrcheal sttschments sre of no value to

he parssite and it is not en =daptation. The development

ot

of trachezl attschments in the capsule of C. diplogmemster
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could be stimulated by the parasites as their pre=sence
in large numbers evoked a sudden activation to the
trachezl epithelium of the host. The paresites may
secrete substonces which stimulate the tracheal epith-
elium of certrin sites, or changes in the respiratory
activity may occur, and reduction in oxygen tension,
becsuse of the parnsite,

It has been ghown in this gtudy thet the cellular

capsules in I, cexdentsitus hesemolymph surrounding the

parasite C, divlogaster present different aspects nt

different stapes of their development. The complete
cellular carsule fror young adult beetle wes composed

of three. layers. The cells teking part in the process

of encavsulation have been described by almost all workers
to be bleod cells although different names heve been

used {(Lurham, 1891; Holland, 1920; Cemeron,. 1934; Thompson,
1915; Boese, 1936; Salt, 196%, 1970; Grimstone et al,

1867; Nevpi and Stoffolanc, 1971; Nappi, 1970; Stoffelano
and‘Streams, 1871).

) The electron microscopic study of the capsule shoved

st

=

that' it forms the hsemocytes Tlattening themselves ngai
the perssite. A fully formed capsule appesrs lamellate
owing to the flattening of the hremocytes.

The subject of encapsulation is complex, involving
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many considerestions. Certasin generelir~tions have been
made by Calt (196%). In genersl, hymenopterous parasites
are not encepsulsted in their normal hosts, and do

elicit defence renctions in unusual hosts. This general-

isation cannot be extended to C. diploragter, for the

parasitic femzle and their progeny Jive in their ususl host
in & respiratory sheath, which is probsbly a modification

of the host's defensive reaction. C. diploeaster

successfully meet the defence reactions of thelr hosts

by diverting them. However, it seems that I. sexdentatus

posseags a defensive reaction which does uot require
conditicning to this varasite, and the parasite overcomes
this reaction in its usual host. There must be strong
oppoging, selective pressures overating, pressure to
overcome the parcsite on the part of the host 2and pressure
to evade the defensive mechanism on the part of the
parssite (Askew, 1971).

A successful peresite 1like C, diploraster must

circumvent the host's defensive reactiocn in some way.
Mercer end Nicholes . (1967) stated that encapsulation
does not prevent the rrowth =nd development of Fonili-

formis dubius which must feed throush the capsule.

Similar results have been deronstrated in this study. The

parosite may be unable to survive without the capsule at
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the beginning, this capsuls is #ble to osmoregulete
in the host's hsemolymph. It has been suggested by
Salt (1957) that osmotic differences between the
capsule and the host's heremolymph creste en exosmosis
causing the death of the prrasites lNemeritis in the
wasp Callipors. Iuldrew (195%) suggested that the
capsule exert a detrimental effect on the par-site
embryo and inhibit its development dvue to the pernea-
bility rhenomenon.

*

The initial reaction in I. sexdentatus was the

aggregation and fusion of the hsemocytes to form the
capsule about the parasite by the cell membrane breakdown,
these findings =zre supported by Sslt (1%67) who stated
that cposule formation in insects is by cell membrane
breskdown and thet 2 syncytium is formed. It is possible
that chemica2l 2nd physiolozical changes occurred to the
hoemolymph of the beetle and perticularly to the hsemocytes
in response to the neretode infection. The reasction
initistes the eggregetion #nd fusiocn of other hremocytes.
The results of the present study together with all the
informetion sbout capsule formrtion, providéd gome indic-
ations to sugrest that the haemocytes of the host micht
exhibit chemoresponse. If this is true, ther the stinmulus

muat rezch the hzemocvtes, perhars this stimulus comes
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from the parasite or from substances relescsed by the
hazemocyte which initiates the reaction. Nappi and
Stoffolano, 1971, came to = similer conclusion about the

reaction of the larvae of Musca domestica when parasitized

by the nemetode Heterotylenchus rsutumnalis.

The presence of the microtubules in the capsules
which sre orisinally feound in the blood cells especially
the amoeboid cells, may be involved in the movement of
the cells. Microtubules esre known to play a part in cell
extension (Byere and Porter, 1064) and they are probably
involved in the flettening of the capsule cells.

If the parnsite is eble to develop in the host and
keep gbresst with its reactions ag in normal hosts, it is
not destroyed but simply enclosed in 2 +thin elastic
capsule (Poinsr, 1969). Hovever, it has been shown by
Thompson | (19720) that many insect parcsites ere ignored
by blood cells and these observations led Thompson to a
belief thet healthy parasites a2re never. attacked,
possibly because they do not cause attractive substances
to be produced. It cPn be concluded from the previous

p

observations that the capsules produced by I. sexdentetus

against C. diploganster are either harmless or of definite

use to the parasite. There may be » special relationship

between the host and the perssite leadine to conditions
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in which the beetle procducesa capsule escsentiasl to the-
parasite for its well-being. This carsule is constructed
by the host in 2 mernner thet kept the parasites in contact
with an oxygen source throu~h tracheal development within
the Cﬁnsu]e. It would epperr that the capsule-forming
reaction of the hremocytes hes been protective to the
host in the first place 2nd this successful perasite hes
overcome the reaction and even used the cepsule for its
own purposes. Lilmiler observations =nd conclusions have

*

been mentioned by Holland (1920) in

<t

rematodes when they
were encavsulated withqut any adverse effeclt, snd by
Thorve (193%6) when the coccid Saissetis wss attacked by
the chalid, Incyrtus.

Nuclear membrane snd the cytoplasm of the capsule:

The histochemical work on the capsule and its
nuclei showed that protein, and DNA were the major
constituents of the nucleus. This together with electron-
microscope observetion for the nuclei, offer a strong
means for solving the problem of nuclesr fine structure,
although it is fer more extensive. The combinetion of
these two technigues hre been of particulsr value in
snswering many questions asbout the nucleus.

The nuclesr membrrene is #n actively functioning

ture (Bernhard, 1059) with pcres, nodes snd granules.

z"l‘
*"3
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(snderson and Berms, 1955; Gay 1956; and Moses 1956).
lMaterisls which mey have passed through the pores were
found es relatively large mrsses, or as ultramicroscopic
particles and as smell condensed grenules of similsr
size and density, between the nucleus and nuclear
membrane on both sides. Migretion of materirl from the
nucleus to the cytoplesm wes found in the nurse cells
of certsin insects (Anderson and Beamsil956). The

capsule nuclei apperred to degenersrte, when these

f

3

electron dense bodies miecrnated from the nucleus to the
cytorlasm. The degeneration of these nuclei is
evidence that the nuclerr merterial is extruded from the
nucleus to the cytoplssm. Similer observations were
obteined by Anderson =ndé Beams (1956) 2nd Bonhag (1955)
when masses of granular materisl were seen to miprate
from the nucleus to the cytoplasm of the nurse cells of

Rhodnius 2nd the milk weed bug Oncoreltug fascistus,

respectively. Electron micrographs were obtsined in
which detailed investigations of nucleer organizations
in this capsule revealed a mechaniem for the exchange
of material between nucleus and capsule's cytoplasm.

An explenetion must be given for the pocketings of
nuclear membrerne, snd the association which wrs observed

between the cytoplesmic inclusions and these pocketings.
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This may be a manifestation of the mechsanism for the
trengport of nuclesr meterial to the cytoplasm. Alter-
natively the possibility that these pocketings sare
swellings of the existing membranes concerned their
organisation for the passage of the nuclear materials.
4 similar phenomenon wns Observed by Gay (1956) in

Drosovhila salivery glend cell, vhere the blebbing of

the nuclear merbrzne offers a mechanisn whereby nucleo-
cytonlasmic exchanges took place. These blebbines were
characteristic festures of the cells at the stage of
develovpment.

The pocketings of nuclesr membranes did not avpeer
during the early stages of the cespsule's development
(i.e. the cepsule from early pupal host) where eerch
nucleus hed 2 reletively smooth membrane, although they
were lorse end smoeboid and the cytoplasm appeared less
electron dense. These charscters of the nuclear membrenes
in different steges of development of the capsule
suggested that these pocketings were not attributed to
the distortion duvue to fiwetives. I1If that wes true the
pockets should have appeared either in the early stages
of the capsule's development or in leter ones, when the
nuclei were completely degenerated and the nucleer

membrane sppeered indistinct. Gay (1956) came to the
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ssme conclusione when he exemined the gsalivary glend

cells of Drosophila, using a variety of fixstives.

Deep infoldiners of the nuclear membrane were often
present particulsrly in the nuclei of developing
capsulés which usuelly contain large abnormél nuclei.
Such infoldings incremse the nuclear surfece, and
probably frcilitate the passage of nuclesr substances.
Bernhard (1959) stated that these nucleer membrene
enfoldiners ere charrcteristic fertures of repidly
growing cells, especislly tumour cells.

Fumerous virus inﬁections were founa in the
abnormal cell by Bernherd (19%9); he considered thet
virus particles sre formed within the nucleus and stated
that the virus was never precent in the nucleus but was
in the cytoplasr, end the virus meterial had penetrated
from the cytoplesm to the nucleus and hed caucsed all
these alterstions. It could be concluded that a
functional reletionship betweén the nucleus and the
cytoplesm has been demonstrated. This relationship
arvpeared clesrly when the capsule's cytoplasm was meta-
bolically rctive snd contained massive mitochondria
elements of endoplesmic reticulum, microtubules, memprﬁne
limited bodies, probably lyvsosomes, and solgil bodies. A1l

these orgenelles were found in the physiologically sctive
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and young capsules which contrined rctive nuclei. The
mucopolysaccaride found in the csapsule wes presumably
either secreted by the adult nemrtode or it mey have

been derived from golgl vesicles, #s suggested by

Jones #nd Northcote (1972). The general snperrance in
the cytoplasm of the capsule from young adulv beetles, of
intense metsbolic ectivity is not surprising a2s the
energetic end synthetic needs 2re for massive transport
of nutrients into the cytoplesm and the meintenance of

necessary functions, despite & removel of meterial by

n

the developing nematodes in the capsule. The capsule's
cytonlegm consisted of a membrane svsestem which formed

the vesicles of a network of tubules through the
cytoplesm called endoplezsmic reticuluﬁ (Palade, 1956).
RBernhard.. (1959) considered the behaviour of these
membranes 25 extremely dynemic within 2 single cell,
according to its rge, nutrition snd functicnel state.
Palade (1996) sterted thet endoplasmic reticulum is
present in 211 snim~l cells and represents important
eouipment for the orgsnizetion of such cells and it is
grestly affected by, or involved in, the process of cell .
differentiation. ,

The dense bodies which spperred in the copsule's

cytoplasm were sugrested to be lysosome~like bodies but
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no histochemicael evidence wogs sveilable to supvort

this sugrestion. It hee been susrested by Bennett (1956)
that the lysosome granules mey represent segregated
vhegocytosed or pinocytosed materisl and the engzymes
asgoci~ted with the granules mey play a role in

bresking down some of the contents of the bodies.

~ In a2n 0ld capsules from the sdult hosts the

cellulsr structure wes no lonrer distimet; all the

nuclei hed conmpletely degenernted and only fragments of
the nuclesr menbrane rerained after nuclesr lysis.
Whorles of membrenes or lermellre were common in these
cerpsules. Swiff (1056) defined them eg fenestrnte sheets

of poarsllel, membrsnous elements called annulrted lrmellre.
The szme structures hsve been obrerved in invertebrote
oocytes end they ore very cormon in cancer cells (Swiff
1956). These lrmellae =re presumsbly either the remnants
of nucleer merbrane, remaining from the disintegrated
nuclei, or unknown orgrnelles.

Abnormcl mitochondria, swollen or with irregulsar
eristoe were often found in the capsules. Complete
digintegration of the mitochondrial membrane occurred
when the mitochondris becesme condensed #nd trnnsformed

into electron dense dark bodies of mlobules containing

nunm~rous black grenules. These demaged mitochondria
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have been interpreted =8 lysosomes (hshraf et =1, 1971).
The factors regsponsible for these changes 2re not known.
Other physiologicel disorders #lso resulting from this
alteration. Similsr changes in the mitochondri~ were
described as lvsosomes in the silk worm muscles (Lockshin
and Willisms, 1965). Ashraf et al (1971) reported
siﬁilar slteration in the mitochondria of the flight

muescles of Dcolvtus ventrelis peresitized by the nematode

8. elonc=tus. They thought thet the, fectors responsible

for these altersations were hypoxis aund toxins due %o
the direct invesion of the muccle by the parasite.

The investigation by Ruhm (1956) of genus Contorty-
lenchus, describéd severazl new species, Ruhm published
the range of body lengths of mature females of L. diplo-
gaster 2s 1.5 - 2.0 mm, the body width 0.10 - 0.15 mm and
a ratio 1%.% - 15.0. Vhile Al-Ratiei (1970) gave =
wider range of the body length for her species #s 0.880 -
1.9%0 mm, with a body width renge 0.061 - 0.125 mm nd
an 8 ratio range of 12.6 - 1°2.9.

) The pessurements obteined in this study for mature
parasitic Temsles produced 2 lensth range between 0.996- -
2,04 mm, 0.041 -~ 0,192 mm for the body width, #nd 8.75 - 7

27.0% for the a2 velue. These mezsurements fit within the

ranges of both Ruhm (1056) and Al-Rabiai (1970). A1l the
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other mezsurements which were made of free-living staepges
fitted in with both suthors published records. The

large veristions in the morphometrics of mature parasitic
femzles wes related to the density of parssitism. It is
believed that the width and the length of the adult
nenatode varies with the density of varagites within the
haemocoel and the nutritionel status of the host. The
nematode species in this study wss thought to be the

same species as Al-Rabiai's. The results indicate that
this newatode is not s new species ss thought (Al-Rabiai,

1970) put ¢. dirlomester. There is no satisfactory

criteria to consider this nematode 2s a new species, and
. .
A1-Rabiai's new species is synonymized with C. diplogaster,

(Ruhm, 1956).

Neither Rubm (1956) nor Al-Rebisi, (1970) had
mentioned in their studies from which perssitic densities
the nematode messurements were bezsed. These authors did
not congider that prresite density would affect perasite
morchometrics. These variations ere intrespecific rather
then intercpecific, due to the competition for nutrients

when they occur in lerge numbers in pine bark beetles.

<

Haemocytes

r 3

From this study & number of types of the haemocytes
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of L. sexdertrtus were described together with their

normal and abnormal development.

Although 10 distinct types of hezemocytes were
described, the nrohsenocytes, pleematocvtes, granuler
haerocytes éﬁd emoebocytes were the most dominant. The
others were found in low numbers in &1l beetle insters.
Podocytes and vermiform cell were very rere. Frroheemocytes
were gbundent in numbers in developing instar forms, and
were congicdered as stem cells (Yearer 1045, Jones 1959),
from which the plesmatocytes, oranulsr heemocyte and
spherule cell sre derived. The plasmetocytes develop
into granular hremocytes »nc other typves of cell (Yerger
1945 and Jones 195). Thev play the major part in cepsule
formaetion since their numbers in the haemolymph were
creatly reduced when the host wee parssitized. They
varied in shape end size. This character wss used in
DHCs where closely related haemocytes were grouped
together as plasmatocytes such 2s emoebocytes, vermiform
bells, oncocytoids and podocytes which are all phagocytic
cells. DMore highly vacuolated vleasmatocytes were observed
in adult bectles then in pupce (these vacuoles correspond
to clycogen inclusions (Yeager 1945).)

The granuler hremocytes are possibly derived from

prohaemncytes. which nare rerarded s the precursors of
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other type of cells. On the other hand they might be
derived from plesmetocytes with which they are very
similar. These cells were involved in encapsulation
suggestine that they r~re phegocytic cells. These findings
sgreed with Jones (19%6) who sugrested that those cells

sending pseudornodia sre phegocytic 2s in Sarcophegea,

Diptera’ snd Prodenia, Lepidoptera (Yeager, 1945 end
Jones 195%:). As the nematode is too big to be phagocytozed

these cells aggreesate =round the parasite forming =

o Sra

ap)

(¢}
)]

ule. Amoebocvtes were sbundant in the hsemolymph

f this insect. They were polymorphic and derived fron

o

plasmatocytes (Wigmlesowrth 19%6). The- rounded, oval

or rod-sheped inclusions of these cells were believed to
be mucorolysrccherides (Vipglesworth, 1056). He found
these inclusions were strongly positive when stained by
PAS. Amoebocytes were smctive cells snd took a major

pert in capsule formotion in I. rexdentntus. They collected

around the prresite producine PAS positive cepsule. I1f
these cells sre liberrting the mucopolysacchrrides s
surpested bty Wiesmlesworth (1956), it ie possible thet

hy +the mucopolysoccheride

melenin formertlon wra prevente N m 1

~
<

in the capsule. If the spherule cells ~nd oenocytolds

A

1
ere involwved in the cepsule, the small spheres from the

apherule cells mev contain tyrosinase in crystsl forms
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(Dennell, 1047). Furthermore the oenocyboids contain
fine granules or rod-like crystrls which mey be tvrosine
(Riziki 1959, Decleir 1961). Both types of cell were
found in the haemolymph but there was no evidence of
their involvement in capsule formation, while amoebocytes
were definitely involved in the reaction.

Vermiform cells vere found in all stages of 1. sex-
dentatus, but they were not seen by other investigators
in Orthoptera, iliemiptera or Hymenoptéra (Jones 1962) and
to my knowledge they were only found in one species of
Coleonters snd one Tepidoptersn (Jones 1962). Podocytes

found in I. sexdentotus are reported from one species of

Lepidopters snd Diptera (Jones 1962).

ltinucleaste cells were observed in this insect in
prohsemocytes, plessmatocytes end =moebocytes. In pro-
haemocytes, multinucleation is normzl (Uimglesworth, 1959).
Multinuclerte cells in other types of cells rather then
prohaemocytes were observed, particulsrly in infected
hosts suggestine thet they occur under conditions when
these cells became sctive. Within the capsule, as mang
as ten nuclei wern observed in a single plasmatocyte,
sugcresting that the nucleus had undergone mitotic

division. FErrine (19%29) found that in Periplaneta ameri-

canz ond in Tenebrio ronitor, prohsemocytes, granular
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haemocytes and plessmatocytes were capable of mitotic
division under abnormal conditions, while normally only
prohaemocytes could divide. These results support
Ermine's findines. In Licheta 2s many as eieght nuclei
in s single haemocyte have been reported (Cuenot, 1896).
Foley and Cheny (1972) vointed out that no multinucleate
cells have been observed in the american oyster, Crass-

.

ostrea virginica, and surzgested that these may be

occurred under pathologicel conditions. Wisglesworth
(1961) concluded thet hsemocytes multiply by mitosis
throughout the life cycle of the insect and thet haemocytes
chanzed their shape when sttached to other tissues.
Cuenot (1891) considered thre haemocvtes to be amoeboid
only when they were in contect with tissues, but not
amoeboid in circulrtion. The real éifficulty in clagsif-
ication was alwsays with cells which were in intermediesry
form, but the classification given here is adaptsble.

In the bed bugs, haemocytes increase in number enormously
during mwoulting to remove debris (Visglesworth 1961) and
the number of circulatine cells very greatly from time to
time. Higher vslues in THCg were obtained however »fter
injury, in insects attacked by perasites and particulsrly
during ecdysis.

Histopathological chnﬂges occurred to the heemocytes

e rresence of Contortrienchus. The gualitative
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and quaptitative haermocytic changes presented in this
study produced several interesting features from THCs
and DHCs during paresitism =nd encapsulation.

In uninfected host the THCs veried throughout a
wide rance in male and femnle pupre and adults. It
was higher in pupre then thst in adults of both sexes.
Siﬁilef reszults were obtained by Tauber and Yeager
(16%5) in Coleoptera, Phyllophara and Csmoderma when
the THCs in the lesrvee were hisher then thet in the
corresponding adults. Orthoovteran nymphs may heve
slightly higher THCs then adults irrespective of their
stage of development (Smith, 1938). It was difficult

to compare the THCs and DHCs in I. sexdentatus with any

other published account, since results obteined by
different techniques are incomparable end technigues may
influence the results (Jones, 1962). According to the

sexes, the normal THCs in male pupae and adult I. sexdent-

atus were higher then the females of the two stages,
sug?estjng thet these differences may be sex-linked
chrroeterigtic. In ceneral, vearistions in THCs cue to
sexes did not differ significantly, result supported

by Wheeler (1961). In Peripleneta smericsns the 2dult

male hed hisher »nd less variesble THCs then femrles

(smith, 1238). On the other hand, the dete obtained by
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Webley (1951) showed that there were no . significant
differences between THCs of male snd female nymphs,

while adult meles had significently higher THCgs than
femaleg. The THCs of Africen migretory locusts decrease
more in meles then in females at the last ecdysis
(lebley, 1951). Cevtain vphysiolorical snd pathological
states, such as oviposition, ecdysis or parssitism could
be associsted with the chznges in THC (Tauber and Yerger,
19%4) .

In I. sexdentstus the THCs were greastly affected by

the pregsence of the nemstode Contortylenchus, and THCs

incressed after wounding or implentation of foreign

bodies in Tenebrio (Reis, 19%2). On the other hend, Resnd

(1o40) claimed no changes took place. Becsause of an

<D

increc=e in pupae the cellular rerction continued after
metsmorphosis has tezken place. The presence of a single
parssite, reduced the THCs to 16 end %39 vercent in pupal
and edult resvectively. There were significant differ-
ences in the THCs from infected male and female pupae,

but not between infected adult males end females. MNo

aroarent explanation can be given for these differences.
THCs were #ffected by the density of parssitism whether

from opupee or edulte.

n

esteations cauced greaster

Higher Conbortvlienchus in
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reductions in the total number of heremocytes present,
which sugcests that they were either involved in the
encepsuletion process or that some genersl phyiologicel
strese crerted by the presence of the nem=todes wns
responsible for the reduced numbers.

No obvious changes occurred in the THCs of

Perinleneta (Dey 1952) following massive sccumulation of

haemocytes due to inury. Rosenberger and Jones (1960)

found in Prodenie ericenis that nsturslly infected

larvae had lower THCs sugsesting that even the condition
of the exnerimente differ from thet of natural infection.
The composition of hsemocytes (DHCs) is extremely
varied from specieg to species and within incects of the
same species. Certain cell groups may occur in similer

proportions (Jones 1962). The hzemolymoh of I. sexdentatus

is composed mainly the same type of cells but thece may
differ slightly in their quantitative composition if
compered with each other. DHCs of parasitized hosts had
differed blood pictures from unprrrsitized hosts. These
differences contribute to the ewvalustion of the defence
mechanisnm of the host when paresitized. Drastic changes
in DHCs were found in both infected nupae and adult
hosts. Fresence of the perasite crused 2 decrease in

plasmatocvtes snd granular hoaemocytes, while the vrohaem-—
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ocytes and spherule cell incressed in both puva and
adult. A grester reduction occurred in both plasmato-
cytes snd granular haemocytes in adult, proving the
continuity of the reaction. ©Similer responces were
obtained by other workers, Wittig (1965) found in

Pgeudaletia univuncta grest reduction in plasmetocytes

especially in the proportion of macroplesmatocytes and

an incresse in spherule cells and prohaemocytes during

acute sepnticemia. The cells with eloncated nuclei which
.

surrounded the necrotic areas were haemocytes involved

in encapnsulation resction. Gilliam and Shimshutst (1971)

found in the honevbee the count ot healthy larvae was

higher then thoge infected by Norema apis. This destruc-

tion of haemocytes would eventuelly wesken the insect.
Nevertheless the blood counts vroved » good disgnostic
test for infection.

Neppi (1973) reported the DHCs from larvse of

Drosonhils melanoraster peresitized by_Pseudeucoila

bochei ghowed = slirht incresse in percentage of crystal
cells snd a decresse in lamellocytes. The parcsite is
thousht to have surpressed the immune reaction of the

host. The reaction of Orthellis cresarion =agsinst the

nem~rtode Heterotvlenchus euturnelis ie choracterized by

accumulation snd fusion of heemocytes (Neppi 1972).
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In the seme insects the number of oenoccytoids decressed,
and these cells are thousht to pley 2n inportant role in
encapsulation of the prrasite. It wes previously believed
that phagocytes helped to protect insects ageinst perssites
(Thompson, 1930). The effect of the cellulsr crpsule
formed by the insect's hrnemocytes is different for
different species of nematode paresites. This study has
shown that the aggresested haemocytes which encapsulated
the parasites to defend the host was not lethal to the
nemztodes within the capsule which were sble to continue
their biological activities. There méy be a very complic-

ated relaticnshiv between the immrune reaction of the host

and thege parergites.

The investication revealed a surprising synchrony
in the development of the nematode and its surrcunding
capsule., There was en increese in the volume of the
nuclei #nd DNA which Tesched = pesk in pupal host cepsules
and.subcequently declined in the capsulecs from adult
host. Degeneration of the crorsule nuclel appesred to
start =g the nemetodes laid their eggs, and in older
cepeules the nuclei had disepperred completely. This
surgested that the developing nemetodes have utilized

the contents of these nuclei or been responsible for their
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degeneration. The crrgule volume increased a2s the rdult
nemetode grew, and continued to increase to the maximum
size when the nemastode started reproduction. At a later
gtage when the nematodes progeny s third stage lervae
started leaving Tthe csapsule, the capsule volume declined.

“Yhile some hszemocytic cansules Tformed in other species
of insects did not develop bevond a certsin stasge, the

heemocytes of I. sexdentatus continued their deveclopment

long after the cevsule heg formed. Their development and
*

1wt oFf the encepsulete

fo?
3

nrecite, 7presrs to be closely

L e
¥

synchronised; +the nuclei reechine their meximum volume
before the nemrtode becomes revroductively meture. Secondly
it ig possible that the growing nematode and its progeny
stretched the carsule end made it bierer. Decline in the
volume of censules suscested that the resction has
storped end the contents have been used by the perasites.
The number of nuclel in the capsule were reduced in the
later stege of development, suggesting that these nucleil
verc being used by the nematodes. Clumps of feulgen -
positive bodies were found in the nuclei, these nuclel
derived from haemccytes that had undergone lysis of their
cell membrane. Feulgen positive bodies within the nuclei
arz poseihlv associsted with the ruvturing of the

ES

nuejear membrenes.,
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Between 250-200 individusl nucleated haemocytes
were found to compose the entire capsule in pupsl beetles.
This number may be underestimate of the iritial number
of haemocytes involved in cereule formation, since there
were several-difficulties in countinge overlaoping nuclei,
and some hsemocytes mrv have been non-nuclerte.

Bird (1961) pointed out that multinuclestion in the

early stames is related to the syncytium formetion, but

mitosis mey occur cccnsionally throughout the 1ife of

0}

giant cells. Cepsule from early pups wes multinucleat
due to syncytium formetion. Multinucleste haemocyvtes of
the capsule were found, due to mitotic division. Where
the cell membrenes lyse their content merge to form a

denge cytoplasmic retrix. In I. sexdextatus the capsules

may have a similar nutritional function to the "nurse"
cells of insects. Schrander and Lenchtenberger (1952)
stated that in Hemptera "nurse" cells, the cell boundaries
become invisible under the microscope due to their break-
down, while the nuclei become amocboid. The cytoplasm of
the cempsule gradually enlrrges s do the nuclel due to
their fusion. As the capsule wall becomes thick =2nd the
nematodes become surrounded bv dence cytorlasm, then
rumber of nuclei declined. The nuclel eventually ageres—

sted in emall groups, some of them being considerably
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lorrer tThen the normel nuclei. This sugmested thet the
nuclear fusion occurs only between ovpposed nuclei. Bimi-
lar processes occurred to the cellular censule.

The nuclear extrusion to the cytoplasm does not
usually occur without mechanical difficulty (Schrender
and Lenchtenberger 1952). So the Feulgen-positive
materiael gathered around the nuclear membrane, then the
nuclei become rounded and finally collepse, releesing their
contents into the cytoplesm. It is likely thet similer

henomenon occurred to the capsules nuclei. The Teulgen-

3

positive granules in the cytoplesn of the capsule indicate
rapid disintegration of the nuclei. It is interesting to
know whether the same alteration hanpens to the normal
haemocyte nuclei, or if this is a special modificétion of
the syncytial nvclei. The growing nematodes received
soluble contributions from the cytepnlesm of the cavsule.
This comprises not only the cytoplasm liberated by cell
membrane breakdown, but may 2lso Feulgen-positive materiel
extruded from the nuclei. Thece materials s2ccording to
Bchrader and Lenchtenberger (1952) underco extensive
chanees before they are incorporated in the growing

rganism to become Feulgen-negative substances. These

o

changes involve in the formetion of polysscchrride and

3

2eid.

N

some depolymerization of the deoxyribonuclelc
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It 1s not knowvn whether any other stimulus other
then the presence of the nematodes as a foreign protein
was necessary to stimulate the formation of the capsule.
It may be possible that the parasites utilized the haemoe~
cytes to grow. They are resnonsible for stimulating the
growth of trachcoles =nd ftraches which ramify the capsule.
Trééheation was stimulated by oxygen demand. Oesophageal
glands may secrete as they were still sopearing in the
post-infective female., These glands msy produce mucopoly-
saccharide or enzyme substeances as & stimulus which could
plezy =n important role in capsule development. The bresk-
down of cell merbrenes, mitotic division or protein
synthesis could be stimulsted by secretion of certain
substsnces by the encsapsulated psrasites.

In the complex host-parssite relationship between

I. gexdentstus and Contortylenchus, it is.possible that

the nematode rroduced certain substences which caused
cells of the hremocytic cepsule to fuse. In caprules,

especially from pupal hostes, it was found that nuclei

o

agorerated in small groups, the number of nuclei graduslly
decreased, but efch remaining nucleus ervezred to be
bicrer in size, which wns probably dve to the nuclel

fusion.
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Roberts et al (1967) showed that the saslivary gland

cells of the fly lsrvee Rhynchosciava angelae infected

by £ microsporidisn, becname enlarzed and the DNA content
of their chromosomes become many times more thean that of
uninfected cells., In later stages of develorment, when
the nematodes third stage larvee started leaving the
caﬁéule, the Feulgen-positive granules (DNA) diseppesred
from the carsule. This suggests thet the nucleus
originelly one of the most importent structures in the
cavsule, plaving the nain psrt in protein synthesis throusgh
its nucleic acids, had exhausted this role., Caspersson
(1950) steted that the nucleus is the important centre
for the production of cytoplasmic proteins. Caspersson
found that nuclei of younger oocytes were the centres of
production of the cytoplasmic protein. While in growing
cells, the DN¥A content of the nucleus apneared to be low
in relztion to the size of the cells. The cytoplasn
surrounding the nuclear membrsnes is rich with RNA,
Similsr results were obteined in capsules from pupae
which are repgarded s younger where the DNA content was
very high, while DNA content was fairly low in physiol-
ozically oléer cemsules. The nutritive materiele are
derived from nuclear DNA as well as the cytoplasm of

e
the cepsules,.
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The present discussion is therefore limited to the
description of cellular capsule orgsnelles playing a
direct role in nucleic acid and protein synthesis and

in cytoplasmic exchanges.

A1l animel parnasitic neme2todes which have been
stﬁdied, live in an environment which 1s hypertonic to
their body fluids (Rogers, 1962; Anya, 1966; Tee, 1965).
These nematodes 2re sble to osmoregulate in hypertonic
situations, but they sre unsble to regulate in hyrotonic
solutions. It has been shown by Stephenson (1942) that
water can pass into and out of the body of nematode

Rhebditis terrcetris becruse of the effect of osmotic

forces. This results in an incresse or cdecrease in the
length and sﬁze of the body. When this nematode was
immersed in distilled water for a considersble time the
swelline of the body wes raduced and returned to its
oririnal length and normal activity. This recovery was
because of the existence of active osmotic regulation.
The recovery of the trested nematodes could be prevented
by injury or & metabolic inhibitor. In 0.8%% entomolos-

ical saline, although it is hypotonic, Contortylenchus

first incressed in lensth and beenan to recover after C0O

minutce; this was the oniy occasion of apparent recovery
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Possibly because this concentretion wes very near to

its isotonicity which wrs between 25% and 90% entomolog-
icrl saline.: The increase in length mey be first

czused by sbezorntion of wmter, because of the permeability
of the hody well of this nematode.

Yhen Contortvlenchus weg immersed in hyportonic

soluftion, the internal osmotic pressure woas increased
because of the loss of water from the body. After a

considerable timc the amount of shrinkage was reduced,

ct

because ofter the nemmrtode had lost water, 1t then tock
up ions from the surrcunding sclution followed by the

movement of water, which resulted in expension. Similar

results were also obtained for Hammerschmidtiells diesinzi
when was immersed in hypertonic soluticns (Lee, 1960).
After 6 hours in hypertonic solution (0.6M NaCl) recovery
was completed., When pleced in C.2N WaCl which is normally
isotonic they increasged in length as if they were in
hypotonic solution, sugmested that these nem~todes had
teken up ions when they were in hypertonic solution
(after locs of weter ) increasing the osmotic pressure of
their body fluid.

The éapsules were exposed to different concentrations
of solution and were subjected to two main effects; one

caused hy the osmorsgulation of the encapsulated nematodes
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and secondly the other due to cencentration of the
treatment solution. When placed in 80 seawater, which
was eouivelent to 0.4 NaCl, =nd normally hypertonic
to the nemetode, the water moved from the nematode's
body 1into the cansule, resulting in lover osmotic pressure
in the cemsule and higher osmotic pressure in the nenat-
ode's body fluid. Hemntodes lost water, causinfg them to
shrink. The water lost from the nerstode and gained by
the cansule, causing en increase in size of the capsule.
When the newetodes within the cepsule beran to take up
ions followed by water. This resulted again in 2 higher
osmotic pressure of the cepsules which caused reduction
to their size. The copsules then took up ions, then
water snd increased in size. No apprrent lasting
starility wes reached in this chengeable environment
hetween Loth the capsule and encapsuleted nematodes. It
wae not pescible to run the experiment for 2 long time
because the paresites die after 18-24 hours outside the
hos*‘i:.r Treace careules fre livine tissues which ere oble
to tolsorote osmeotic choneeg in the environment.

" The ospsules increase in size in hypotonic solution
makins the cnpsule nuclel very distinct and enlarged so
thet they were easy to count.

The cavsules were more stable when they immersed in
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sea-vrter, presumsbly becruse 1t is ¢ mixture of srlfs
which is obviously nesrer to the comrositiocn of the
insect haemolymph then 2 single-srlt solution.

The crnsules and the remetodes in the insect's
heemolymph have to withstand the considerable fluctuaticns
in osmetic pregsure which could result from chanees in
the physiologicel status of the host; Panikar end
Spraston (1941) pointed out that paresites living in the
blood enéd muscles of their host live in more or less
osmotically’steble surroundings of fairly hi=zh concentraticn.

Insects exnosed to s shortage of oxygen will result
in an incrasse of osmotic pressure of the heemolymph which
will effect their prrasites. The demand that the adult
peresitic nematodes mrke in competition for the eveilable
_oxyegen discolved in the host's heremolymph are unknown.

It has been suggested (Wigelesworth, 1961) that if
the insect struggles violently in the absence of oxygen,
increzsed osmotic pressure of the blood by metabolites
set free from the muscles. These changes have important
effects on respiratinn. Relesse of zcid metsbolites into
the blood when insects are under oxygen estress (Wiggles-
worth,1961) or other metabolic product from both host
and the paresite would lead to immediate chapnees in the

osmotic pressure of the heemolymph. When the blood
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pressure of the insects increased, there were lactic
acid metebolites present and fluid from trachesl endings
removed towards the haemoclyrmph in order to increase the
respiratory surfece. On the other hand to regulate the
increase iR osmotic pressure. Insects are able to
regulete the osmotic pressure of their body fluid
(Wigglesworth, 1961).

Cther factors such ss the relative humidity may

affect the osmotic pressure of the heemolymph 2s in

Tencbric nohitor (Marcuzzi, 1655, 195A) and the accumula-

tion of glycerol in overwintering insects (Asahina et al
1954) .

411 these factors indirectly affect the perasites
that live within the haemolymph. Farasitic femalés of

. Contortylienchus divlogaster can withstend changes in

osmosic pressure of the order that may occur during
moulting and other physiolosical changes. These findings
corresvond to the data for other animal paresitic and
merine nematodes which have been investigated by other
workers (Tee 1960, Anya 1967a,Croll and Viglerchio 1969)

The body well of the nerasitic female Contortylenchus

divlorsster differed from closely related entomophilic

nemeatode: Howsrdule sp. and Deledenus (Pidine 1971).

Nemetodes in these penere lack 2 cvbicle 2nd the body
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wall 1s modified es an ebsorbent surface for nutrient

upteke. Contortylenchus does not have 2 mouth ovening

in its snterior cone (A1-Rebiei, 1970) but it certeinly
feeds, since they incrense enorncusly in size after
perasitisiﬁg the host. The hyvertrophy of the hypodermis
and the reduction in somatic musculzture thet were

found in the adult parasitic female sugrested that these
modifications have certsin and significant importance.
Riding (1971) studied the body wall of adult paresitic

Contortvlienchus, Howarduls sv. and Deladenus and concluded
2, b > e et e

that all were lacking a2 cuticle snd these species with

the exception of Contortvlenchus have an outer layer of

microvilli. The ultrastructursl observations on the
body wall =t different steges of development of Contorty-
.lenchus gnve strong indications that the body wall must
serve not only 2s = protective covering, but as =
metabolically active layer throush which nutrients are
absorbed.

Contortvlenchus lacks a2 mouth asnd functionel gut;

its body wall espperred to be continuous with the hypo-
dermis The hvpodermis conteined organelles like mito-
chonério, golgl bodies, mnd vesicles, which suggests
that it is metebolicelly active (Anya,1966).

4 membrancus layver covering the surfrce 1s thrown
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into deen surface folds in the adult parzsitic nematode.
There are four ways suggested for material to enter
[«
the cell (Rd 19663 Smyth 1968). Through pores, by
diffusiony mediated trensport; active transport; or by

pinocytosis. Contortylenchus has no pore cenals like

Acsnthocephals (Wright snd Tumsden, 1969), or microvilli

like Howerdula and Delrdenus (Riding 1971). It heas

three prominent folds throusgh which most nutrient passege
is likely to occur (Al-Rsbiei, 1970). Lee (1965) dis-
cussed cuticle permesbility and stated that when the
muscles and hypodermis_are gscreped oway, glucose could

pass through the cuticle sugresting that the hypodermis

is responsible for selective permeability. The hypodermis

is 2 dense synctium, very osmophilic and containing many

_protomlasmic inclusions. This region is in intimate

Q

ontsct with the internal tiscues and particularly the
pseudocoelomic cavity. The hypodermis is of fundamental
importance in the transference of essential compounds
between the external and the internal nematode. The role
of the hypodermis in the transport snd nﬁtyition is
obviously important.

An extensive investigetion hes been made of the

relationship between Confortylenchus snd the beetle's

Ao

tissues. The membranous layer appeared tubular at higher
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megnification and continuous with the nemeztode surface,

sugrestive of an esrly stage in the formation of

.

microvilli.

It is more likely thet this membrane separetes
the nemstode's surfsce from the host haemocytes so it 1is
a protective covering or Aalternetively if i1t is continuous
with the nematode surface, 1t may permit snd assist the
rassage of the nutrients through the bod~ well.

Te cuter granular layer that h-s been demonstrated
in this study on the outside of the édult parasgitic
nemstode could be sn absorpiive surface as surzested by
Lee (1266) in the case of acanthocephela and cestoda. The

outer covering of Conftortylenchus may be protecting it

from the hosgt's reaction. Mucovnolysecchride was reported

in the "cuticle” of Contortvlenchus in this study. Accord-

ing to Crompton (1963), the host enzymic naction could be

prevented by mucovolysscchrides. Thus in Contortylenchus
it mex be responsible for preventing melenin formation
in perrsiticed puprl and sdult beetles., Crompton (196%)

found mucopclysacchride in the acanthocephslen Polymorphus

minutus. Wright (106%) discovered that the intestinal

nicrovilli of Cenillaris hepatica were covered with rows

of Tilements srising from the cell surfece end non-acid

mucopolysacchride or mucoprotein w=s present. IMeog and
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Venger (1952) pointed out that these components may
function =s substrate for the enzyvme alksline phosphaterce,
The outer coverins protects the prresite by inhibiting
the dizestive enzymes of the host, (Mowne 1950).

hnya (1966) showed that the inner cortex of

Agpiculuris tetrapteras, and Syphecia obvelats conteined

RNA 2nd acid phosphatase and also contained ascorbic
acid, which is utilized in collagen formation. He
concluced that the cuticle wes involved in synthesis of
some cuticular proteins. Lee (1962) demonstrated non-
sp2cific ester~se in the medien leyer of the cuticle of

Asceris lumbricoides. The cuticle of Metsstrongyvlus sp.

contained RMNA, non-specific esterrse »nd ecid phosphetnase

activity (Frobet, 1960). In Tetrsdonem2 plicens, ,

_proteln wes demcnstreted in the whole cuticle, mucopoly-
gsaccharice in the epicuticle and collagen and bound
1ipid in the besal region (Hudson, 1972).

In Contortvlenchus protein was a general component

for the body wrll and mucovolysaccharide were demonstrated
on the outer layer of the "cuticle" and glycosen, but
very slisht acid phosvhatase activity. The substances

not detected, still may have been detected by more
gengitive methods. The lateral hypodermal cords were

large in both lervae and adult parasitic femsle. The
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tiscue was cellular and

(4]

syntheticelly active, containing

s

7

1;

neutral and acidic fats, carbohydrete, protein. Numerous
rivocomes and mitochrondria probably for enzyme production
or protein synthesis., The oesophegus was described hy
Al-Rabiai (1870) #s a cylindricel tube. Two subventrsl
and one cdorsel oesophrgeal glands have 21so been described
(Ruhm 19563 Al-Rabiai 1970) from light micfoscope studies.

The resuits obteined in this study for the oesoph-
ageal region with electronmicroscope showed that these
glands actively svnthesized mucopolyssccharide granules,
which was similar to the compenion cells in T. plicans
(Huéson, 1072).
An obvious similarity wes appsrent between the

oesovhegeal slands of Contortylenchus and that of other

.nemstodes in general function and cytoplasmic inclusions,

like the dorsal glands of Meloidoryne javesnica (Bird,

1971). Jennings and Colam (1970) found that the dorsal

and one of the sub-ventral glands in Pontonema vuleoaris

were scidonhilic and the other sub-ventral was basovhilic.

Contortylenchus oesonhaseal glends were nearly similar

in gtructure and possibly functirn to tetred cells of

T, plicens (Hudson, 1972) or to the sub-ventral =lands of

Winnostrongylus breosiliensis (Tee, 1970).

Tee (1970) stated that the sub-ventrel glends of
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N, bresiliensis were secretory rsther than excretory
and are mrobebly involved in feeding by producing
histolytic secretions. Enzymes were loceted in the
secretory grarules. The oesophegeal glands of Contortv-
lenchus are probebly involved in feeding mechanisms and
probebly they secreted digestive enzyvmes or other
substances as mucopolysaccheride which may pass throurh
to the outside to form a protective layer around the
nematode.

.

Hudson (1972) listed a number of functions for the

comnenion cells of T. vplicars; . enzymes production,

production of mucopolyvsnaccheride ag storage product for
eges, storage of excretory »mroducte, producttion of
materials involved in host venetration, and secretion of

a protective layer., Contortylenchus females hesve no

mouth, no anus, no excretory system or other apertures
other than the reproductive trect opening. It is nore
likely that these glends could be involved in storage
of the excrétory products. It would be of interest to
study the develorment of these rlends in the pre-infective
femnle »nd to observe the possible changes that occur
after the nemstode had penetrated its host.

Muclei, mitochondria, golgi bodies, carnaliculil

end cuticulerised duct were mresent in the oesophageal
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and gland regions. These glands were probably involved
in synthesis of enzyvmes and structural proteins. Absorp-

tion of nutrients via conaliculi could be the possible

alternstive function of these glands, since Contortvlenchucs

has no functional gut. In Trichinells gspiralis Bruce

(197C38) found that the oesophageal tissue wes cellular
and conteined secretory granules, glycogen and mitochondrisa

which is the cese in Contortvlenchus. An abesorptive

function for tetrad cells in T. plicang has been

sugzested by Hudson (1972).
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SUMMERY

Contortvlenchus dinlomester nematode parasite of

bark-borine beetles Ivs sexdentetus (Boern),

exposed to heemocytic resction in the host hremolymph.

I, sexdentetus vere collected Trom Pinus sylvestris

and resred successfully in the 1lsborstory in well
ventilated lors,

The life-cycle of the nemetode ig synchronised with
the life-cycle of the host.

A1) the Contortwvlenchus found parrsitizine the pupsal

stece of the host were completely encansulated but
the extent of encapsulation decressed in reletion to
parzsite density in the adult host.

The nematode species in this study was thoushtto be

the srme experimental snimal as Al-Rabiai's (1970).

However, the result obtained indicates that this

nematode wes indeed C. divloraster, (Rubm). The

morphometric varisations are considered to be intro-
specific rather than interspecific.

& compliceted relsti~rshin between the immune renction
of the host and the parssites leadine to the condition
in which the host produced o capsule through which
active or pesesive treneport of soluble nutrient tekes

place. These nutrients are essential to the develor-



ment of the psrasites. The capsule formation
reaction have been protective to the host, while

the well adrpted perracite C. dinlogaster utilizes

this cepcsule for their develoovment.
The immune reaction of pupee 2nd edults of I. sex-

dentatus aeainot C. diplogaster is characterised by

the accumnulation snd fusion of hsemocytes to form

2 homogeneous, celluler multinucleate capsule mround

the parasites. Secondly, proliferstion of the trach-
goles end trechese was essociated with encapsuisation.
The encansvleted nemaetodes develeoped &nd reprbduced

successfully in I. sexdentstus hsemolymph.

The vericus classes of heemocytes present in all

stages of the life-cycle of I. sexdentatus h=ve been

studied, clessified, totally =nd differentially counted.

Ten types of heemocybes were identified s follows:

N
Proheremocytes, plesmatocytes, grenular hezemocytes,
vermiform cells, multirsmous vermiform, podocytes,
amoebocytes, srheroidocytes, oenocytoide and eruptive
cells.

Abnormel snd pathological changes in 1. sexdentstus

haemocytes result from defence resctions arainst the

nemetode C. dirnlopaster infecticn.

Observations on the histolorical changes (DHCs) and
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(TH0s) were made, THCs were decrezsed 2s the
parasite burden increased. The effects on the THCs
and DiCg after paresitizetion were studied.

The ultrastructure and the histochemistry of the
capsules have been examined and studied after the
initiation of the reaction until the nematode progeny
hed denzrted from the cevsules. Capsules were formed
within the first day of oupation (containing completely
encapsulated nematode).

The cell well: (haemocytes) accompanied this reaction
breskdown cerucing thickening of the cepsuie well and
incressing density of the cvtonlasmic rre=a.

The nuclei first incrersed in number ~nd reached a

peak =t the time the nematode commenced egs production.
The ~uclei are leree enoeboid in shepe, and dense
electron bodies were found along the nuclerr membrane.
The Feulgen positive bodies in the capsules decreased

as the nemstode developed. After the nematode
cormenced egg laying the numbers of nuclel declined.

The capsule wall contained proteins, mucopolysecchoride,
glycogen and the cytoplasm was rich with mucopolyse-
ccharide and protein.

Females of C. divnlomester Jive in the haemolymph of

T. sexdentstus in hypertonic media

]




9.b.

Q.c.

10.

11,

12.

They recover thelr normal length aefter a period

of shrinksge within 12-20 hrs. in 0.4, 0.5, 0.6,

0.8 end 1,0 I of sodium chloride, but not in hypo-
tonic solutiors or in hynertonic sucrore.

Femeleg which heve reeeined their orisiral length in
hvpertonic solution, increased in leneth or swell
when placed in norrmal isotonic solutions (0.3 M NaCl).
Cepsules surrounding the nematode can osmoreculnte
well in hypertonic sclutions of FaCl end sea woter
#nd *thev were mere stable in cea water.

FMultirle infections raduce the sire end fecundity of

'l

C. divlocester.

The perrsite recduces and destroys the fet bodwy ond

membrsnes of I. sexderntrstus snd reduces the ege

outout and retsards the bhost's development.
The ultrastructure of the body well of developing

sdult femele C. dinlorsster etudied. It hes no

normel cuticle r£nd & membrenous covering 1s present

which seems to be cohtinuous with the hypodermis.
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nrendix 1

e Fot
Dilutine fluid used.the hnemolymrh (Feir, 1064).

fonstituent Concentration
NsCl 0.081 M
KCl 0.002 M
CaCl2 0.001 M
GCention violet 0.005%
Glacial Acetic iLcid 0.125%
arnendix 2

Calcul~tion of number o° hmemocytes in one cubic
millimetre h=emolrph.

Fach souare in the ruled area of the slide is

1.0 x 1.0 mn, the denth is 0.1 mm.

So 1.0 x 1.0 x 0.1 = Q.1 mmB.

numbers of cells obrerved were multiplied by 10

to give number of blood cell in 1 mm3 in the diluted
blood. (1.0 x 1.0 ¥ 10xoefsl mr>). Py multiplyire the
resunlt by the diluting feactor, the number blood cells

)

ver 1 mrm” of re blood obtained.

AapHhendiv 3

-
e A

)

vegeription of the constont pressure resnirometer

~
1

spencer Davies, 106R)



M

“he respirometer is composed of the resniration

chember which is screwed into & baseplate and connected

to 2 similer compensaticrn chamber by tubes and 2 masnometer.

-

cavillery, a ranometer block and lastly a wicrometer
device mounted in the manometer block and connected with
the resoviration chamber.

— hwo small tubes contained a piece of cotton wool

saturated with 207" potas~ium hydroxide ingide & roll of

0]

filter paner aleo wet with the save sclution (KOH). Thee
Jtubes vere fixed with celotape on the side of each chamber
end vsed for shesorntion of 602 which is libereting during
the respiration process. A wet pilece of filter paper was
placed in the bottom of each chamber to ensure rapid
agaturation of the respiratory atmosrhere, then thé respir-

o

ometer was mounted in a constent temperature water bath rt
20,4°C, Since the eir wes saturated with KOH, no 002 ving
present until the ;nsect exhaled; 602 replaced the 02
inhaled by the insect ic sbscrbed. Thus the respiretinn
rate is recorded by the moverent of the manometer fluid.
To celculate the O2 volume uced by the insect duvring known
period of time, the diameter of the micrometer spindle was
neasured (6.7045 mm) from which the radius was celculated
(%.3972 mm). The volume of oxygen used by each incect wes

~
&

calenlated by multiplying the heipght of oxygen by the suriac
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area 07 the spindle.
The eguestion:- v = TT r2.h
v = volume, T = radius h = height of which the manometer

fluid moved,

Appendix 4

) Determination of oxygen consumntion in plOz/ug dews/
h. The dry weight wag obtsined from the differences be-
tween the two pens of the microelectron man belence, one
of these used as a standard and the other conteined the
dried nerztodes.

Sxemnle

40 nematodes were used.

The weight of empty pan = 0.0042 mng.

The weight of the pan and the nematode = 0.190% rg
So:

0.,190% - 0.0042 = 0.1861 mg the dry weight of the
nematode.

The armount of 02 dissolved per 1 ml of entomolosical
saline under 1 atmospheric pressure ot 720°C ig 0.0260 ml.
Four ml. of saline were used so 0.,0260 x 4 = 0.,1040 ml 02
in 4 ml saline. &% of the oxyszen wrg used by the nemstodes

in 15 minutes.

0.1040 x 8 = 0.008%22 ml of 0., was consumed

SR 2
100

in 15 minutes by the newatode.
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The O, consumed in 1 hour = 0.0332
to express per le dry weight/hr.

0.0%%2 x 1000 = 178.392 ml Oy/m.d.wt./hr.

0.1861

to express in nl0,/ne d.wt./hr.
178.298 rl O, utilized in 1 hr/le d.wh.

178.298 x 1000 ul0, - 1 x 1000 x 1000 pg.d.wt./hr,

178298 nl0, 1,000,000 ug. d.wh./hr.
00178' }1109 - l }1?: i.xz‘ft./h.
Therefore 0.178_p109 used by each ug of dry welsht

in one hour.
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Lonendix Table 2 Parasite Mornhometrics and Multiple Infections
Vo. 0f 1 Wo. of | Body Length Body Width a Value ﬁean Percent- |S.E.
paras— | nemat- (rm) (mm) volu- | age red-
ites/ | odes me , |uction in
host measu- | Range Mean | Ranze |lean |Range | Mean (mm ) | volume
ured
L 10 1.62-~ 1.89 | 0.108- | 0,146 |8.75~- 12.526 | 1.129 - -
2.0 0.182 18.88
2 20 1.59- 1.7%3% G,095~ | 0.137|9.9- 13.%8 | 1.029 | 8.45 z
1.94 0.16 17.% 2,23
3 27 | 1.86- | 1.41|0.054-|0.115/12.0- | 13.9 | 0.837 | 25.37 x
1.80 0,168 27.0 4_ﬁ8
4 36 | 1.3%3- | 1.549 0.06%- | 0.0961%.4- | 17.8 | 0.914 | 18.51 2.33
1.7 0.10 o 25.8
5 %5 1.32- 1.37 10,080~ 0,100|9.7~ 14.0% 0.817 27.3 2.%8
L.56 0.12 16.25
6 4.2 1.35 0.085 13.6- 15.9 0.799 28.9 i.,4
18.25 .
7 42 1.20 0.079112.,5- 17.23 0.712 265.05 3,48
27.5
8 40 1.02-~ 1.25 1 0,060~ | 0.075(17.02-] 19.16 0,731 24,25 t
1.2 0.074 20.6 2.22
10 40 0.99- 1.07 | 0.041-| 0.072|18.4~ 21.88 | 0.637 4z, 2 +
1.04 | 0.055 25.0 i
, | %5.C%
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Aprendix Teable 3

Decreanse in Paragite

Tecundity in Multinie Infections

LS.

Numbers of Mumber of Turmber of Mean No. of Percentarme
paresites/ Replicates Progeny per proceny/ reduction-
host parssite paragite
Range
1 10 172 ~ 1805 8321.5 -
2 9 105 - 870.5 46%,3 43,6
3 9 147 - 1002 451,0% 45,0
4 6 160 - 715 278,0 54.0
5 6 511 - 171.2 308.9 62.2
6 6 %06 -~ 143 258.2 £5.5
7 5 110 - 263.4 ~1s8.1 79.5
8 5 124.5 - 232 213%.8 73.6
10 5 99.6 - 204.2 166.% 79.7
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Avrendix Meble 4

Decreace in Faresite Fecundity in Multiple Infection

Eouation b = 5.126 Value of (t) (d.f) P
v = a + bx T o= JOU26 6.916 (6.d.f.) 0.001
X =2 t for (6.d.f.) = 6.916 sirnificant
V1= ”4’62 for P 0.001

Therefore t value is gignificant since
the 0.1 criticzl value of t for
(6@@.?.} jg 55015,1a

Appendix 5

THCs in Multiple infection. Test for Significence

-,

Students 't' test wes used

t X - X

n
(ARG 1AV

1
decrees of freedom S2
1

|
l

3
F.—l

[
N

aGult male  5.929,  Sn° = .9754% = 9541
o)
" female  4.77%9, "L .3508° = L1295




It

1.190

N

9]

"1.0%9

1.144 ) not significrnt

Il

-

so they wvere comhined in one line, =g shown in the table.

Toustion b Velue of F(4.f) Probsbility

when © = 1

¥y = 45.332 5.3%% e5.1 (1,12) sienificent
value for

vhen % = 5

Yo = 65,64 r =.93%67 P = 0,05

Thereforce I velue is significent since the 5! criticel

value for T (1,12) is 4.75.
e Yor pupee, males snd females
male pupse
b = %.408%6, Sb° = (.187028)° = .03498

female pupae
b = 2.43197, Sb° = (.30026)° = .090156

]

S

t = 3.498%6 - 2.43197

v L03408 + _090156 = 1.0663%9

y < 55575
3.,0145

i

P=2>"4+ 1%
Therefore it wes not Jjustified in combinine males and

femrles muvpee 1n one Tline.
RED



Trustion b = 3,498 Velue of #(d.f.)| Probab-
Vo= 8 + bx ility
when ¥ = 1
7 = 160/\:}’»1

71 ° r = .99% 349.8 (1,5) P =0.05
when X '= 6
7. o= B A5]
o 2 = e L
F (1,5) = 340.8 sirnificant velue for P = 0.05

Therefore,

velue for (

¥ velue

1,5) is

is sigmificant since the 5% critical

220.2

Female punae

F (1,5) = 65.60

Touastion b = 2.431 Velue of F(d.f) Frobsb-
¥y = 8 + bx ility
when ¥ = 1
¥y = 19.08
r = .96% 65.60 (1,5) P. = 0.05
when x = 8
Y5 = 56,10 )
sipnificant value for P = 0,05

Therefore, ¥ value is significrpt since the 5% critical

Apnendix 6

The effect of prresite density on the extent of

the enc

~ e~ 1 3
spsulation.



A4l

Value of & (

- £.808 (84.f.

P = 0.001

value of £ is gieni<i-
cant for (8d.f.) since
the ebsolute value for

0.1 % is 5,041

(G




