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LBSTRACT

Seven species of Rhinophorinae (Calliphoridae) were found perasitising
British woodlice : Styloneuria discrepans(Pand), Melanovhora roralis(L),
Plesina maculata fFalt¥; Bhyto nelenocephals(Meig), Rhinophora lepida(Meig),

. - .
Frauenfeldia ru%@cosaUMeig), and Stevenia atramentaria(Meig)).

A study has been made of the morphology of immature stages with

particular emphasis on the first stage larvae which are of two unusual
types.

Contamination of the substrate by the viscous secretion préduced by
the exopodites of the uropods of woodlice was found to be thg main stimulus
inducing ovinosition, )

The first stage larvae lie in wait for their hosts; respond mainly

to mechanical stimuli and vary from one species which will attach to

anything moving to another which onlylreadily attaches to Poregellio scaber L.
which are about to moult. The sizes of host most frequently parasitised
depends mainly upon the type of larva and its length.

BEach speciés of parasite has on unusuel end charateristic mode of
entry. |

Final digestion of the host by the third stage lerva was found to. be
aided by a secreti:n of protease from the larfal anus.

A1l species of parasite were found to be host specific.

Suppression of moulting is caused by at least one parasite species
and suppression of oﬁériole development and of oostegite formation is

characteristic of all specles.



Superparasitism only ogcurs commonly in Plesins in the field.
Physiological suppression of supernumerary porcsites and some cannibalism
does take place,

Dissectioﬁs of over 20,000 woodlice fme 5 variety of habitats
have been made. The two commonest species of parasite, E;gg%gg and |
Styloneuris, were rarely found in the same woodlouse populatiqn and their
presence or absonce was determinéd by the type of microhabitat of thé
host. |

Obligatory diapnuse occurs in the first stoge larvae of one, and

facultotive diapouse occurs in the Second Stnge lorvae of five of these

pcrasite species.
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1l.- INTRODUCTION AND HISTORICAL

la) Introduction

The Terrestrial Isopoda are unique in being the only members .
of the large class Crustacea to have become fully terregtrial, While
they are not represented by great numbers of species, numerous
individuals are found in a variety of terrestrial habitats, ranging
from the upper sea shore, sand dunes, grassland, heath, hedgerow, and
woodland to within human habitations and their surrounding gardens
and rubbish heaps,

Despite the fact that this group cvolved as far back as the
Pleistccene period, none of the vast ariay of parasitic Hymencptera has
made use of these potential hosts, Only a small subfamily of Hiptera,
the Rhinophorinae (Calliphoridae), among the Insegta, have bLeen found
to parasitise thenm,

With the exceptidn of morphclogical accounts of some of |
the larvae and adults,'little was previously known about the Rhinophorinae,
It was the aim of the present work to find out as much as possible of
their general life histories, host relationships and ecology of the
British representatives of this group and also to complete the

morphological studies of immature stages.

1b) Historical
The earliest known record of a dipterous parasite of woodlice
is to be found in a paper by V. Roser (1840) on the Diptera of Wirttemberg,

A "Tachinia atrarentaria" is mentioned here as being parasitic cn a

-



woodlouse, possibly Onigcus ssellus L. Brauwer and Bergenstamm are then

mistakenly quoted by Nielsen as stating that Stevenia umbridata Fall,

was reared from Oniscus asellus by V. Roser. The mistake was copied by

later authors forihshance by Baer (1920-~1) and Iundbeck (1927) but in
fact there is no evidence that this species has ever been reared from
woodlice.

In 1903 G.T.Brues recorded in "Entomolo.gical News” that he

had reered Melauophora roralis(L) from a Porcellio species (probably

P.scaber) in Massachusetts,

The "Entomologist Monthly Magazine! of 1908 containe an

account by Denisthorpe of the rearing of two Phyto rr.elanoce]onala(Meig.\

from Oniscus assllus onllected in the Isle of Wight, However;, <the claim
of Wainright (1628) thal Dcnisthorpe also reared Pillccerina dtpamentarie

Meig, from Cniscurs asellus, wes refuted by Donisthorpe, W.R.Thompson

(1917) published 2 prelimirary note on scme dipherous larvas found in
woodlice from Haslar, Hants, Unforhtunately, the matarial deseribed as

that of Phyto_melanocephala was not of this species. Thompson (1920)

suggested that material of the first stage larvae belonged to Payto and
later shages to Melanophora roralis, but subsequent rearing of the
culture showed thal oniy_Styloneuria discrepans( Pand.) and Frauenfeldia
gubrg':cosa( Nie_;_g) vere present. From the study of the buccopharyngeal
armature and skin frzgmenis ;:btained of the fix;s’o stoge larva, Thompson
considered that there was a similarity to Sarcophags and Bigsijghasha,
but also that the larvas of the woodlouse parssites are sufficiently

different from all other known Museid itypes, to constitube a unique

type.
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In 1920 a brief account of the rare Cyrillia augnstifrens Rond.,

whichTuoxpson had reared from some French Matephonorthus pruinosus, was
publishsd., W.R.Thompson (1934) puBlished a lo.ng account (some 70 pages)
in "Parasitolegy" titled "The Tachinid Parasites of Wocdlice"., DNespite
the fact that he states that "The study of these parasites has »roved
quite exceptionally difficult and laboriocus, Thompson hss provided an
account and figures which make it possible,with some experiecunce 1o,
identify almost any larve found parasitising a British woodlouse,

Detailed morphological descriptions and drawings are given

of ths thrus larvael stages of Plesina maculsta Fall,} In Melarnorhora
AY

r
roralis, Styloneuvia diserepans. Frauenfeldia _x_-p%;g(ggsg;” i

Cyrillis angustifrong, first stage larvae are described only from moulfed

skin fragments and buccepharyngeal armature, buit second and thivd stages
of thece species aie also described, Further, the first stage lavva

of oney, and the firat stage skin and seccnd stage buccopharyngesl |
armature of another undetermined species (Spacies A and B) are also
described,

Thompson was unable to get eggs from any ‘adult parasities
except from a single Plesina, The resulting larvae of these eggs died
and were desétcated before they were seen by him, No first stage
larvs was scen alive outsidev its host, and eatry into the host was not
ohserved.

From dissections of females from the fi=id, Thompscn faound
no egg develcpment within the ovary and correctly concluded that the

eggs are deposited in an undeveloped state.
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A summary of 1737 dissections is included in the work and
mention is made of W.H.Thorpe's experiment using the biological
indicator method with Polytoma cultures to show that cutaneous respirationg
oceurs in the second stage larvae of Plesina maculata. The effect of
parasitisﬁ on the host was found to be in degenerstion of the ovaries
and in'suppression of oostegite formation,

Since Thompson's papers, little work on thz Rhinophorinae
has been published. Descriptions of new speéies of adult'parasites
ars the only additions té be founa in the literature since 1934, Thus

in 1934 Viileneuve described a new speeics -. Stevenia inops from

Palsgtine, and in 2941 S¥yleneuria abrior from Morovcuo, and 3 1953

Plesina fascipenuis and P. clarripennis were described by Mensili.




2: GENFRAL METHODS

2a) Collection of material

A1l the material used for this work was collected from the
field or reared in the laboratorys.

Woodlice were collected from diverss habitats and in great
nunbers so as to obtain as many different parasite species as possible.
A large pooter which could hold several hundred woodlice was used. This
has a glass cntrance tube (internal diameter 1 cm) which accommodates
almos® all individuals encountered and has a terminal short rubber tube
~ which aids fhe extraction of woodlice from cfacks. |

Large populations on the underside of stones or wood were
brushed or knocked into collecting boxes cr trays, Frem living trees
woodlice were obtained by sounding the bark for hollows and then prizing
them off with a screw-driver while a fray was held underneath.

_ (3-8 %T-Cx 63 ow)

Small airtight rectangular collecting tins (1.5 x 3 x 2.5
inshes) were used. As memy as 300 - 400 woodlice can be packed into these,
andygiven fresh grass as padding, will survive for a week or more., Soms
adult parasites of several species were collected from the field fox
breeding, although most were reared from the woodlouse culiuress. Unless
great care was taken during capture, internal damage often resulved and
the flies died soon afterwards., Rhinophora and Styloneuria of both sexes
were found ccmmonly on flower heads of Umbelliferae and Compositae. With
the former species it was usually found sufficient to place a large glass
tube over the top of the specimens but Styleneuria was best collected with
a very light dipterist's hand net.

Melanophora was teken on white walls or rocks in the sun-

light and once again least damage resulted when a glass tube was placed
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over the specimen. Stevenia males were occasionally found on

Umbelliferous flower heads in one locality in Kent and were taken by
net, but females were only seen while exhibiting oviposition behavit;pur,
on logs inhabited by Porcellio rathkei, The female Stevenia were fpo
agile o be téken directly with a tube and whon a net 18 placed 6ve‘i-
‘them then, instead'of flying up as will most qpecles, they rm out of
the si#e. The best me+hod of cmlecting this very rafe fly was to pu‘b

the neb in front of it as it ran and then to blow it in..

2b; QCuituring of Woodlice

Mogt cultures were kept in a constart temperature of 2590,
This is about the optimum temverature for the production of adult
paraeites,

Fo e : | % cm
Isolated speclmens were kept in glass petrl-dlshes (B-5

Y SR Y .,,:,

1nches)1n diamener, 'l':he 100r of the petmmd:_sn belng L'Lned with damp
b.:.o\,ting paper. A 11 tle carrot was 1ncluded as food‘. Perepex petrln
dishes wers fou.nd to be unsulta.ble since eveporation took plane too
(7€¢ Wit X T8 cwn
rapidly. Fla'b transparent perspex boxes (7 x 4«5 % 1.5 inches) with
airtight 111terna11y fittlng 1ids were found to be ideal cages for large
cultures and up ‘o 200 speclmens were kept in each box, The floors of
the boxes were llned‘w:.th several 1'h1cknesses of slightly damp blotiting
paper which produced almoa'b 100% relative humldl‘by wi+hout cavsing
condensation, Pieees of bark were 1nc1hdeﬂ to supply extra surface
area, thus 1educ:.ng‘ canniballsm, Th° bark also helped to absorb excess
moisture and prov16ed the wood" 1ce m‘ch an evtv*a source of food.
‘Garror, was the mein source of 1_096_, This has been recommended by

Heeley {1941) who reared woodlice through several generations on thig

diete
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At 25°C and 100 per cent relstive humidity, carrot

rapidly putrefies and a very high mortality rate results amongst the
w06d1109. To avoid this, only clean carrot freed from all decaying;
parts was used and as llt’c.le of its surface area as poss:.ble was left
in contact with the damp blotting paper,

45 a result, conditions usually remained gatisfaptory for
about orie week, and then woodlice were transferred to cleaned and
sterilised containers with fresh blotting paper and carrot.

Woodlice killed by third stage larval parasites were
removed after daily inspection of cultures and isolated in g x ;5*;1:&)
tubes half filled with sterilized peat, moistened slightly with a2 2 per
ceni solution of Nipagin, If puparia within woodlice ¥ere not maintained

at a high humidity, considerable mortality resulted.

20, Culturing Adult Parasites

Flies were kept in cylindrical cages of cellulose acctate
is 103 comn
and were(3. 5 1nches) in diameter and(6 ~ 8 inches) high, Perspex petri-

“ dishes fil},ed with damp plaster—of-»paris were used as bases.

The cages had removable lids of petri-dlshes w:.th perfora=
tions for aeration and fitted with invertad(%—cl?cl') tubes contalning
sugar solution and Gotton wool wicks, The tubes Were held in place with
short rubber tube collsrs;

Flies vere introduced into and removed from the cages by v
means of (.’? fnc;g) dlametea' s:xde apertureg normally blocked by co*ks, It
wes also possible to imtroduce ;sm;all? pleces of ovlposlt;on material
through these apertures;

In most cases the only food solution necessary was 5%
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sucrose with 0.2% Nipagin as a preservative, but for some experiments

marnite solution was introduced into feeders and small pieces of meat

were hung in the cages.

3d) Methods of artificial infection of hosts.

a) Phyto, Melanophora, Styloneuria and Plesina

Only the larvae of Phyto melanoo@phala will succeasfully and

indiscriminately enter their host (Armidillidium vulgare) irrespective of

its condition. As to the other species of parasites, even when every

individual of the host in culture (Porcellio scaber) is supplied with one
or more first staéé»lar§ae,’the‘résulting parasitism farely exceeds five
per cent,

There are two reasdnq;fgy;this:- A) the host is only vulner-
able to attack at a certain stage of its moulting cycle and B) newl&
moulied hosts are highly cannibalised by non-moulting woodlice. Melanoe
phora easn only enter hosts within two or three daysvafter their ecdysis.
Suitable hosts can readily’bé‘éeiecﬁed by testing all individuals fér
softness by gently pressing them between the first finger and thumb,
Great care is required since woodlice are very vulnerable to injury when
in this state. From one fifth to one third of the individuals of a
culture are usually suitable (at 25°C) and when these are confined to-
gether 1little or no cannibalism will occur as their mouth parts are still
too sof'te |

When each of these suitable hosts is supplied with a single

'1arvaj, 80% paresitism often results. ‘
Suitable hosts for parasitism by Styloneuria can be selected

by examining the anterior sclerites, White calcareous deposits are
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present in largo patches a few days preceeding moulting (the ideal time
for infection with these species of parasites). About une third of a
normal culture is usually suitable and the resulting parasitism varies
between 30% and 50% after introduction of 1 ~ 2 first stage larvae onto
each host, Idcal conditions for infection by Plasina larvae have not yet
been found.

Mglandghcra larvae ars bert introduced on the unaerside of a
hcet, with a sharpened match stick, but while the other specics can
cceasionally be induced to attach to a moistened match, it is simpler to

bring vhe host close to the larva vhich then utbtaches itself,

b) Frayenfeldia, Stevenia and Rhinophora larvae being comparatively
large are quite eazily "handled" using a mclisbened, sharpened match stick.
The point can be iﬁserted beneafh the rearing end of the larve wﬂich can
then be lifted off the substrate, by virtue of surfece tension, and
gently wioned off onto the sternites of the host which is held between
fore finger and thumof the other hand,

In the case of_Stevenia larvae, any individual of P.rathkel

over 8 -« 9 mm in length isgsuitable for infection, For FErauenreldia
hosts of about 7 -~ 10 mm are selected and for Bhinophora those of 4 - é:
mm. (The larvae find difficulty in penetrating larger specimens but
within the size ranges indicéted, any individuals are suitable, independanti
of the state of their>moulting cycle,

Handling the tiny woodlice necesssry for infection by
Rhinophora is difficult, so these are best temporarily stuck by the dorsum

to a finger made sticky with starch paste, and then turned over!
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3. MORPHOLOGY ., P

30) Preparstion of first stage Lorvae

Killing

Peterson (1948) in "larvas of Insects recomaends several
methods of k111.|.ng insect larvae and three of his moin mixitures weie
tried with vorying success on the rather smali, delicate first
gtage larvae of Rhinophorinoe, Botlh *the mixtvres comtaining xyiere
(X.A. and X.A.4.D) produced excessive transparency end some distortion,
but the K.A4.A,D mixture (Keresene 1 part, 95% cthyl alcohol 10 paris,

glagial acetic acid - 2 parts, dioxane = 1 parv), was vsed with
some measuie of suscesg, When the amount of Keroscne was reduced

by haif to avoid _e::.plosio;n. of the larvae, ({i-auenfeldia, Rhinophera
and S";evenia)Were killed and fixed in an undistorted lifelike condition.
With the olhet more delicate species, too greal a proportion of
distorted specimens resulted. It was found better to pour boiling

water onto thé larva while it was exbtended in o watch glass,
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Preserving
Iabvae killed ia K.A.A.D. were leff in it for 2 - 3 hours,

conol N Jﬂﬂ('

washed in 90% ethyl /ard then transferred to /90% alecohol in which
they keep indefinitely.

Larvae killed in boiling water were slcwly taken through
the alcohols to Gisins fixativa (H.Gisin 1947) 90% etiyl alcohol,
750 ml., ether 250 ml., glaclal ace‘blc acid 30 ml,, formalin 3 ml.,

and left for o da ve bcfore transferrlng Lo 90% a.wﬂhol.

n
o
o]
e
3
$-do
i3
34

Specimens of }Yreuenfeldia and 3tavenia are sufficiently

pigmented o meke staining wanesessary.

The cuticlsz of other species did not readily take ap scid
and Basiz Fuschin, Orange G, Borax Caimine end Lisgnin pink, but
chlorazol black proeved very succossful. The best vesulbs were achieved

with this s%ain incorporated into the mountant.

Movniuing

- Jn most mountants, larvae were fé;und !'o be badly distorted,
Out of Dalsam, Euvparsl, Hoyers, Glycerine, Terpini ol and Polyvinyl
Jacto phennl, cniy the latter was at all satisfactory for whele mounts,
Gurrs P.V.G.P. 10 parts plus l pert glycerol was best, Only Stevenia
and Frauvenfeldia larvae could be transferred directly withous immediate
distortion, With other species, 10 per ceat P.V.L.P, in 70% aleohol
was added drop by drop to the specimen in 703 alcohol, with continual

mixing, Tus resulting sclution was then allowed to evaporate down for



several deys and even then some speciinens became distorted.
Fer ezaminationvpf the posterior ends of most specieg, it
was found most satisfactory to cut these off before adding them to

~the diluted mountant. This helped to avoid distorticn.

n

Mosy sa’bié;a;zto;& pi-epar-ationsutirere oblained with cavity
slldes hut as these could not be exam_néd wder oil immersion, normal
slides with supported: coverslips also had %o be used.

Wven using this method, distortion results after a few weeks

and go fresh preparations had to be mads for each examination,

3b) Prevaration of Myubhparis

Ta »nrder %o ensure the corrsct identity of ‘the material
used, pure cuirtures of each species were obbtained by infecting
unparasitised woodlice with firs‘t stage larvee hved from the essily
identified adult parasites.

The buccopharyngeal armaturs of {irst and second stage larvae
was either obbained from their moulted skins or by warming the anterior
end of preserved larvae in sodium hydroxide for a few minutes. The
best preparations of third stage larval mouthparic were obtained from
the larva bhefore pupa"{:idn gince those removed Trom within the puparium
were nsyally diztorted.

A1l mouthpar®s were mounbed in Balsam with unsupportel cover-

slips and considerable care was exerclsed to emsure shat they Wwere

18

perfectly flab and correctly orientaied before drawiug. It was necessary
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to ensurc that the right half exactly covered the left and that all
portions of the armature were in one plane. As it was rarely possible
to ensure that preparations drled in exactiy the correct position, - |
they were drawn whilkst the Balsam was still a little fluid, since this

enabled maniprlation,

3¢) Descrinbion of Eggs

Thompscn (1934) ohtained a single bateh of Plesina eggs.
None of these wag Crawn and the only description given by him was that
the eggs were elongate, fusiform snd thin-shelled, Thompscn alco

dissected oub some oggs “rom frauvenfsldia., These he described as -

Telongate, spindle-shaped in form, with a vather thin, lightly Sc:ulpture}d,
transparent, colovrless cutiniel,

During the present work. the eggs ol thie seven species oi‘
Rhinorhorinae which parasiﬁise woodlice have been ezaminad and drawn.

(see figs. 1 - 7).

General descripticn
Fggs basicaliy of the normal Ga]]iphorid type. Fusiform, thin,

soft shelled, pearly white, either wilh hexagonal reticulations or with
longitudinal »idgess median area bordered by hatching lines with wing-

like extensions in some species,
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i) Styloneuria (see fig. 4)

length: 0.5 mm
maximum breadth: 0.175 mm
maximum depths 0.16 mm

Almost swﬁétrically oval viewed dorsally, boat-shaped viewed

" laterally., Posterior end rounded; anterior narrow, truncate bearing
micropyle, Intermediate area: less than half the length of egg; few
obvious reticulations, very narrow anﬁeriorly but\broadening a l?ttle‘
posteriorly; bordered laterally by a lcw vertical flange of i:;;;;; which
is a little deeper posteriorly., Longitudinal ridges with occasional

branches over all but intermediate region of egg; transverse ridges

not apparent.

1i) Phyto (see fig. 3)

length: 0.5 mm
naximum breadth: 0.17 mm
maximum depth: 0.17 mm

Very similar to eggs of Styloneuria although rather more
boat-shaped than oval when viewed dorsally. Intermediate aree only just
over one-third of total egg length; rather broader than that of Styloneuria
and boat shaped with several obvious reticulations; bordered laterally by
a low flange of uniform depth. Longitudinal ridges with occasional branches

over all but intermediste region of egg, but wetk cross ridges also just

visible.
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11i) Melanophora

length: 0.46 mm
Naximum breadth: 0.17 mm  (including wings)
maximum depth: 0.15 mm

Greatly tapered anteriorly and posteriorly as viewed both
laterally and dorsaily. Posterior end pointed. Deepest o little
more thaon one-third from posterior end.

Intermediate area: occupies full length of egg; with elongate,
hexagonal reticulations throughout; berdered by conspicuous,winged,
laterally directed flanges for full length of egg.

Wings: broadest medially and decrease in breedth anteriorly
and posteriorly; with only minute reticulations, Ventral and lateral

surfoce of egg with broad hexagonsl reticulations.,

iv) Plesina (see fig. 2)

length: 0.46 mm
maximum breadth: 0,14 mm
maximum depth: 0.125 mm

Dorsally appears lanceolate; posterlorly rounded but more
tapered than anterior which is also rounded, Deepest just over one-third
of the way from the anterior end but broadest about halfway along.
Intermediate area: occupies full length of eggy anterior eigth with three
pairs of longitudinal ridges but rest of arec with broad hexagonal retic-
ulations; bordered as in Melanophora by wing-like flonges for whole lehgth
of egg. Flanges directed latero~vertically; with only minute reticulations.

Lateral and ventral surface of egg with hexagonsl reticulations



Fig, 1

Fig. 2

Fig. 3

Fig. 4

Dorsal and’ lateral views of the egg of

Plesina maculata

Dorsal "and lateral views of the egg of

Melanophora roralis

Dorsal and lateral views of the egg of

Phyto melanogcephala

Dorsal and lateral views of the egg of

Styloneuria digerepans






23

'v) Fraucnfeldia (see fié 7y
length: 0.91 mm
maximum breadth: 0.22 mm
maximum depth: 0,20 mm

Boat shaped. Posterior end tapered but rounded: Anterior end
with micropyle truncate. Intermediate area: extends for sixth~sevenths
of totel egg length; narrow; with elongate hexagonal reticulations;
anterior third of area with three rows of small miéropyles numbering
eighteen in allj bordered by low flange of irregular depth. Remainder

of egg surface with hexagonal reticulations.

vi) Rhinophora (see fig. 5)

length: 0.64 mm
maximum breadth: 0.17 mm
maximom depths 0,19 mm

Boat shaped; pointed posteriorly when viewed laterally; dorsal
surface dipping sharply anteriorly one~third of the distance from
posterior end; egg with much softer g::ignthan other species; slightly
opaque and iridiscent. Intermediate area: extending for full length of
egg; parallel sided and about one~third width of egg for anterior two-
thirds narrowed posteriorly; smell elongete hexagonal reticulations
over most of area; anterior two-thirds bordered bg'a very low flange,
but flange almost non-existent for remaining third. Rest of egg

héxagonally reticulated, but transverse ridges of reticulations only

feeble,



Figo 5

Fig. 6

Figo 7

Dorsal and lateral views of the egg of

Rhinophora lepida

Dorsal and lateral vieﬁs of the egg of

Stevenia altramentaria

Dorsal and lateral views of the egg of

r
Frauenfeldia ru%’ cosa
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vii) Stevenia (see fig., 6)
- length: 0.7 mm

maximﬁﬁ.bweadﬂﬁg O.22 mm
maximin depths 0,22 mm
Broadest and deepest halfway along the egg. Posterior end
tapers to a point but the'egg tapers only a 1lititle towards the anterior
and then broadens dorsally. Intermediate areas broadeﬁt anteriorly;
with large irregular reticulations; bordered laterallj”by a fairly .
deep latero-vertically directed flange., Flange witha large irregulaf

reticulations. Remainder of ogg surface with hexagonal reticulations,

3d) Descriotion of first stage lervee

1)_Siyloneuria

Although the first stage skin rarely remains abtached $o

the second stage larva (because of the mode of entry peculiar to this
species), Thompsonn(l93£) did find it on several bcCasions, .

From these remains Thompson was able to make an accurate
drawing and descfiptidn of the buecopharyngeal armature and antennae,
but apart from stating that he could find no scales or spines on the
fragments of cuticle, no further description of the first stage larva
could be made by him. In fact, as can be seen from figs, 9 - 11, the

"cuticle is not bare but covered with spinose papillae similar to those

described by Thompson (1934) in Plesine first stage larvae.
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Description (see figs. 8 - 11)

length: 077 m
maximum breadths . 0,14 mm
Elongate spindle shaped in form, Widest and deepest at
fifth and sixth segment, tapering gradually anteriorly and posteriorly.
S1izhtly more convex ventrally than dorsally. Unpigmenieds pearlygwhite
in appeafanceo
Head
Partially telescopic into first thoracic segment. Dorsally
appears semi-circular, but laterally trilobed, Ventrally mouth surround-
ed by lobed hcod. ﬁb.écéles or nudules can be seen on the head cuticle,
Antennae: ' J
length: 0,02 mm., cylindrical, rounded aﬁiéally; directed
antero~dorsaliy at about 450 to central line; arise from short cylindri-
cal base. |
Segments cOnspicuously cohstriéfed frd@ eéch other; of
gimilar lengthy appear barrel shaped from dorsal and ventral aspects;
increase in depth from anterior to posterior end so that in lateral
aspect thorax appears sub-triangular.

Firgt thoracic germent: antero-dorsal mergin gently rounded but antero-

lateral margin slightly concave and at 45° to the transverse, Segment
dorsally appears almost parallel sided with the anterior third
constricted a litile, One pair of mid dorsal and one pair of mid ventral
short setae., These arise from incoﬁspicuous eylindrical bases.

Anterior half of eegment with feeble rounded scales bub

rest of segment bare, HNo spinose papillae present.
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Second and third thoracic seggent : eimilar; each with two pairs of

dorsal, 3 pairs of lateral and one palr of ventral, short 1ncon5p1cuous
perpendicularly dlrected -setae arls*ng from a short cylindrical base
in the centre of & splnose papalla. On thlrd segment setae ars around
the middle of the segment but on the gsecond, sen%= arise Jus posterior
to the anterior third of segment.

baterior third of second il:oraciz ségnent covered with about
giz rows of feeble scales but rest of gegment: covercod with smell,
spinose sub hemi-spherical protuberances similar tc those described by

Thompson (1934) in Plesina except that there is no larger central soine,

The spines of each preiuberancs are numerots, evenly distributed, short
stiff and verticel. Venirally on both second and third thorecic seg:-
ments, the cubicular armature is more scale-like but ie nevertheless
spinose, Bsbween second and third theracic segmenits cuticle bare for
distence of about one quarter of & segmeut. Third thoracic segment
with_only two rows of scales anteriorly, Rest of segment ciothed with
typical papillae except for posterior eighth which is bare,

Sdopen e

Laterally distinctly constricted from thorax hué domwsally
and ventrally fairly flush, Segmentation of first five abdominal
segnents obseure, bui last three segments are conspicuously constricted
from each other,

Apart from the last segment 21l abdominal gegments appear
to have two pairs of dorsal, one pair dorso~iaberal. one pair ventro-
lateral, and one pair of venitral setae (i.e., one pair less than thoracic
ségments two and three). These sebac are very short (about half length

of those cn *he thorax) and difficult to locate on the first five
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abdominal segments although more conspicuous on the sixth and seventh

segments.

The surface of each abdominal segment is covered with ‘bhe
type of spinose papillae already described, Ventrally these tend ‘bi’o
be flatber then elsewhere but they are of similar structure, While
there 1s a very narrow, intersegmental memﬁrane between the “f‘irst,
secbnd, and third abdominal segments, the boi:.ndary between 'hhi;-d, fourth
and fif‘bh segmerts is aluwost indistinguishable, On either side of the ‘ :
conspicuous mqersegmental membra.ne between the sixth, severth and "
eighth abdominal segments » _Lhe splnose rapillae are contracted
longitudinally and mual.y besr only a s:.ngle fringe of spines (sec
figs. 9 = 11).

Eighth abdominal segment. (see figs. 9-11). As in Plesira, Melanophora

and Phybo, this is very highly modified to seat the rest of the larval
body at right angles to the substrate and bears the posterior spiracles.

Ventrally and doisally, the gegmen® appears sub-triangular,
narrowing posteriorly. While the first half of the segment lies almost
in line with other segments, the posterior half is directed ventrally,

Dorsally and laterally, the anterior helf of the segment
has a similar cuticular armature to other segments. It bears dorsally
a pair of strong acute divergent spines about one quarter of the way
do'm the total segment. Just posterior to these are a pair of similar
dorso~lateral, & pair of lateral and behind these a pair of ventro-
lateral, sirong acute gpines, Ventrally on the anterior third of the
segment therc are flattened, rather scale-like spinose papillae.

The spirecies are cylindrical, rounded terminally,

divergent and arising in the middle and on either side of the median
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longitudinal third of the last eegmént. They are directed latero-
posteriorly at about 45° ta the midline of the larva.

Behind the spiracles, the cuticuler ermeture is unlike
that found elsecwhere on the larva. Transverse rows of broken ridge
bearing fringes of short spines on their crests, cover the surface of
the segment posterior to the spiracles and anterior to the complex of
lobes which is present at the extreme posterior end. Just behind the
spiracles is a pair of smell lateral setae, and a larger pair of acutg
dorsal divergent setae, the same distence apart as the spiracles iies
half way between the spiracles and the end of the segment.

Ventrally, the longitudinal middle third of the segment
is depresged from one third to two thirds of the.way down the segment
to form a U-shaned hollow. The rim of this hollow is ridged
laterally and within it lie three further pairs of longitudinal bar-
like ridges.

The extreme posterior end of the segment is composed of a
number of unarmoﬁred sac like lobes. Dorsally a single main swollen
lobe fans out like a fish tail. This is posteriorly sub-divided into
a small median semi-circular lobe with a pair of larger lobes on each
side. From just beneath the small median lobe there arises a long
mobile tongue-like structure which is usually extended ventrally. A4t
the extreme end of the tongue there appear to be three smail pores.
laterally there is 2 pair of smaller lobes and ventrally a single lobe,
These lobes surround a central space in the middle of the posterior face.
They appear to be sacs of cuticle probably distended with haemolymph
and appeer capable of considerable distortion when the animal is alive,

Together with & copious secretion of muco-polyseccharride or muco-



Figo 8

' Fig,

Fig,

Fig,

10

Dorsal and lateral views of the first stage larva

of Styloneuria digerepans

Lateral view of cighth abdominal segment of the

first stage larva of Styloneuria discrepans

Ventral view of eighth abdominal segment of the

first stege larva of Siyleneuria discrepans

Dorsal view of eighth abdominal segment of the

first stage larva cof Stylcneuria discrepansg
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protein they form an efriol.mt adheaive mechanism enabling the Larva

to stand and rota*be on its pos‘c.erler end.

ii) Melang_'ghora '
Thompson (1934) described the buccophoryngeal amatur’e of

this species in some detail although very little material was available
to him. He included a very brief and incomplete description of the

larval skin ‘but the complete larva was undescribed until now,

bgsgrigtion (see figs, 12 =~ 15)
‘Llengths -~ Oed4 mm
maximun 'bfc-'eadth‘ O 074. mm (w::.'bhout setae)

Elongate spindle ahaped in f‘orm. Wldest and deepest at sucth segnent,
tapering gradually anteriorly and posteriorly. Almost straight
dorsally;' convex ventrally, |
Head

Partially telescopsd inbto first thoraclie segment with
vhich it forms a triangle, Dorsally appeass almest parallel sided
before bulging out slightly to meet first thoracic cegment, Tirected
at 450 antero-dorsally; siightly bilobed antaoro~laterally, Ventra]iy
mouth surrounded by a pear shaped hood which occipies anterior half of
ventral surface. Antero-laterally, within the hood, thare is a palr
of spiny pads.k Cubticle of head unarmoured,
Antennae:  length: 0,01 mm, abouh five times as long as wide.
Divergent: dlr*ect@d antero-laterally, gradually tapering., ITnserted
on short, broad illedefined hase,

Thoracic segments not sharply divided from each other,

bare of selae., First and second segments appear trapezium shaped
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dorsally'; Lhird is doreally Asub-—rectang'ular, ’

Figst‘thoracic segment:  dorsally bare except for second quarter Whiéh
bears irregularly shaped, tight fitting nodules, armed céntrally with
acute, long; pyramidal spikes directed posteriorly at 459, Laterally
bare for anterior third and postericr gquarter of segment; rest covered
with nodules similar w0 those on dorsum but with spikes of noduies at
right angles. Ventréllyg anterior half of firgl thoracic segment very
feebly and sparsely scalzd with round scales bearing single, weak spines
directed posteriérlyf Postérior ventral half of segment bare. Second
and +third thofécic segments: very similar o each other; dorsélly and
laterally completely covered with nodules excer’ for narrow bare mergin
between segmeuiss; ventrally middle two-thirds scaled. Nodules similar to
those of first thoracic.

viresally on seéond and third thoracic segments are a
single pair cf almost cylindrical processes of similar length to spikes
of nodules, but not tapering terminalily.

Laterally somewhat congtiicted from thorax but dersally
and ventrally flush, Pronounced lateral congtrictions between abdominal
segments, bub ventrally and dorsally first five segments of abdomen
flush, Ventrally, segments swell out to form belly; deepest at third
and fourth segments, dorsally almost straighi., Segments six to eight
sharply constricted.

Tirst seven segments each with a pair of very long finely
tapering setas directed ventro«lahérally and almost at right angiles to
the lengitudinal axis of the larvas arise from inconspicuous base about

two thirds way down lateral surfaces
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Setae of the first segment longest (0.056 mm); other

setasc about two thirds this length, decreasing a.little in 1eﬁgth
towsrds the posterior end of the larva,

Median dorsal pair of small conical papillae present on
abdominal scgments one to seven on either side of middle third except
sixth and seventh where svporated by middle fifth.

Cuticular ifrmeturc: ventrally mainly confluent? forming wesk transverse
ridges with tiny scoles. These become more and more nodule-like laterally.
Segments one to four with a single median ventral transverse row and
segments five to six with three median ventral transvefse rows of feeble
nodules. Seventh segmen® with many rows or nodules ventrally. Dorsally}
first abdominél segment with five rows of nodules with small spines, but
rest of segment with bare scales. Segments two to five with no scoles but
ridge like folds similar to ventral surfoce. Sixth segment with

posterior half having scales with small spines dorsally. Seventh

seg ment with irregular, usually Spiﬁeiess scales, as in eighth.

Taterally abdomen covered with irregular nodule like scales
as on thorax, but each with single short papilla instead of sharp spines.

Eighth Abdcminal Segment: (see figs. 13 —~ 15) Club shaped; greatly

modified; long lateral setae present es on other segments, but dorsal
papillae replaced by a pair of dorsal setae. Both are directed laterally,
posteriorly and dorsally. iAnother pair of short dorso-laterel setae
oceurs two thifds waybdown the segment.

Spiracles: situsted just above bhese setae; dorsal, eylindrical end
divergent; arise on either side of middle léhgitudinal third. Between

spiracles a single median posteriorly directed setae arises from



Fig,

Fig,

Fig,

13

15

Dorsal and lateral view of the first

. stage larva of Melanophora roralis.

Lateral view of eighth abdominal segment
of the first stage larva of Melancphora

roralis

Ventral view of eighth abdeminal segment
of the first stage larva of Melanophora

roralis

Dorsal view of eighth abdominal segment
of the first stage larva of Melangphora

roralis,
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pPostorior end of large Y shaped scale. Behind spiracles dorsal surface

devoid of scales while anteriorly scales withoutuspines are present.:
Laterally and ventrally segment also scaled for anterio%
two thirds but these scales bear short papillae, |
Pair of ridges lying on outer edge of dorsal surface
extend from just behind spiracles almost to end of segment, Ventrally,
a palr of strong ridges arise near middle line of ventral surface ana
diverge to occupy the whole of ventral surface and half of lateral
surface posteriorly. Inside and just posterior to these arise a pair
of almoét parallel ridges which lie on either side of longitudinal
middle third. Posteriorly inner ridges pointed and free., and lie
outside pair of very short pointed parallel ridges. Posterior face
of segment surrounded by two confluent ridges which turn inwards
ventrally and bear a T shaped extension on posterior face, A tongue-
like process ariges dorsally and is directed ventrally,
iii) Plesina
" Described by Thompson (1934) from dried up specimens.
k Thompson's general description of the first stage larval morphology
and of the buccopharyngeal armature of ihis stage is accurate although
probably because of the distorted condition of his specimens, he was
unable to give a full description of the eighth abdominal segment.
Degerintion (see figs. 16 - 19) | ‘
lengthe 0.6 tm (not fully extended, )
maximum breadth: 0,095 mm.
Body tapers anteriorly and posteriorly from fifth and sixth segments;
considerably less spiﬁdle shaped than shown by Thompson's figure where

the larva was obviously greatly flattened by coverslip.
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Segmentation distincty rudimentary head, three thoraciec,

eight zbdominal segments, Cubtieular armature: like that of

Styvicusuria except that each convex probubsrance bears a central welle
devaloped ;pine as well as a covering of shorter spines; not pigmented
as described by Thompson but tranéluscenﬁ.

Yhoracic segments without setae.

first seven abdominal segments each with one pair of long,
lateral setae direcled latero-ventrally,

Eighth Abdominal Segments (see figs., 17.~ 19) greatly modified;

divisible into a sub-spherical anterior half having a cuticular armature
similar {o that of other abdominal segments, and a eylindrical posberior
half with cubicular armaturs differing from that of other segments.,

inberior half of segment with one pair of lateral latero~
posteriorly directed setaz, and one pair of dorsal, dorso-laterally
directed setae,

Posterior half of segment with dorsal spiracles,
anteriorly spiracles arise on either side of middle longitudinal third;
eylindrical; divergent and with terminal dorso-laieral acute procesec.
Bohind %he spiracles there is a pair of dorsal, dbrso«latero—pcsteriorly
directed sciae. Dorsally end laterally there are a number of short,
deep transverse ridges in the cuticle. Ventrally the cuticle is bare
of srmature, although mid.ventrally there is a pair of stout, longitud-
inel ridges which arise near the anterior margin of the posterior half
of the seguents These ridges posteriorly give rise to a pair of
longitudinal, terminally acute spines which lie parallel to the under-
lying cuticle, but just clear of it, and extend up to the terminal lobes

of the segment. A similar pair of spines without the accompanying ridges
]



Fig.

Fig,

Fig.

Fig.

16

17

18

19

Lateral view of the first stage larva of

Plegina maculata

Lateral view of eighth abdominal segment of

the first sbtage larva of Plesina maculata

Ventral view of eighth abdominal segment of

the first stage larva of Plesina maculata

Dorsal view of eighth abdominal segment of

the first stage larve of Plesina maculata
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Fig. 19
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lie ventro-laterally. Just posterior to the distal ends of these

species there is a deep transverse ridge which extends from the
ventral surface to terminate dorso-laterally.

Behind this ridge is a complex of Jlobes., As in szloneg;ia;
Melanophora and Phyto there is 8 sub~-cylindrical tongue-like lobe which
arises dorsally and is directed ventrally.

Above the tongue-like lobe there is o sub-semi-circular
shaped flap which is tri-lobed. A pair of ventro-lateral lobes extend
insideAthis and meet above the tongue, while 1ns1de these latter lobes

there is a ventral bi-lobed structure.

iv) Phyto

Unly the buccopharyngeal armature and antennae Were

previously described from moulted remains (Thompson 1934).

Descriptions (see figs. 20 - 23)
General , ’
lengths 0,83 mm

maximum breadth' O 13 mn

Larva resembles that of Me ano hora, St 1oneuria and Plesina.

Body spindle shaped; tapers anteriorly and posterlorly from flfth and
sixth segmonts, Guticlg gxmed,wlth unplgmented, rounded, posteriorly
directed, simple scales or dorsally.and Yentrally on some segments
with transverse ridges. Last segment st;ucturélly cqmplex and_adapted
for maigtaining the lerva in an erech posture.v
Head |

Simple, unarmoured; cuboidaly directed ventrally; tele-
scopes int6 first thoracic segment., Dorsally appears truncate; broadest

halfway down length, Ventrally mouth surrounded by hood on the inside



Of whi el there cre a few indistinet minute spines. Laterally hood ”
appears terminally trilobed,
Antermae: of same length as head (0.024 mm)., narrow; cylindrical
rounded apically dcrsally but laterally appearing to taper; slightly
divergent; cdirected anteriorly; each inserted on a short broad base,
Ihorax

Dorsally and laterally broadens from anterior to posterior,
Segmentation distinct; no setae present.
First segment: laterally appears almost parallel sided although
broadening siightly from an'u_erior to posterior. Segment medially with
conspicuous lateral bulges, Dorsally cuticle of anterior half and
posterior quarter of segment bare; third quarter with threec transverse
rows of scales fused to form feeble ridges. Ventrally anterior half cf
segment with five rows ¢f feeble ridges, Laterally rounded scales
present for about the middle half of the segment.
Second and third sesmeniss similar to each other although the third
segnant 1s a little Lrosder and deeper than the second, FEach almost
twice the Length of the first segment, Dorsally and ventrally with about
twelve rows of feeble transverse ridges and only small bare intersegment—
al regions. ILaterally with rounded scales.
Abdomen

First five segments of similar lengthy fairly flush with
each other dcrsally and ventrally, but lateral constrictions between
gegments obvious. Sixth segment considerably broader medj.’v.ally than
anteriorly or posteriorly but gradually deepening from posterior to
anterior. Seventh segment almost parallel sided in lateral view although

broadening towards the middle of the segment; longer than other abdominal
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seogmente. Cubicnlar armeturc of the first fivoe segments similar to

that of the second and third thoracic segments with weask transverse
ridges, each partially broken three or four times, present dorsally and
ventrally and with normal scales laterally, Scales encroach dorsally
and ventrally on the sixth segment while the soventh segment ig full;
scaled bobh dorsally and ventrally as well as laterally, The first five
abdoninal segments have no setae, but the sixth and seventh segments each
have a pair of short latero-ventral setae mounted on conical bases, about
half-way down the segment.

Last abdominal segment: (cee figs. 20 -~ 22) The eighth abdominal

segment broadens gradually for its anterior half and then sharply
narrows down to the spiracles which are two thirds of the way towards
the posterior end of the segment. Remainder of the segment appears
dorsally and ventrally almost parallel sided and is about half the
maximum width of the segment. ILaterally the segment presents a more
complex shape; it is deepest about one third of the way down and
gradually narrows towards the posterior end of the segmente

About halfway down the segment there is a pair of strong,
finely tapering, acutely pointed lateral setae, each arising from
a short cylindrical base, and directed laterally at right angles to the
segmeut. Just anterior to this pair of lateral setaé is another similar
pair which are dorsal and lie either side of the mid dorsal half; these
are slightly divergent and directed dorsally, There is a further pair
of strong, divergent, dorsally and posteriorly directed setae which
arise latero-dorsally just behind the spiracles, The spiracles are
eylindrical, rounded, divergent, directed latero-dorso-posteriorly, and

arise on either side of the dorsal surface about two thirds of the way
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down the S&gmonte Lacli spiratle tosro anbberminally a pair of short,
tapering, anteriorly directed setae., The spiracular openings are not
terminal but on the inner fece of the spiracular process, ‘.

Between the spivacles thers is a single large Y-shaped
scale with a smaller posteriorly rounded scale on either side posterior-
Ly

Immediately posterior to these gcales there are four
pairs of longitudinal slightly iunwardly curved, posterioxly acute,
gtrong ridges occupying the whole breadth of the dorsai surface for
half the remaining length of the segment, Two rows of small rounded
scales behind this ridge precede a single, large, dorsal terminal lobe.

| Four pairs of strong longitudinal ridges are also preéent

ventrally, bubt these are almost three times the 1engtﬁ of the dorszil
ones and occupy & coecialised region of the ventral surface. Just over
one third of the way down the segment, the ventral surface curves
shorply inwards forming a margin from which three of the pairs of
longitudinal ridges arise, A% this point about the middle three
quarters of the gegment is occupied by the unscaled cuticle bearing
the ridges which curve slightly inwards for half their length before
aurving cutwards again., Because of this, the middle of the inner pair
almost meet medially., The second pair of ridges from the centre, arise
a short distance behind the others, but all four pairs terminate the
same distence from the posterior end of the segment., Ventrally, at
the extreme pcsterior end of the segment there can be seen a complex
of lobes,

Beneath the dorsal lobe but above the other two pairs of

lobes there is a median tongue-like lobe.



Fig. 20

Fig. 21

Fig, 22

lateral view of seventh and eighth abdominal
gegments of the first stage larva of Phyto
melanocephala

Dorsal view of eighth abdominal segment of the

first stage larva of Phyto melanocephala

Ventral view of eighth abdominal segment of
the first stage larva of Phyto melanocephsla
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Fig. 23 - Dorsal and lateral views of first stage

larva of Phyto melanocephals

Fig. 24 - Ventral abdominal “pseudopod" of the first

stage larva of Frauenfeldia ruﬁicosa

Fig. 25 - Lateral abdominal "pgeudopod” of the first

stage larva of Frauenfeldia ruﬁicosa
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Fig. 25
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The cuticle of the anterior fifth of the eighth
abdominal segment is bare, but dorsally frém ﬁhis region up to the
spiracles, posteriorly directed broad short y¥ounded scales éfe preééntf
Laterally feeble, 111-défined sdéles extend down alrost to the posteridﬂ
ends of the venff&l P{dgeég bub'midQVentr&i no scales ocdur behind #he

anterior ends of these ridgedé

v) Frauenfeldia

The buccopharyngeal armature of this species was described
by Thompson (1934) from moulted remains attached to second stage larvae;

but the complete larva was previously undescribed.

Descriptiont (see figs. 24 - 28)
lengths 1,13 mm '
breadth: 0.2 mm

Body tapers anteriorly and posteriorly from sixth ahd
seventh segments. Flatteneg dorso~ventrally. Segmentation didtinct:
fudimentary hedd, three thoracie, eight abdominal segments. Conspicuous
brown pigmentation, Numevous acute, triangular, posteriorly dirécbed,
pigmented scales., Iarge, globular, pigmented "pseudopods" around the
e@uators of all but the last segment, each pseudopod arising from
behind a large pigmented plate. (see fig.25).

Head. Simple structure: swall; dorsally sub-triangular; bare of
cuticular armature; telescoped into first thoracic segment, Pair of
small palps present on aﬁterior head border.

Antennaes lohg (0,04 mm) slender, gradually tepering from base to
fip. Inserted dorso-latéro posteriorly in short broad collar. Directed

dorso-antefidrly}lSIighbly divergent.



Thorax

Dorwaliy Droadens from anterior to posterior end forming
a Hriengie together with the head; depth of first segment 1ittle legs
than that of second and third, which are similar in depth,
Firgt thoracic gsegment: small; broadest two~thirds way down segment
where it is about twice breadth of anterior margin, Narrows posteriorly
to mect second segment. Anterior margin of segment with a pair of derso-
leteral lobss. Halfway down the segment there occur a dorsal and a
lateral pair of large brown pigmented plates which occcupy avout one
querter of the segmeni length., These merge into the general scaling
anteriorly but are sharply delimited posieriorly where they are concave.

Within concavity of each plate there articulates a large
"pseudopod” (length 0,019 mm, breadth 0,01 mm) bearing antero-terminally
a tapering setae of about one half length of "pseudopod! itself,
"Pseudopod" rounded apically, narrcwing proximally; bearing only a very
few feeble inconspicuous scales, Medially, dorsally and ventrally,
seguient bears small sparse, rounded backwardly projecting plgmented
seales. Beneath "pseudopods" cuticle is bare,

Second thoracic segment: broadest half way down., One pair of dorsal,

one pair of dorso-laterzl, and one pair of lateral "pseudopods",
arising about two thirds way down segment. "Pseudopods" similar to those
of first segment: each associated with large, pigmented cuticular plate
which is concave latero-posteriorly on the imner side.

Cuticle only sealed anterior to the "psendopods™, Scales
larger than those of first segment and more densely packed; triangular
and acute in dorsal region directed posteriorly and towerds midline;

rounded laterally ventrally trisngular but smaller and more sparsely.
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distributed than dorsally.
Third thoracic segment. Similar te second but. "pserdopods" with only
very short setae and less feebly scaled. Dorsal and lateral cuticular
scales larger; more densely packed than those of second segment;
distingtly triangulars scale apices directed posteriorly and towards
midline, Ventral cuticular armature similar to that of second

thoracic scgment,

Abdomen

First five abdominal segments very similar in shape and

structure aithough increasing in length towards thé posterior end. Two
pairs of dorsal, one pair of dorso-lateral and one pair of ventro-
lateral "pseudopods™ present (see fig. 25). Thege differ from'thoracic
"pseudopods" in having no terminal satae and in being more héavily
scaled to spined especially in the more posterior segments. £s8 in
thorazic segments, a large cuticular plate is present in front of each
"pseudopod!.

A1l abdominal segments except last have one palr of mid
ventral pseudopods which have no associated cuticular plates, and
becone ' progregsively reduced in size towards the posterior end of the
abdomen. (see fig. 24)

On the first five abdominal segments, the dorsal and lateral
scales are larger, more densely overlapping and of more complex shape
than those of the thorax., Basally each scale is rounded while apically
it is acute triangular‘with the gides of the triangular portion being
slightly concave. This type of seale is present in front of the dorsel

and lateral pseudopods and between the meso~dorsal pseudopcds, Between
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other pseudopods the scales are small, sparse and rounded. Posterior
to the pseudopods the cuticle is relatively unarmoured. Ventrally the
scales are small, triangular and not so densely packed as thoée of the
dorsal surface.

The sixth and seventh segments are globose; longer than other abdonindi
segments but not so wide. Pseudopods ere more crowded; more spinone
and tend to be spatulate in shape, but are similar in number to thnseb
of other abdominal segments. Cuticular scales become much more rounded
ond more disorganised towards the posterior end than those of other
segments. Behind pseuddopods of those segments.there are numerous
minute rounded scales.
Eighﬁh cbdominal segment: (see fig., 28) Almost spherical in shape,
Secales round and orgenised in rows dorsally; éxtend only to just below
halfway down segment. At the border bétween sealed and unscaled
integument there is a pair of small, st¢ssile, cylindriecal, unpigménted
dorso-létéral probesses direnfed posterionly. - |
The spiracles are dorsal, dome~shaped, divergent nnd ariée

about tWO thlrds of the way down the scgment. Distally around the
splracle openlng there is a whorl of flne setae. ] |

| As in the flrst stage laIVa of inophora and Stevenla,
there is a pair of large thin, transparent, 1nflated ve51clcs whlch
oceur lateronventrally and occupy almost the total width of the segnent
ventrally. Latero-ventrally, Just below the splracles and on the |
posterior margln of the segment there is a palr of small conlcal tWO
s;gmented proceSSes. Mesally on the posterlor border there is a similar
fmt larger nair iying between the two inflated -viesicles.

- - -



Fig, 26

Fj-go 27

Fig, 28

ca

Dorsal view of the first stage larva of

'I
Fravenfeldie rgjgi. cosa

Dorsal riew of head and first two thoracie

segments of the first stage larva of

r
Frauenfeldia ruB[Lcog_ a

Dorsal view of seventh and eighth abdominal

segmenta of the first stage larva of
r

Frauenfeldia rubThcoga;
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vi) _Stevenia
The only iarval materinl, possibly of this species, which
has been previously available cohsisted of a few fragments of skin and
buccopharyngeal armature of a single first stage larve énd an anterior
spiracle of the third stage. W.R.Thompson (1934) described these
fragments, which he received from Switzerland, as "speciesBE"., His
drawings of a "cuticular orgen" and the buccopharyngeal armature ére

suffieiently like those of the first stage larvae of Stevenia atromen-

taria, which T have reared, to be reasonably certain they are from a
closély related,if not from the same, species.
Deseription (see figs. 29 - 35 and 47)
lengths 1.0 mm

moximum breadth 0,24 mm (including "pseudopods™)
Body tapers anteriofly and posteriorly from fifth and sixth segments.
Segmentation distinct: rudimentary head, three'thoracic, eight abdominal
segments, Diffuse pale brown pigmentation, numerous acubte posteriorly
iirected pigmented scales; large, globular, spinose, pigmented
"pseudopods” around equabors of all but the last segment (see figs.
29 - 34). : |
Head, Simple structure; cuboidal; dorsally rounded at apex, laterally
apex appears truncate but bilobeds directed antero-ventrally; unarmoured;
telescopes into first thoracic segment.

intennne. long, (0.07 mm), and whiplike; inserted into short wide

collar situated posteriorly and latero-dorsally. Strongly divergent

(45°C to midline); finely tapering.
Mouth., Occupies posterior half ventrally; one fifth width of head;

rounded anteriorly; pair of small protuberances laterally,
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Buccopharyngeal armature (see fig. 47) Length: 0,18 mm

Very similar to that deseribed from single specimen by W.R.Thnmpson

(1934) as "species B', and somewhat similar to that of Frauerfeldia.
Composed of complicated anterior sclerite, (differing

in some respects from Thompson's description of "species B")and a

fused posterior region consisting of nn elongate intermediate and basal

sclerite.

finterior sclerite: Composed of left and right halves dorsally

completely fused; basal portion of each half not flat but distinetly
internally concave; each half initially diverging ventrally before
converging somewhat to a ventral greatly thickened border. Fron
anterior end of border arises a conspicuous ventro-posteriorly project-
ing sub-cylindrical sclerite, Two thirds of the way towards posterior
of bage of anterior sclerite is a median perforation coinciding trith the
origin of the antenna, Anteriorly fused dorsal surface of sclerites
proatced into single strong acutely pointed tooth which.is antero-
ventrally directed; length almost equal to that of basal portion.
(This tooth may be formed from both left and right sclerites but no
line of fusion can be distinguished in any specimens, ) Each sclerite
produced antero-ventrally into smaller acute tooth which diverges
ventvrally from the dorsal tooth,

Posteriorly, anterior sclerite is sub semi-circular
with one dorsal and one ventral, small, posteriorly directed tooth

both dorsally and ventrelly.
Intermediate sclerite: composed of two unfused sclerites twice

the length of anterior sclerite; nine times as long as deep; ventrally

slightly concave; rounded anteriorly; fused to basal scleritce
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asal rites Dor=al wings similar in Yemgth to intermediate sclerite;

produced and rounded entssiorly; finely ocute posteriorly, Ventral
wings spatulate posteriorly; ventral edge of spatula rounded, dorsal
edge acute, almost meetingvdoraal‘wing which converges towards it.
Thorax

Dorsally broadens from anterior to posterior end forming
a triangle together with the head; depth of first segment little less
thon that of second and third, which are similar., In second and third
gsegnents, the areans around articulation of the"pseudopods®are produced
into conical protuberances; laterally each protuberance ocecupies the
total segment length; dorsally it is of half the segment length or less.
A1l gegments armoured with scattered triangular scales; more numerous
and pronounced around base of 'pseudopods¥ sparse ventrally; inter—
segmental areas dorsally bere of scales but ventral surface uniformly
scaled.
First Segment narrows anteriorly to width of head; broadest at
anterior of posterior third where therc is one pair of "pseudopods" on
lateral margin of dorsal surface; one pair of lateral "psecudopodsy
both pairs like those of other segments but smaller, relatively sessile
and not mounted on prominent cones.

Ventrally there is o pair of minute papillae on either
side of middie third segment,
Second and third segments: Alike; shape basically rectangular with
conical prciuberances to receive two pairs of lateral and one pair of
dorsal moveeble pseudopods. "Pseudopods" globose; anteriorly with
large strong acute spines; posteriorly and laterally with about six

rows of smaller spines; terminally bare., BScales of third segment



Fig, 29 - Dorsal view of the first stage larva

of Stevenia atramentaria

Fig, 30 - Lateral view of the first stage larva of

Stevenia atramentaria
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more rumorvus dorenlly thor on SOQOnd aud,distinvtly more trisngnlar
and acute as opposed to rounded.’ Intersenmental reglon betwsen third
and fourth segment 111 defined, with scales both dorsally end ventrally;
There are no ventral "pseudopods",

{ibdomen o

Segmgnts one to four; shape and size almost indentical
and similer to second and third thoracie.

Segments five to. eight: progressively‘parrowing posteriorly
both laterally égd dorso~ventrally with‘intersegmentai areg prégressively
more elongate. Segments one to seveon: with three pairs of laternl,
one pair of dorsal and one pair of ventral "pseudopods" with first
laterall "pseudopods" of segments five to seven becoming dorso-lateral.

Ventral "pseudopods": (see fig. 35) mid ventraly fleshy
with isolated scales: not mounted upon conical protubeirances; relatively
unpigmented. "Pseudopods®™ of.segments one to four at about fhe middle
of th: segment; those of five to seven becoming progressively more
posteriorly situated in relation to each segment and progressively more
crowded.,

Last abdominel sesment, . (see figs. 31 - 33) Greatly modified:

dorsally broadly ovate, produced posteriorly into rectagonal extension

of length similor to and one third length of rest of segment. Caudal
extensinn antero-ventrally swollen, Conspicuous mid-ventral furca
arises half way down the segment from a broad base which extends laterally
and posteriorly and occupies full width of segment, Base almost semi-
circular in ventral view but of uniform thickness; unscaled. Furca:

directed antero-ventrally; extending to ventral "pseudopods" of‘segment



Fig.

Fig.

Fig,

Fige

31

32

33

34

35

Dorsal view of seventh and eighth abdominal

segments of the first stage larva of Stevenia

atramentaria

lateral view of seventh and eighth abdominal
segments of the first stage larva of Stevenia

atramentaria

Ventral view of seventh and eighth abdominal
segments of the first stage larva of_Stevenia
atramentaria

Lateral "pseudopod" of the first stage larva

of Stevenia atramentaria

Ventral "pseudopod" of the first stage larva

of Stevenia atramentaria
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Seven; tapers dorso-ventrally, from ventral view appears =2imost
parallel sided and bifid for one third of its length; lateral and
inner edges serrated; supported internally at base by strong
sclerotised spicule about half the length of furce.

Tentral unscaled cuticle posterior to furca base swells
into large bilobed Yesicle extending posteriorly to half the length
of caudel extension, Vesicle occupies full width of segment,

A large cylindrical densely spinose process directed
laterow=posteriorly is on either side of vesicle; it is mors than half
the length of caudal extension and of similer thickness, Similer but
only half as largé processes are situated at posterior corners of
caudal extension; directed ventrally, Two pairs of processes present
laterally hoalf way down the segment; these are half the size of
"pseudopods" of other segments. Dorsal "pseudopods" evenly and strongly
spinose; directal latero-posteriorly. Ventral pairy perpendicular to
base; weekly spinose; each terminating in a short setae. Between the
dorso-lateral processes are a pair of small dorsal lobes with short
setae, Spiracles; open dorsally into a pair of large mammilate,
unscaled lobes which almost meet medially and extend laterclly across
breadth of dorsal surface; around spiracle openings there is a whorl
of tapering sectae. |

vii) _Rhinovhora

The complete larve of this species was availabie to
Thompson (1934) although he did not know which species it wes, bub was
only obtained by dissection some time after entry into the host when

larvae are swollen and distended with food, Thdmpson desribed fully
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the buccopharyngeal armeture, but only briefly described and did not

draw the vemplebs Iprvaa whiclh ware not wall precerved.

Degcription: (see figs. 36 - 4O )
lengths 0.95 mm
maximum breadths 0.13 mm

Body only vary slightly tapering anteriorly and })oe'boi“igz'i.;* in both
depth and breadth from the first and second abdominal segments.
Segmentatior. Aistinct; small "pseudopods" present around equabors of
all segments but the last, Cuticular armature of small triangular to
rounded backwardly directed, lightly brown pigmented scales.
Head

Cylindrical; about as wide as long; terminally roundedj-
cuticle unarmoured, Two pairs of small palps present, one pair
antero-dorsally and the other wventrally.
Antennac long (0,043 mm), tapering; slightly divergent; directed
anteriorly; curved ventrally I |
Lhorax | "

1st thoracic segment:  longer but narrower and less deep than any

other segment. About twice as long as wide. Widens and deepends from
anteriorlfo posterior. One pair of dofsal (see fig. 38) and one

pair of lateral “pseuddpods" dirested at right angles ﬁo.the segment

each with a iong acute terminal seta, occur abouf two thirds of the |

way" down the segment. Little pfotﬁberéme of the body wall occurs bencath
thé “pseudopod"._ _ | |
Secénd énd third fhoracic geggentsﬁ Simiiar to each other; ﬁider than
16ng§ widest about three fifths of the way down segment where"pseudo-

pods" occur. There are one pair of dorsal and two pairs of lateral
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"psendopods" siuilar to thoso of the first thoracic segment.

Abdomen

Firri seven seyrments similar: segments barrel~shaped;
widest about three fifths of the way along the segment; each with
one pair of dorsal, one pair of dorso-lateral, two pairs of lateral,
and one palr of ventral "pseudopods'.,

Dorsal and lateral "pseudopods" of first and second
abdominal segments with short terminal setae; other "pseudopods"
with no setae. "Pseudopods" apparently formed of a cornical mass
of fused scales and are relatively sessile., (see figs. 39 = 40) .
Postericr ventral "pseﬁdopods" larger than more anterior cnes,

| Dersel "pseudopods" inserted on relatively flat well- |

sealed cuticle but dorso-lateral and lateral "pseudopods" are mouﬁted
on proiihences which ocoupy almost the total segment length., Areas
between these prominences are relatively little scaled whereas the
prominenées are densely scaled, Dofséllﬁ‘the full width of(the segments
iﬁ”front of the "pséudopods" is covered with overlapping‘triangular scales,
but»behind the‘ﬁpseudopods" only o few small réunded scales occuruon
cherwise Bare ¢uticle. - ‘7
Eighih_gﬁig@iggl Se¢ement (sée‘fig. 37jmmRéughly spherical in shape.
Dorsallv scales extend only to vjust béhind halfway of the segméntq
Here thore arise a pair of féunded, éonical‘spiraclesﬁ DorSOmlaférally
Just in front ofvthe spiracles and on the‘bordéf;between‘scaled and
unscaled cuticle there is a pair of éhorb cylindrical processes éach
with a short terminal seta. These proggssés are directed 1atéro;

PR

posteriorly.
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Ventro-latcrally-ac in Frauenfeldls end §3ggggi§-la¥vao, there is:a
pair of swollen vesicles which extend over the full width of the seg-
ment, Between these on the posterior surface, lying close tbéethcr
are a pair of three joinbed, quite large, cylinaridal, terminall
rounded, slightly divergent processes. On either side of these is
a capltate seta of about half the length of the processes. Thefe are

no ventral processes and most of the ventral surface is bare of scales.



Fig. 36

Fig, 37

Fig. 38

Fig. 39

Fig., 40

-

Dorsal and lateral views of the first stage

larva of Rhinophora lepida

Dorsal view of seventh and eighth abdominal

segments of the first stage larva of

Rhinophora lepida

Leteral “"pseudopod" of second thoracic segment

of the first stage larva of Rhinophora lepida

Ventral abdominal "pseudopod" of the first

stage larva of Rhinophora lepida

Lateral "pseudspod” of sixth abdominal segment

of the first stage larva of Rhinophsra lepida



Fig. 40
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Key to Bu000nhaly*g a2l Arrature of First St@ge Larvae.

l. Each mgndlbular sclerite with only two main teeth- sclerite
heav11y plgmennea . o . B . 2
Each mandibular sclerite w1th three or more teeth- sclerite

feebly plgmented. ' 4e

2. MAccessory sclerite present between mendibular and intermediate

sclerites. (see fig. 45)
' _Rhinophora lepida

No accessory sclerite present between mandibular and intermediate

sclerites. - - 3.

3. Dorz=l tooth of mandibular sclerite about twice as long as, and

twice as broad at the base as ventral tooth. {see fig. 46)

- Frauenfeldia ruﬁ&cosa
Dorgal tooth of mandibular sclerite less than one and half times
as long as, and little wider at ﬁhe base than the ventral tooth.
(see flg.-47) e
- Stevenla atruncq__JL_

ke -Dorsal wing of besal sclerite almost absent (see fig. 43)

1 sgctlpans

Dorsal-and ventral wings of basal sclerite of similar. length. 5,

5. 8ix teeth present on each mandibular sclerite (see fig. 41)

. Purto nelanoeenhnls .
Less than six teeth present. on each mandibular sclerite. 6.
6. Mandibular solerite with ventrel b x-like process; amterior
:;ang}eiof dorgal wing with many unpigmented spots. (see fig. 44J¢
_ _ o - P1951na maculata
Mandibular sclerite without ventral hair-like _procesgs. anterlor

angle of dorsael wing with not more than two or_thpee unpigmented



Buccopharyngeal Armature of First Stage Larvae.

Fig. 41
Fige 42
Fig. 43
Fig. 44
Fige 45

Fig. 46

Fige 47

Latéral view

Lateral view

lateral view

Lateral view

Ieteral view

Lateral view

Lateral view

of armature

of armature

of armabture

of armature

of armature

of armature

of armature

of Melanophorsa,

of Styloneuria.

of Plesina,.

of Rhinophora.

of Frauenfeldia.

of Stevenia,
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spots. (seec Tig. 42) ;" '

3e. Description of second stage larva of Stevenia

(previously undescribed)

The general appearance resembles that of +he second
stage 1arv§e of other species described by Thompson (1934). Spindle
shaped. Outicle- thin transpareht clearly revealing interﬁal‘
orgons and colourless body fluids; reddish brown mid intestine
‘and yellowish white Malphigian tubules., On all segments but last,
cuticle bare except for occasional small circular ofgans. last
segmen% posterior dorsally club shaped; scattered short feebly
chitized spines directed anteriorly (probably ciding the anchoring °

of the larva to the host tissues),

Head with antennary and‘maxillary sensoria present
dorso-laterally. Respiratory sy-item metapneustic. Posterior
stipmatha cyﬂindrieél venhro-vosterior: converge and almost touch:
in”oldérhépédimené aﬁ’iéaét;'éadh‘with three dvaifStigmatic

papilla orange brown in colotr. =
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Buecopharyngeal armature: (see figs. 48~50)

length: 0,236 mm
Similar to that of E:auenfeldia. Some variation between different
specimens, Anterior or mandibular scleritesseparated from each other,
Unlike any other species in that left mandibular sclerite is distinctly
different from right.

Base of both mandibular sclerites sub quadrilateral.
Right sclerite: produced dorsal-anteriorly into acute pointed,
ventrally and laterally curving tooth which is somewhat longer than
tase.

Left sclerite: with very short acute tooth dorso-anteriorly, Ventral
snterior corner of base of both sclerites right angled, Dorsal
pocterior corner sometimes rounded,sometimes pointed and produced
posteriorly. An additional conspicuous irregular sclerite present at
ventral-anterior corner of each sclerite,

Dorsal and ventral inverted U-shaped sclerites present
between mandibular sclerites but neither is fused to the main
scleritese

Intermediate sclerite of similar length to right anterior
sclerite but in others.almost indistiﬁgﬁnishably fused,

Usually dorso-posterierly produced along anterio-dorsal
edge of vasal sclerite, Intermediate sclerites of each side joined
by weakly sclerotised bridge for about the middle half of the
sclerites.

Basal sclerite usually produced ventro-anteriorly,
Dorsal wing conspicuously deeper and longer than anterior. Dorsal

edges of both wings irregularly sclerotiseds
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Tﬁé Buccdphaiynéééi é&ﬁatﬁré of the sécohd gtege larvae
of most species are readilyf identlflable from Thompson's descriptlons

and figures but some dlscrepan01es do ei:ét betWeen hig figures and

my preperations, An attempt has also been made during the present workl
to consider the variatiovs between individuals of the same spéciese
1) Siylomeuria (see fig. 53)
length: 0,12 mm
The bucropharyngeal armeture of this species is exactly
ary described by Thompson and easily identifisble. There is very little
variation,
3%} Pliesins (see figs. 56 - 57)
length: 0,159 mm
In this species the buccopharyngeal armature varies and
positive igdentification is sometimes difficult., The mandibular sclerites
vary from specimen to specimen but not to the extent of those of the
third stage. Occasionally, the ventral tooth iz distally produced a
little posteriorly like that of Melanophera which makes confusion with
this latter species possible. _The shape of the notch behind the inter;
mediate sclarites 18 very variable and often the ventral surface of the
veniral wing of the basal sclerite is flush with the dorsal floor of
this notoh. When viewed ventrally the mendibular sclerites and inter-

mediate region present a characteristic shape making the armature easily

distinguishable from that of Melanophora and Phyte. (see fig. 57)
The dorsal wing of the basal sclerites usually arises rather more

posteriorly than is shown in Thompson's figure, and the ventral wing
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rarely terminates as indicated in his figure. The angle between the

ventral and dorsal wings shows some variation in different specimeﬁs.
iii)_Melanophora (see figs. 54 — 59) |
length; 0,146 mm

Whilst the buccopharyngeel armature of this species varies
considerably from specimen to specimen, Thompson's figure is much more
ditferen: from the basic type than any specimeis I have examined,
Fuarther; altnough in his text Thompson states that it is difficult to
tell vhis armature from that of Plesing, his figures of the twoe
species bear no resemblanca.

The armature as a whole is much mcre like that of

Plecing, "Styitneuria ond Bhyto than is apparent {rom Thompson's

figure.

A charscteristic of the mendibular sclerite of this species
is the posterior extension of the ventral tooth which is shown in
Thompson's figure. The narrow anterior end of the intermediate sclerite
is also characteristic of this species although the ventral edge of
this sclerite is rarely so conspicuously concave as shown in
Thompson's figure,

The dorsal wing of the basal. sclerite usually arises
much more posteriorly than shown in Thompson's figure, and the angle
between the dorsél and ventral wings of this sclerite is usually
considerably narrower. Further, while Thompson shows no hypopharyngeal
eclerite in his figure, there is one in all the specimens I have
examined, The whole armature is usually less well scleritised than

that of Plesina, Styloneuris or Phyto,
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iv) Phyto (see figs 58 - 59)

length: 0.16 mm
Eagily identifiable from Thompson's figure and description,
HoweVer5 the angle between the dorsal and ventral wings of the basal
sclerite is shown by Thompson to be acute whereas this is broadly |
rounded in most specimens. Ventral teeth of the mandibuler sclerite

are widelv divergent when compared with Plesins and Melanophora. (see

fige 59, ) Relative length of intermedinte sclerite greater than

O

either Plesina or Melanophora.

) Frauenfoldia (see fig. 51)

length: 0,21 mm.

Iderdifiable from Thompson's figure but specimens are
much less irreguior than his figure suggests. The ventral tooth of
the mandibular sclerite is usually represented by a right engled
corner and there is a separate small angled sclerite just posterior to
this. Neilher of these features are apparent from Thompscn's figure.
The basal and intermediate sclerites are similer to those drawn by

Thompson.,

vi) Rhinophora (see fig. 52)
length: 0,165 mm
Thompson's figures the buccopharyngeal armature of the
second stage larvae of this species (of which he had only a single
specimen) as "Species A", From this end his déscription and figures
of the first stage larvae of "Species ""it is apparent {hat his "Species
AY is in fact Rhinophora lepida. However, his figure of the second

stage armature is not fully accurate particularly with respect to the



Fig.
Fig,

Fig,

Buecopharyngeal Armature of Second Stage Larvae
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50

51

‘52

53

54
55

56

57

58
59

iateralhview of armature of Stevenia.

Lateral view of left mandibulai éﬁlerite
of Stevenia.

Ventral view of mandibular and other sclerites
of Stevenia,

Lateral view of armature of Frauenféldia.

Lateral view of armature of Rhinophora.

Lateral view of arqature of Styloneuria,

Lateral view of armature of Melanophora.

Yentral view of mandibular and other sclerites
of Melanorhora,

Lateral view of armature of ﬁh&digﬁg

Ventral view of mandibular aﬁd other sc¢lerites
of Plesina, |

Lateral view of armature of Phyto.

Ventral view of mandibular and other sclerites

of Phyto.
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Fig. 54

O5 mm
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mandibular sclerite. This is actually composed of a number of

differentially sclerotised portions rather like the mandlbular sclerite
of the third stage larva of this" specles.

The intermediate sclérite is similar to that figured by
Thompson although whllst his figure shows a posterlor ventral
portion separated from the main body of the sclerite this is in facp_
fused to the main sclerite by a feebly sclexotised portion. The
angle between the dorsal and ventral wings of the basal sclerite is
in fact acute and‘not rounded as shown by Thompson, although the
comperatively short, dorsal and ventral wings shown by him are
characteristic of this armature.

The intermediate and basal sclerites are usually

fused although the line of fusion is always apparent.

Key to Seqond Stage Larvae

1, Intermediate and basal sclerites indistinguishably fused, L.
Intermediate and basal sclerites either completely separate

or incompletely fused, 2.

2. Dorsal and ventral wings of basal sclerite no longer than
remainder of this sclerite (see fig. 52)
Rhinophora lepidas

Dorsal and ventral wings of basal sclerite considerably longer

than the remainder of this sclerite. - 3.

3. Left mandibular sclerite without a long dorsal tooth while

right sclerite has a ventrally curved tooth which is longer
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than the remainder of the sclerite. (see fig. 48 - 50)

. Stevenia atramentaria

Both mandibular sclerites similer (see fig. 51)
Fravenf eld:.a mb(lcosa

Intermediate sclerite at least one third of the length of 'bhe
basal sclerite, ‘ IR -
Intermediate sclerite less than one third of the length of

the basal sclerite. | | -
Dorsal wing of basal scleri’c.e_distally. greatly rounded, c.lmoqr,
rJemi-—circuier; ventral wing distally obliquely "bru:ncate;

malpici-ian tubules almost white.

(see fig. 53) &byloneuris discrepans

Dorsal wing of basal sclerite distally rather pointed; ventral
wing distally tapering; malpighian tubules usually sulphur yellow.

, (See figs. 58 - 59) - Phyto Melanocephela

Anterior end of intermediate sclerite narrower than déﬂml end
of uentral tOOth almost mvarlably produced posterlorly, mal-
pighian tubules always white; last segment without spines or
soses. | B Nf ; ”. o
o (see figs. 54 - 55) Melanophora rorelis .
An'bern.or end of. intermediate. sclerlte ‘broader, 'bhan d:.stal end
p_fv "ﬂ}ni‘a‘al,topjbhpf mandibular sclerite; ventral tooth radaely.,}_
produced poster:.orly- ma.lpigh:.an tubules usually sulphur yellow,
1ast eegment mth forwardly directed splnes and scales. |

{Bae .L.L%S., 56 9._, .l:’l?"‘l";" MECUTaE



3g) Description of Third Stage larvae of Stevenia and TRhinophora.

i) Stevenia

Previously undescribed. General structure similar to that
of other Rhinophorinae third stage larvae described by Thompson (1934}
Cuticles thin transparent, almost hare of spines or scales except
for a few waskspines on the seventh and eighth abdominal segments,
Tracheal sygtems mefapneustic; anterior spiracles prominent, each
bearing about twelve spherical respiratory papillae; posterior
spiracles situsted a{:. extreme end of narrow cylindrical last segment
and opening or two conical protuberances each of which has three
narrow, oval spiracular slits.

Buccopharyngeal armature: (see fig. 64)

length: 0,53 mm.
Somewhat similar to that of Frauenfeldia,

Mandibular sclerites: roughly square in form, each with a single
tooth, as long as the rest of the sclerite, arising antero-dorsally .
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Tooth directed forwards but curved dovmwards; with an acute tip, .

sélériteq joined by a very narrow bulge ddrsally‘at base of tooth.
Intermediate sclerite, viewed laterally is roughly T-shaped. Three
distinet accessory sclerites lie in tﬁe‘éentral region between the
mandibular and intermediate sclerites. The dorsal liningsvof the basal
sclerite are distinctly broader and longer than the ventral lining, ‘ihe'
dorso~anterior angle of the dorsal wing is distinetly produced as inlﬁhé :
third stage buccopharyngeal armature of Frauenfeldia, but is_fegbly |
chitins.zed. ST
arivm |
length: fe5 =6 mm
breadths 1.5 -~ 2 mm.
Light gelden brown in colour., Developing imago easily visible through
puparium,
ii) Rhinophora
(Previously undescribed)
General structure gimilar to that of other Rhinophorinae
third ztege levvae descyeibed by Thompson (1934),
Cuticle: thin, ‘trenspareat; bare of spines ard scales except for a

fer weak spines on the seventh and eighth abdominal segments.

Tracheal systems metapneusticy enterior spiracles promineny, each bearing

twelve respiratory papillae; posterior spiracles situated at extreme end
of narrow eylindrical last segment and opening on two -conical

protuberances each of which has three narrow, oval spiracular slits.

Buceopharyngeal armature: (fig. 66)
length: 0.44 mm

Very considerable variation between different specimens,Mandibular sclerites:



sclerctised.. Each sclerite w1th a single antero-dorsal fully
sclerotised but: vai'iably“ shap’ed tooth arising from r'emainder of
sclerite which is also variably and 1rregu1arly shaped. Posteribr.-
portion of mardibular sclerite fquy sclerotised but irfegular and very
variable, Between this posterior sclerotised area and the anterios
tooth, the mandibular sclerite is weakly and peculiarly sclerotised,
heving a "fluffy" appearence. This NEInFEyY area is produced into a
variable, ilrregularly sheped venbral tooth in most specimens.
Inserodiate sclerites: varlable, buu less so thaa mandlbular and
bagal sclerites. Roughly T—shéped when viewed laterally.
Bagal seclerites: variable. Dorsal and ventral W1ngs usually of
smllar lengta but dorsal wing occasmnally longer- both wings taper
poseeriorly; dorsal wing produced a litile arteriorly. Dorsal edge of
dorsal wing very irregular in outline,
Puparivm’
Light olive brown in colour. Developing imago easily visible through

puparium,

3h) Puccopharyngeal Armaturc of Third Stage Tarvee(previcusly

described by Thoupson (1934). )

Thompson (1934) deseribed and figured the third stage

larvac of Piesina, Phyto, Melenophora, Styloneuria, Fravenfeldia and
Cyrillia, Whilgt the third stage larvae of most of these species are
Pairly eeaily identifiable from Thompson's descriptions, there are

certain discrepancies in some of his figures of buecopharyngeal
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armatures.

There is & considerable variation in the buccopharyngesl
armature of individials 6f thé samé species and so at least ten
specimens of each species weréstudied. Some of the types of
variation found are figured and discussed below.

i) Plesina: (see figs. 62 & 68)
There is a much greate;r difference between figure 18 (Thompson 1934)
of the buccopharyngeal armature of the third stage of this species and
any cf my specimens of this, than between Thompson's figure: and my
specimens of any other species., In fact, it is almost impossible to
identify his figure with any of my specimens vhich were obtained from a
variety of habitatse.

length: C.39 mm

Mandibular scleri_«;gg_: variable. Left and right sclerites of same
specimen usually similar but occasionally very different from each
other (see fig, 68). Long acute dorsal tooth directed anteriorly and
slightly ventrally, its length often exceeding that of the rest of
this sclerite. Ventral tooth directeéd veéntrally and its length may or
may not exceed that of dorsal tooth; sometimes tapered distelly but
often bioudens d’istélly‘ forming a posteriorly directed appendix.
‘Remainder of- ‘s.‘cl-erite usually. more narrow then long; posterior usually
‘concave both dorselly. and ventrally; posberiorly considerably narroweds
‘ Mandibular sclerites almost invariably. connectdd by. a weskly sclerotised
narrow bridge dorsally,
Internediate scleribe: T-shaped. Vertical arm.consirfioted medially

and only slightly produced. po_steriprly;zﬁa’thep than.greatly produced.



T4,
and a tapering as described by Thompson (1934)

Basal sclerite: dorsal wing directed backward and upward for one
quarter of its length and not for one half of its length as described
by Thompson; arises one third of the way along ventral sclerite.
Remainder of dorsal wing directed and gradually tapering posteriorly}
not perforated as shown in Thompson's figure; ventral wing posteriorly

directed but not tapered.

ii)_Melanovhora (see fig. 61)
length: 0.39 mm.
A11 specimens easily identifiable from Thompson (1934).
The third stage buccopharyngeal armature is character—
ised by complete fusion of the imtermediate and basal sclerites.
Mandibular scleritet variable,

Bagsal gnd intermodiate sclerite: quite variabls

Most specimens differ a little from Thompson's figure in that the
ant ero~dorsal angle of the intermediate gclerite is produced much more

than is shown by him,

1ii)_Phyto  (see fig. 63)
length: 0.468 mm
Specimens easily identified from fig. 33 (Thompson 1934)

Mandibular sclerite:  shows little variation; specimens differ from

Thompson's figure in having a shorter,broader ventral tooth and the

dorsal tooth curves round more towards this,



Buccopharymgeal Armature of Third Stage Larvae,

‘ﬁge
Fig,

Fig-

60

61

63

lateral view of ormature of Styloneuria.

Lateral view of armeture of Melanophora.

Lateral view of armature of Plesina.

Laterel view of armature of Phyto.






Buccopharyn, geal Armature of Third Stage larvae.

Fig. 64 = lateral view of armature of Stevenia,

Fig, 65 =~ Lateral view of armature of Frauenfeldia.

Fig, 66 ~ ILateral view of armature of Rhinophora,
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iv) Styloneuria (see figs. 60 & 67)

length: 0.373 mm.
Specimens easily identified from fig. 29 (Thompson 1934)
There is congiderable variation between mandibular
sclerites of different specimens and often between the left and right

sclerite of the same specimen, (see fig.. 57, )

v) Frauenfeldia (see fig, 65)
‘length: O.M mm
Specimens easily identifiable from fig., 65 (Thompson 1934)
Mandibular sclerites vary somewhat but differ from Thompson's
figure in Having only one ventral ‘booth‘at the antero-veatral sorner of

+the sclerite.

.Kex to Third Suage Larvae u51ng 'the §g, Q@;mgeal Armature,.

1. In'bermedlate and besal scler:.-tes i‘used (see fn.g. 61)

Melanonhora rorah.q

S

Inte medJ,ate and basaJ sclemtes ar‘mculated. _ | 2.

e Mandibular sclerite with only dorsal tooth and basal portion

heovily scierotised, the middle cf ths sclerite being of a

"fluffy" appearance. (see fig. 66) Rhinophora lepida
Mandibular sclerite evenly and heavily sclerotised. 3e

3« Mandibular s'cleri.te.with ventral tooth almost as long as,

. or longer then dorsal tooth and directed ventrallyy rest of
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sclerite not rectangular. deo
Mandibuler sclerite with ventral tooth almost absént and much
smaller than dorsal toothy directed antero-ventrally; remainder
of sclerite rectangular and usually perforated medially, 6.

ke Both dorsal end ventral wings of basal sclerite grandually
and smoothly tapering posteriorlys Angle between aves of dorsal
and ventral teeth of mandibular sclerite less than 600
(see fig. 63) Phyto melanocephala

Only dorsal wing of basal sclerite gradually tapering posteriorly.
Angle beiween axes of dorsal and ventral teeth of mandibular sclerite

usually more than 80°, Se

5. Dorsal and ventral wings of basal sclerite usually convergent

pocterierly. Base of ventral tooth of mandibular sclerite not,

or little, broader then base of dorsal to§£h.

(see fig. 62) Plesina maculata

Dorsal and ventral wings of basal sclerite usually slightly divergent
Base of ventral tooth of mandibular sclerite considerably broader
than base of dorsal tooths (see fig. 60)  Styloneuria discrepans
6. Dorsal tooth of mandibular sclerite longer than the remainder

of mendibular sclerite. (see fig. 64) Stevenia atramentaria

Dorsal tooth of mandibular sclerite about half the length of rest

_ t
of sclerite. (see fig. 65) Fragenfeldia ru?ﬁ_. coga



Fig. 67 <~ Various mendibular sclerites from third
stage larvae of Styloneuria. Each pair of
sclerites from the same larva and all three

larvae were from the same population of

hosts.

Fig. 68 -~  Various mandibuler sclerites from third
gtage larvae of Plesina. Each pair of
sclerites was from the same larva and all three

larvae were from the same population of hosts,

-These figures are intended to show that the detailed structure of a
particular sclerite, ab least in third stage larvae, ig unreliable

as a guide to speciation.
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_4s MATING AND OVIPOSITION BEHAVIOUR.
1) _Styloneuria
Mating (Numh@ of observations exceeded 100)
Under laboratory conditions it was at first found very

difficult to obtain mated Tomales of Styloneuria even when seversl males

and females were ieft togsther For days in various siZes of cages and
provided with a variety cf feeding materiais, light intensities and
temperatures. |

- Tt vas found best, finally, to confine a single female a
few hours afber miergence Wwith five to ten males at least 36 hours old.

(GZema duam: X 20 ). ,

1n emell cylindrical cages (4 ine diameter x 8 im.). When the cages are
brought close to an érti:f‘icial sinlight tube, both sexes exhibit =
rapid jerking of tiie body uwp and down by flexing of the legs. After a
few minutes of thiy, one of the males usually makes a rapid dart at the
female and the twe fall t¢ the cage floor in copula,

Copulation usually lests from ‘wenty minutes to one hour
although a pair oncasionally separabte within a minute or‘so‘. ‘Only in
these cases have {emales heen observed to ‘copulate again before ovi-
positions

It khas not for some reason been possible to induce |
copulation by lecwing flies in bright natural sunlight, even at high
‘semperature, ‘ " |

In the field both male and female Styloneuria have been
observed feediny on flowers, but copulation has only been observed in

the laboratorye
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Oviposition (Number of observations exceeded 100) | |

Styloneuria females require two to three days at 25°C
after emergence before they are ready to oviposit, and they need only
sucrose solution during this period. |

Given the correct stimuli, both mated and virgin females
will now lay oggs, although in the latier the ovaries are never fully
emptied. When it has been possible to induce copalation in females of
this age, oviposition of'ten took place within an hour under the
requisite conditions which are deseribed below. Dissections of nevly
1laid cgge hed shovm that no appreciable development takes place within
the parent.

Uniike Melapnophorsa, female Stylonewria never lay eggs
unless substrate previously contaminated by woodlice is present.
Styloneuria was the first 'speé:ies studied in which this was found o be
essential ané much experimentation was required to find this out.

When mated female Styloneuria were kept in cages with no
contamination; lthezr died after two or three days with greatly distended
abdomens and extended ovipositors and although they hed previously
explored ali 'ér'acks and ereviges with theilr ovipositors, no eggs were
laid. Unmated females under similar conditions also failed to oviposzit,
bub often survived f)r two or more weeks at 2000,

Toen whea P.scalier were introduced into the ceges, ho eggs
were laid, ai‘l';ffbugh the flies were éubjécﬁed to a variety of temperatures,
humidities and degrees of illumination and the females were fed on
sucrose, marmite Solu't.ion and fresh meats flowerheads were also left

in the cages,
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Eventually it was found that when some woodlice were
introduded into a cage together with pieces of bark on which they
had been living for some Weeks, eggs were dep031ted all over bhis,
Subsequently, such bark even without woodlice was fbund to provide the
ggsential gtimalus to oviposition. To confirm this, numerous pieces
of damp uncontaminated bark were scattered on the sand floor of & large

(315% 318 %63 cw)
cage (1 x 1 x 2 ft) together with a single piece of & similar sized
con‘baminated’bark and a mated female Styloneuris which was showing
beginnings of ovipogition behaviour was released into the cage.

The femele did not fly directly to the contaminated bark
but ran rapidly round the cage crawling under any pleces of bark it came
across and explorgd the cracks with her ovipositor. Some minutes were
spent examining each of the pieces of bark in this way before fﬁe :
female ran to another and repeated the performance. Eventually, on
reaching the contaminated bark the femﬁle behaved in the same mamer,
but here a number of eggs were laid before she left for another piece.
Each time on arriving random}y at the contaminated bark, eggs Were v
laid here although none were deposited elsewhere,

The experiment was repeated twelve times with different
females and the same result was obtained. Females ready to oviposit
rarely flew, although while running, they frequently spramginto the air
a few inches, often landing in the opposite direction. Unlike males and
non~ovipositing females which are attracted to a light source, ovi-
positing females are distinetly pholenegatizr:zs -

It was assumed that some substance was left by the woodlice
which induced oviposition. Initially, pieces of bark were smeared with

faeces of woodlice, but this did not induce egg layinge.
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Dr. H. Gorvett (personal coumnication) has observed that

when Poreellio soator "botiches any object with the tip of the antennal

flagellum it often J.eaves a minute drOplet of secretlon. Thi's is thé
only record-of undisturbed woodllca leaving a secretlon a.nd :mit:.ally I
considered 'bhat this subotance could have been the s:Lgn stimulus wh:.ch "
released om.pos:.tlon behamour. However, when woodlice from wh:.ch the
antennae had been amputated were left on ﬁesh bark for a number of
deys, this bark still stimulated oviposition,
- The woodlsuse produces two other main secretions but
only under conditione of extreme sti'ess or injury (éofvett 1956).
Secretioné from the lateral plate glands wipedor‘z. to bark did not
induce oviposition, but when the viscous secretion from thé ﬁropods was
’ smeared on to bark female Styloneuria readily oviposited, A copious
secretion ié produced fror the uropods when a woodlouse is squeezed or
injured. This cen be drawn out into silk-like threads (see plate 1),
- If these are wrapped around one half o‘i_‘:: a fresh piece of bark but not
~ ‘the other, ‘Styloneuria lay almost all their eggs on this half. This
" experiment, which was repeated ten times, ' indicated that uropod
*i " secretion provides a stimylus for oviposition. hcrg‘gir, Gorvett (1956)
“'states that he has been unable to find sny evidence that woodlice ieave
""“sécfé'll;ions from thia uropods under.;noxmal_@nditions and do so only when
' """théy-;_are; atbacked by g predator or are injured in some other wey.
S : i Thsre aré perhaps several ways in which woodlice may
1e"au‘re ﬁropod secretion under field conditions ’ any or all of which may

- ‘contr:l.bu'f'e te contamination of the substrate. These are:-—

S Females with brood pouches readlly aecrete at the slightest

dls‘burbauce. :
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2, Cannibalism, at least in cultures, 1s rife and presumably woodlice
are just as likely to secrete when being esteén alive by other woodlice
as when they are injured in any other way. (Thiis wheh a culture of
initially 475_Porcellio scaber were kepb for ten days &t 2590 in a

(5«5« 2P ems
(2 x12 x 9) cage, with a floor covering of (one inclg deep, damp .

sa:waus‘b, with many pileces of bark and the woodlice were provided
with surplus food ard 100 per cent, humidity, only 370 were left,
although no cause of mortality other than cannibalism was obvious.
Large cultures in smaller containers are depleted sven more rapidly
and woodlice were observed attacking others vhich appeared to he
healthy but often freshly moulted),
3. While woodlice walk, they trail their uropods and may leave
invisible traces of secretion as they do so.
4e When the picopods of a P.gscaber become excessively wet, a
characteristic behaviour is exhibited, The pleon is actively wiped
repeatedly against the substrate and the uropods trail along behind,
During this process it is possible that although the
uropod secretion itself is not readily soluble, some soluble active
component is washed from the uropods and deposited on the substrate.
The last possibility seems quite likely in view of the
fact that while bark on which Oniscus has lived for some time does not
promote ovip~eition, bark with Oniscus uropod secretion does so. Oniscus
does not wipe its pleon when its gills have excess of water, The
wiping mechanism aids Poreellio in clearing the pseudotracheae which

are not found in Onjiscus.
A% 20° C eggs are laid in batches of 12 to 20 with
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intervals of 10 to 40 seconds between each egg of & batch. Between

guccessive ovipositions females exhibit the running and jumping
movements already described, for one to five minutes.

Neither oviposition nor egg be:l_:ches have been seen in the
field, |

ii) Melanophora
Mating (Number of observations exceeded 150)

While female Melanophora will copilate within an hour or
go of emerging from pupation, the males usually require at least
trelve hours (ab 25°C) before they will a’cterﬂﬁ’c copulat.i&n' It is of
interest to note in this connection that both in culture and in the field
males do emerge one or two days earlier then females,

When a female Melanophora is readyfor copulation, a
characteristic rapid fluttering of wings tekes place as she walks about.
This is conspicuous even at a distance, as the wing which is mainly
blecky has a white tip where there is greatest a:hpli‘bﬁcie during the
flutbering movements, and the female chooses a light background on
which o flutter. When the female ceases walking the fluttering of'ten
gtops for a few seconds, Bright illumination gtimulates dontinuous
and repid flutbtering movements as the female walks in circles, and
under these circumstances, co-pulat.ion most readily occurs.

Male flies are also stimulated by illumination to exhibit
the same fluttering movements and these are accentuated by the
presence of the female, but in the absence of bright illumination the

male only cccasionally flubters for a few seconds.
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When a female 1s confined with a male, the male is
immediately attracted to her fluttering but "loses interest" as soon
as the female ceases thesc movements.

The male may follow the female for & minute or two before
actually copulating and ‘during this pa;iod flutters his wings |
continuously. The male edges himself on top of thé;‘.female _rather than
jumping on as in gome other species.

Copulation lasts from five to twenty minutes during which
time both .male and female oceasionally flutter their wings. Other males,
when presemt, very often try to copulate with the female at the same
time and this frequently results in the original male being superseded
by another.

Whilst the male ceases wing-fluttering after copulation,
the female continues to do so and beging flexing movements with ‘the
ovipositor.

Unlike other species of this group, virgin Melanophora
females will readily copulate at any age.

Although the wing flutterings during the oviposition period
.appear to be of an identical pattern to those preceding copulation;.
males are only occasionally attracted to them. It séems, therefore. _
that some other stimulus s probably a cbemostimulant s may also be .
required to induce attempts at _c_;opulationn However, femeles may
occasionally copulate for a second time during the period preceding
oviposition, . |
The beheviour of adult Melenophore in the field has been
observed on several occasions, Both males‘ and females are generally

abtracted to light-coloured vertical surfaces to the sunlight.
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Males are much more commonly found than females and of‘ten several were
found on a single post or rock. When a female lands near a male, the
latter follows her and mounts within a few seconds (unlike the
behaviour in the laboratory). Females wers ';iiore often observed
alighting on surfaces with no males nearby, but aﬁéét invariably Withe
in a minute or two a male was attracted to her and copulati&x énsued.,

That the attraction of the male was to the female rather
than just to the favourable situation is indicated by the fact that
when the same situetions were observed affer the original pair had departed

other males did not usually arrive even after an hour or more,

Oviposition (Number of observations exceeded 100)

Unfed newly emerged females will lay eggs within a few
minutes of copulation if provided with pieces of bark on which Porcellio
geaber have been living for some days.

As described for Styloneuria it was found experimentally
that uropod secretion is almost certainly the active ingredient of this
required contamination, and in fact previously uncontaminated bark on
whigh uropod secretion had been wiped repeatedly, proved in cholce
chamber experiments to be more attractive for oviposition than bark on
which woodlice had been living. While Styloneurias oviposits strictly
only on the contaminated bark, Melanophora will lay some eggs on bark
nearby wiich is uncor);taminated.

When provided with contaminated bark, the female fly,
continually fluttering the wings, explores this with her extended
bvipositor seeking cracks and recesses in which she deposits eggs.

The eggs are laid intermittently batches of four to eight, the eggs
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of each betch being laid at intervals of 5 = 15 seconds at 25°C . The
female shifts her position slightly between laying each egg of a batch.
There is a pause of 30 - 90 seconds while the fly runs, without
fluttering, or it will fly short distances before snother batch is 1aid.
This behaviour produces a distribution of well-scattered eggs over the
available subttrnje.

The eggs, although usually laid in crevices, lie with their
longitudinal exes parallel to the substrate surface, with the flatter
winged surface upperrﬁos‘o. When all crevices are filled, the fly will
lay in recesses or on flat surfaces.

After 2 - 3 hours, the female graduelly slackens its pace
of laying until cggs are laid at the rate of ‘only one every fev minutes.

Usually all eggs are laid within six hours. The total
number of eggs laid by each female varies from 150 - 450 and seems to be
roughly proportional to the size cf the fly which is in turn propertional
to *he size of host in which pupation has cccurred; thisz is indicated by
the following table:i-

Tabl: showing the relationship between host gize and the number of eges
laid by the emergine parasite
No. of eggs laid by No. of eggs laid by No. eggs laid by

. Temale from host female from host female from host
length 7 mms length 9 mms length 11 mms
1 277 324 328
2 195 344 393
3 230 387 415
4 281 : 289 360
5 315 340 356

Totals 1298 1684 | 1852
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Female hosts were used throughout as there is a difference in width

between msles and females of the same length,

The female fly is markedly photonegative or at least it
avoids bright illumination while ovipositing so that almost all eggs are
laid on the shaded side of a piece of contaminated bark even when sll |
crevices on this side are filled with eggs.

Out of the many dozens of female Melanophora obsérved, only

one batch of sggs Was recorded from each female although mating did
sometimes occur after a female had laid 211 her eggs. Usually the female
dies within one to three days after oviposition, and dissections of these
females show that even when fed on marmite and sucrose solution or when
fresh meat is mraegent in the cages, no further development will take place..
In the field it is probable that Melangphora does not even feed
on plant nectar; I have never seen Melanopnors on flowers myself. even
in vicinities where this species of fly is common, and Day (1948) who
lists large numbers of flowers for almost all Tachinids and Callipherids
keyed by him, lisis nons for Melanophors. One of the most common habitats
for Melanovhora. is on the rocky sea shore at base of c¢liffs, vhere few
of any suitable flowers are avallable and, so perhaps the fact that this
species has no nutritional raquirements for oviposition is an adaptation to
this habitat. Certainly none of the other species which do have
nutritional requirements is commonly found in this type of habitat,
When a newly emerged female is mated but confined away from
any substrate contaminated by #oodlice, no eggs are laid for two to three
days. When oviposition commences, the fly once again lays eggs in

crevices and even on the sides of the container but at a somewhat



90
slower rate than when a contaminated substrate is present. Nevertheless

all the eggs are usually laid within a period of 12 hours.

When female Melanophnra are unmated and kept away from
substrate contaminated by woodlice, no eggs are laid and the females
remain alive for as long as three weeks at 2000, but, if at any time after
two to three days they are mated, oviposition takes place within a few
minutes independent of the presence of woodlouse contamination,

Virgin females will lay eggs on contamirated substrate
gf4or ther vzach an age of about three days, but the ovaries are never
emptied. While ovipositing on a contaminated substrate, the female fly
dees not seem to be atiracted to the woodlice themselves, 1f thase arc
present, but if a woodlouse is introduced jnto a container where a
female has commenced to oviposit on a substrate without the uropod
senrebion, there is some attraction and the female will setble on the
woodlouse and lay eggs bewreen the epimerites althou.gh it will 2320
continie to lay eggs in unccntamineted places. Whether this is av
attvechinn of the £1y to a sultsble subetrate by sight or a chemostimulent
attraction is difficult to debtermine, Reactions to Qnigcus which is not
a host of the parasite, are the same, vhile those to the smoother
Philogois are mok, If a woodlouse is killed thus causing copious secretion
to exsde from iateralilate and uropod glands, no eggs are laid on ity und
trhis indicates that the parasite is more repelled by the pungent lateral
~ plate secvetion than it is attracted by the uropod secretion. However, the
dried shell left of a woodlouse after a parasite has cmerged from it and
which is presumsbly relatively odourless, 1s readily oviposited upon.

Two or three days after the eggs are laid they drop off the woodlouse,
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It is just possible that when a mated female is unable to find a
contaminated habitat in the field but can find a host, she oviposits on
a woodlouse, which may return to a colony where the eggs drop off,.
However, since many thousands of woodlice in Melanophora habitats have
been examined during the oviposition period without finding a single egg
on them, this possibility does not seem likely.

The wing flutterings of Melanophora may aid in host location
since chemoreceptors are present on the wings and the fluttering causes a
rapid flow of air over these. In spite of this possibility it has not;
been possible to produce any evidence to this effect. Specimens from
which wings were removed readily oviposited on conteminated bark soon
after emergence and mating; winged females, 'when,lr_eleased in a large cage
with numerous pieces of bark one of which"is _cion'béminated, do not fly
straight to the piece of contaminated bark, but exploi'e all pieces with
the ovipositor until the conbtaminated one is encountered and eggs are
then laid on it. Winged females have no apparent tendency to follow the
path of individual woodlice released in large cages. Why the female
continues to exhibit flutterings throughout oviposition with what must be
a great loss of energy remains o mystery.
iii) Plesine
Mating (Number of observations - 50)
Female Plesina will readily copulate from an hour or

so after emergence, but males will not usually do so until at least
twelve hours have elapsed. Older virgin females will also readily

- copulate,
Courtship is similer to that of Melanophora. When exposed
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to a bright light, female Plesina flutter their wings while walking about
in circles. This behaviowr attracts the males which £61llow the females
end flutter their wings, Withih a few minitéd the mele edges himself on
top of the female and copulatiéh takes place. Unlike other species of
&_lg’gg. phorinae, a pair of Plesina usually remains in copula for at least
an hour and often for several hours. TFrequently a féew minutes after
separation, courtship and copulation begin again, so that one pair may
spend most of a day or more in copula.

Unlike Melanophora males, male Plesina often atiempt
copulation while ‘the females flutter their wings during oviposition,
but copulation rarely ensues as a result of ﬁhis.

Mabing of this species has not been observed in the fields

ipogition. (Number of observations - 30)

Female Plesina begin oviposition two or three days after
emergence if they are mated and a substrate previously contaminated by
Porcellio seaber is present. Provided that the females are of the
required age, they m’.il lay eggs within a few minutes of copulations.

As in other species, uropod secretion appears to be the
active ingredient of the woodlouse contamination although it was found
that bark on which woodlice had been living for geveral days proved a
little more attractive than fresh bark spreed with uropod secretion. In
fact, although experimentation on thisg was limi+ed, bark on which large
quantities of secretion had been spread usually proved less attractive than
bark with only a little secretion. If no contamination was present,
females though mated did not begin to oviposit until about one week
after copulation and then the eggs were laid at a much slower rate than

otherwise.
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Oviposition behaviour is similar to that of Melanophora.

When supplied with contaminated substrate the ovipositing fly continually
flutters her wings, and explores this with her extended ovipo}s:.tor
seeking cracks and recesses in which she deposits eggs horiaontally

with the winged surface outermcst. 1 distinct preference is shown for
verkical surfaces and while the female will lay some eggs when exposed to
bright lighb, she prefers the dark side of objects for oviposition and
will crawl betweer two pisces of bark to lay eggss Unlike Melanophora
which lays eggs rapldly at the beginning of the oviposition ;erlod,

Flesina commencss to oviposit by laying cne egg every few minutes until

a dozen or so eggs are laid. Then the speed of oviposition increases so
that eggs are iaid Aintermittently in groups of two to eight, the eggs of
each batch being laid at intervals of ten to thirty seconds at 25°C,
The fly then rung or sometimes flies around for one to five minutes
before laying another batch, |

All the eggs are usually laid within two days, the total
for each female varying from 250 to 400 and depending mainly on the size
of the fly which in turn usually depends on the size of its host.

Virgin females will lay cggs after about a week if provided
with contaminated substrete, but these are often laid in a singlé bunch.

Whilst it has been relatively easy to obtain eggs from this
species Ln eulturs, only a very small proportion of }tl.'xem finally produced
larvae. Tnitially, this was thought to be due to the attacks of mites
and fungl to which the eggs are suppesedly more vulnerable than those of
other species since they take considerably longer to hatch (12 days at
250¢), Mites were eliminated but the eggs still did not develop and.
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\ and became infected By fungi although various concentfations of Nipagin
were applied to prevent this. - Recently 1t was found that when Plesina
pupae, i‘].ies and eggs we;'e i:;'ep’cv. at room l‘tempe'r'aiture (épﬁrox. 20°¢) ,ﬁére
eggs were viable, '

It is well known that the males of some species of insects
often become sterile at much lower temperatures than females, Thus when

the Chalcid Buchalcidiae caryoberi was exposed to 16°C for ten days by

Hanna (1935) females were vnaffected but 70 per cent of the males were
sterile. When pupae of Ephestie Ruehniella are kept at temperatures
above 27°C spermatogenesis is retarded and the epermatozoa lose their
mobility (Raichoudhury 1936).

As there was a possibility that Plesina meles were being

similerly affected, males emerging from puperis at 20°C were mated with
females cmerging from puparia at 259C, Many of the resulting eggs
produced larvae although large numbers of eggs still failed to develop.
Obviously considerably more work 1s required to establish whether failuré
of eggs to develop ic caused by the gterility of male flies reared at
25°¢,

Plesina eggs collected from the field were almost 100%
viable,

Oviposition has not been observed in the field although
on Hwo oceasions eggs.have been found,

From egg distribution ir the ficld it seems that the
ovipositing Plesina crawls right under the bark of trees and lays eggs
throughout the microhabitat of the host. Two trees with loose bark were

scen, but when several square feet of bark was stripped from the trees,
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dozens of eggs were found laid on the tree trunk, often a foot or more
from any entrance hoie in the bark, In the‘situations examined, the
eggs were fairly evenly distributed, about one or two to every two
square inches of trunk examined, Everywhere beneath the bark that
was accessible to the woodlice themselves appeared to have been also
accessible to the ovipositing fly,

iv) FPayto
Mating (Number of observations - 40)

The mating behaviour of Payto ielanocephala is similar

to thet of Styloncuria. tut takes place more readily.

Females fwom a few hours old omvards and males at least one
day old readily exhibit ihe jerking behaviour described in Styloneuriz
when they are exposed to bright light of any kind. Even when only a
single male and a female are confined together; the male soon springs on
to the female and the pair fall to the ground in copula. Mating is
quite short, lasting from two to ten mimrbes. No females have been
observed to copulate more than once although males readily do sos

The species has not been observed in the field.
Qviposition (Number of observations - 40)

If provided with the essential stimuli, mated femalsswill
commence ovipositing three days after emergence.

Feoding on sucrose solution satisfies the nutritional
requirements, while additional feedi‘ng on marmite solution or fresh meal
does not seem to increase fecundity.

As in Styloneuria, egg laying will not normally take
place in the absence of substrate contaminated by the normal host. Bark
on which Armadillidium vulgere had beén living for scme time induced
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rapid oviposition. However, Fhyto does not appear so rigidly to depend

upon this stimulus as does Styloneuria, since a few eggs are sometimes
deposited on the uncontaminated substrate near to any contaminated
regions, Further, the occasional egg is laid when a mated female is
confined for several days under uncontaminated conditions, and a dozen or
80 eggs are sometimes laid on bark treated with_P.scaber uropod secretion.
Unmated females will lay about half their eggs if confined with contamin-
ated substrate for several days.

The presence of Armadillidium vulgare itself, on
uncontaminated bark, does not induce oviposition.

As with Styloneuria, female Phyto seem to be negatively
phototéxic during the oviposition period. They crawl under all objects
available feeling all round with their ovipositors. In conteminated
situations eggs are laid in cracks and crevices, with the long axis of the
egg generally horizontal to the substrate,

The pattern of egg laying is somewhat sporadic. Batches of
eggs varying from two to ten in number are laid at intervals varying from
one to five minutes, the time elapsing between the laying of each egg of
a batch being from six to thirty seconds. Between laying each batch,

" besides the ruming and jumping behaviour described in Styloneuria, Phyto
also flies around a great deal., This is probably connected with the
generally much more sparse distribution of its host, namely Armadillidium,

Once again, the total number of eggs laid by each female
varles greatly, usually with the size of the fly which in turn depends
upon the size of its host. Two hundred to five hundred eggs may be laid
within one to two days and the fly usually then dies (with exhausted
ovaries). Unmated Phyto females which are kept in cages uncontaminated
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by frmadiiiidium will, however, survive for as long as two weeks,

v) Rhinophora
Mt {rig (Nuiber of cbservations excesded 50)

linder laboratory conditions it is difficult t;: obtain mated
females of this species. However, female Rhinophora are most receptive
a few hours after emergence. When confined Wwith & numba" of males
several days old, and subjected to bright light one of them ﬁéually
evem;ually- Spfings onto the female without any apparent prior courtship.

Mating uéually lagts from 5 = 15 minutes, No female has
been observed to copulate more than once.

BB nophora is one of the commonest and widely distributed
of the Rhinophorinae to be found as an adult in the field and during
the present study has been Seen on numerous occasions. Males are found
far more commonly than femmles and seem to be attracted to anything white,
Although found commonly on anbeii;ferae and often in large numbers, males
will also settle on white paper or on stones. Copulation has only been
observed on three occasions and then a female settled near males on an
umbelliferous head in the sunlight and was pounced on within a few seconds
in each case.
Oviposition . (Number of observations = 40)

Rhinophors females will lay eggs three days after emergence
(at 20°€) bubt as only freshly emerged females could be mated it is not
known whether or not this period is also required after mating. However,
when laid, eggs show no signs of previous development.

When ready to oviposit the female rums about probing into
all crevices and cracks with her long ovipositor. However, except under
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certain circumstances, oviposition does not take place. Initially,
contaminated bark such as was found t6 induce oviposition in Styloneuria
was left with the searching females, bitt generally 56 ogps were laid.
When rubbish consisting of small pieces of broken bark and wood dust on
which woodlice had been living was put in a cage with a Rhinophora
female it was found that it completely buried ite ovipositor, which when
extended is as long as the rest of the abdomen, and after feeling round
for some time, laid an egg. While the ovipositor is actually inserted,
the wings of the female flutter slightly as 1n Melanophora. It was later
found that females will lay on contaminated bark but only if very deep
cantaminated crevices, in which the female can bury her ovipositor, are
available, The eggs are laid vertically in the crevices with the micropylé
end'uppermost. Pogsibly this is an important mechanism for ensuring the
availability of suitable \hosts'_, as only in such crevices would woodlice
small enough to be parasitised by the larvae when they hatch, be
frequently found. Further, only woodlice small enough to crawl into the
erevices could conteminate the insidé of them.

In Rhinophora oviposition extends over a week or more,
Ten to fifty eggs are laid a day usually two or three eggs being laid
within a few minutes, this followed sometimes by hours of flying around
before more eggs are laid,

On one occasion, a few eggs of this specles were found in
the field, buried deeply in the soft wood beneath some loose bark of an

elm tree. These eggs were scattered and from the position of the entrance

holes in the bark, it was obvious tﬁat the fly had had to crawl some

distance beneath the bark before ovipositing,
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vi) Frauenfeldia

Mating

Mating behaviour has not been observed although three pairs
were seen in copula in the laboratory where they had been exposed to
artificial sunlight.

Oviposition (Number of observations = 9)

No eggs were laid until one week after emergence, Ten to
thirty eggs were laid daily after this time and no female laid more than
a total of 130 eggs. All flies were fed on a mixture of sucrose and
marmite to ensure oviposition, although whether or not this was essential
wag not determinéd.

Bark on which P,sgaber had been living for some time
" provided the necessary stimulus for oviposition. Fggs were laid singly,
~at intervals varying from several minutes to several hours, in deep
_crevices s vertically with the micropyle outermost.

Eggs of this spoecies were found in the field on two
occasions and aé with Rhinophora these were well scattered deep in the
soft wood beneath loose bark and the fly must have crawled for several
inches bencath the bark as eggs were found a long way from any entrance
holes»

vii) Stevenia
Matipe (Number of observations - 12)

Females mated quite readily from two or three hours after
emergence and in one case, two weeks afterwards, bubt males would not
mate until they were at least a day old.

As in Melenophora, the female flutters her wings as she

walks about before mabing and this attracts the male who follows her path
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fluttering his wings in a like manner. (While this is usually the only

occasion when males flutter, females flutter for much of the time from
emergence to mating and again during the oviposition period). The male
shows no interest in the female as soon as she ceases the wing fluttering,

Ifter a courtship lasting a2 minute or so, the male edges
on top of the female, and copulation ensues, This lasts from five to
fifteen minutes.

Bench lamp illumination was sufficient to induce courting
behaviour which led to copulation.

While none of the females reared in culture were seen to
mate more then once, two females collected in the field which laid fertile
eggs before being confined with a male in the laboratory, did afterwarde
mate again.

Although male Stevenia was caught on flowers in the field
on three occasions and observed there several other times, females weie
only seen and caught on logs inhabited by P.rathkeiwhere no males werc
present, and were found resting oh grass blades and other foliage nearby
(there were no flowerheads in the vicinity of the logs). |

It is not known where copulation occurs as it has not been
observed in the field.

Oviposition. (Number of observations = 16)

The majority of the few females obtained from culture mated
soon after emergence, but laid no eggs for at least five days at 25°C.
Whether some embryological development takes place within the egg before
oviposition was not definitely dietermined owing to» the shortage of
meterial, but the short period of two and a half to three days (at 259C)

required between oviposition and egg hatching suggests thet this is
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probable,

Two females, obtained from the field and which had
already laid some fertile eggs resumed laying shortly after copulation
in the laboratory, but there was no reason to believe that these eggs
were not fertilised by the sperm of the field male.

When females were fed throughout their life only on
sucrose solution and kept in clean cages, they still laid some eggs vwhen
they were provided with the ncessary stimulus, and feeding on marmite
solution and fresh meat apparently did not increase their fecundity.

Bark on which Porecellio rathkei had been living for some
‘time proved to be a necessary stimulus for oviposi'tipn.- In the presence
of this material, a female Steveania walks around and over it with flubber-
ing wings and tries to crawl under it or into crevices, If able to do
this, the fly feels around with its ovipositor for some time before
eventually depositing a single egg. The fly then runs and flies,
Occasionally it rests for several minutes up to an hour or even more and
then beging to search and to flutter its wings once again,

In contrast to Rhinophora and Frauenfeldis, the eggs
are not usually laid in deep crevices but on the flat underside of bark
with the winged surface outermost,

The fly showed photonegative behaviour during oviposition
and no eggs were laid in situations exposed to light. No oviposition
took place on uncontaminated bark whether or not P.rathkel were present,
end the flies would not oviposit on bark contaminated by P.scaber. It
was not possible to test whether as in other specles it was the uropod
secretion which provided the essential stimulus to oviposition as speci-

mens of P.rathkel were extremely rare at the time, However, it seams
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most probable that once again the uropod secretion is essential,

Although this parasite species is extremely rare, it was
possible to observe both its oviposition and egg distribution in the
field in June 196§gin the only habitat where P.rathkei was at all

- common and parasitised,

Observations, lasting several days (20 - 26.6.64) were
made on a number of logs and a fallen tree trunk inhabited by one to two
hundred ?f.;athkei and several hundred P,gcaber. On several occasions
female Stevenia were seen to fly from many feet up in the sky straight on
fo the logs.ﬁ On all occasions when the actual landing place was hoticed,
the fly alighted on patches of the tree trunk on logs where the bark was
stripped and the white wood underneath was visible, On alighting, the
flies flubttering their wings rapidly run with short jerky movements to
the sides of the tree trunk or logs end tried crawling under any loose bark.
Lé.rge cracks were entered and in these the femalaes were seen feeling
arourd with their ovipositors, and laying eggs on two occasions. Invariably
the female fly made for the underside of logs and pieces of bark.

Later, all the logs and pieces of bark were examined, Only
a fenr pieczs had eggs attached to their undersides, No more than one or
two eggs to a plece of bark were found and they were usually associated
with the presence of P.rathkei, |

It is difficult to say vhether female Stevenia are
attracted by the sight of barked trees and logs, but they landed on the
logs from all directions, apparently independan‘c.ly of the prevailing

wind,.
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5. BEHAVIOUR OF FIRST STAGE LARVAE

i) Melanophora
(Number of larvae observed exceeded 2,000)

At 259C hatching of eggs occurs 7 days after oviposition.'
The emerging larva splits the egg down both hatching lines for about a
third of their length and the intermediate area is lifted up in the Pashion
of a trap door as the larva squirms out until it¥s posterior end reaches
the anterior of the egg. It now stands erect inside thé egg on its
pesterior end and may remain in this position for some time, although .
usually it somersaults out of the egg soon after hatching. The whole
process takes from two to three minutes. If undisturbed, the larvae remains
quite near the egg seated on its posterior end with its body at fight
angles to the substrate and in a relatively contracted condition. At the
slightest mechanical disturbance from the subsirate of surrounding air,
the larva pivoting on its fixed posterior end; describes circular, and
often figures of eight movements seeking in all directions with its
anberior end. The larva elongates to about one end a half times its
original length during this activity, but it usually rebturns to its
erect contracted static position a few seconds after the cessation of the
stimulation, although sometimes it may somersault a few milimetres after
being distur‘ped. When mechanical stimulation is continued for more than
a few seconds, the larva ceases to respond and contracts to the resting
position, Violent mechanical stimulation also causes active larvae to
contract and become sessile and after such treatment larvae may not
respond normally for severdl minutes. If larvae are ¢onfined in o small

airtight container, such as a sealed watch glass, they are much léss
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liable to activation by mechenieal stimulation. This is possibly

because the larvae ere mainly sensitive to air currents and these are
less easily set up by vibrations in a small elrtight compartment, As
soon os the watch glass is opened the larvae are again active, Possibly
the very long lateral abdominal setae of these larvae are vibrated by
even slight air currents.

Complete somersaulting is the only method of locomotion
under normal circumstances. The lorve feels the substrate in froat of it
for a hold with its anterior end, and then swings the posterior end over.
1% then retains a hold on the substrate and releases the anterior end.

A full somersault takes about two seconds.

Holding of the substrate by both anterior and posterior
ends is aided by secretion of an adhesive material which readily stains
with Aleian blue indicating its muco-polysaccharide or muco-protein
nature. This secretion is left whenever the larva somersaults or is
removed from the substrate and is so effective that larvae can readily
somersault and maintain their erect postures on glass.

A complex of structures at the posterior end of the 1ar‘;'a
(see fig, 13 ) seems to play a part in maintaining this posture.

The mode of action of the fixed posterior end was observed
by transferring a larva to a coverslip and observing the underside of the
slip under oil immersion., The function of the long tongue-like lobe which
seems to bear two secretary pores, may be complex, It appears to enable
the larva to cling to the substrate on the dorsal side, while the two
pronounced ridges on the ventral side tend to prop up the larva, At the
anterior end the oral hood becomes filled with secretion and acts as a

sucker,
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If layvae are killed with alcohol or Kbd, they usually
remain fixed even to glass. Tﬁomi:‘so‘n (1934) considered that the first
stage larvae of Rhinophorinse in all probability went in search of their
hosts but numefous experiments which I carried out indicate that this is
certainly not so. Firstly, the larvae seem to be in no way directly
attracted to woodlice; a number of larvae varying from 1 - 20 were
introduced into the centre of graduated glass tubing of internal
diameter of one cm,, by means of a glass rod. At one end a number of
Poscaber were confined by means of muslin and the tube corked at both ends.
Although a little movement of larvae by somersaulting did occur, this was
non-directional, Most larvae remained where introduced even after being
left for periods of 3 days or more. The tubing was tried horizontél,

erect with woodlice below the larvae, and erect with woodlice abové{}%}me
;v ats (YN

larvae, and the tubing was also left at various angles. Various h:‘giniditieé\*‘

were maintained from 100 per cent to O per cemt and the tube was 1ef'b in
light and dark conditions, Humidity gradients with woodlice and water
soaked cotton wool at one end of the tube and solid KOH at the other,
also produced no reaction from the larvae.

The distance of hosts from the larvae was varied from
10 cm. to .5 cm but there was no evidence of attraction.

One possible reason for this lack of locomotion by' tl;e"
larvae could have been an inability to move on glass although on t)i;e
oecasion that the larvae do somersault on giéss there appears to be no
diffieulty in doing soi However, when pieééé of bark with larvae on
them were wedged into the tube and similar experiments to those described

Hbove werd drisd; tho same results were obtaltied, Bven when the wosdlise

e,
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are held just out of reach of the larvae, the latter shows no tendency
to migrate towards thems It also seems that the larvaé are not attracted
to the conditions in which their hosts live, No humidity gradients tried
caused 1ocomotion‘and the larvae do not show geotactic or phototactic
activity. Although vibrations of the substrate causea seeking movements
already described, larvae do not move towards the source of vibration and
even when the substrate is gently or heavily scraped within a few
millimetres of the larva it does not somersault towards the seraping.
Further, the secking movements with the anterior end are not directed
particularly towards the disturbance but are just as random. Sudden
iilﬁmination and darkening of the larvae causcs no activation of the
secking regsponse.

When the seeking anterior end of the larva contéctSb
anything that 1s moving, it clings on to this with its anterior end
and either somersaults on to it or brings up the posterior end behind the
anterior. If this movingyobject is not a woodlouse, then the larva will
again readily, after a few seconds, cling on to anything else moving past
it, including the substrate, but it will not readily leave a woodliouse
once it has attachedlitself to 1t., Frequently when larvae are crowded,
one larva may become attached to the anterior end of another and remain
there, sometimes for hours. Continuel transference from one object to
another eventually results in the loss of the ability of the larva to
transfer itself, although it may attempt to do so, It is probable that
there is a limit to the amount of secretion that a larva ean produce as,
eventually the parasite is much more easily dislodged from the substrate

end cennot retrieve its erect posture.
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Getierally larvae will cling to any moving object, but

sometimes when touched even by woodlice they retract and lie against the
substrate and will not respond for some minutes, ﬁéﬁeated experime;ﬁtation
indicates that this reaction is due to & number of camses. Thus if:' larvae
are repeatedly mechanically stimulated they no longer respond and then will
lie flat when touched or just remain céntracted in the erect position bub
immobile, That is, the larvae may show prolonged sensory adaptation or
habituation to this stimulus. However, even if larvae have not been
distﬁi-bed f;r a long pe;riod, they occasionally respond in the same way.
Thus if a larva is touched suddenly without previousg stimulation which
evokes seeking movements, it often retracts immediately although some
seconds afterwards when the same larve is disturbed by air currents or
vibrations it readily clings on to a moving object. Iarvae are also more
inclined to retract if touched well below the anterior end.

In order to determine whether humidity plays any part in
the occasional rejection by larvae of moving objects, larvae on bark were
confined in an airtight celluloid compartment and left for 30 minutes at
0 per cent and 100 per cent humidity maintained by eilther solid KOH or
a wad of cotton wool soaked in water put in at one end of the compartment.
A large pin inserted through a rubber diaphragm at the side of the compart~
nent could be ma.r‘lipulated to reach any of the larvae without disturbing
the humidity.

It was found that at 100 per cent humidity most larvae
readily attached to the pin when touched by it, while at O per cent
humidity the majority of larvae either lay flat or just vibrated if

touched.,
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When the needle wes moistened, most larvae readily

attached thansclves whatover the Surrounding humidity, and similarly under
conditions of O per cent humidity larvae attached readily to the leg of a
woodlouse (from which evaporation also takes place continually).

Larvae will survive for as long as two weeks at 20°C, ‘lC-O
per cent humidity, but usuaelly die within 12 hours at O per cent humidity,

Attachment to host (Number of observations exceeded 200),

Meianophora seems to be the only one of these parasites which
will attach to anything moving which it can reach. The larvae somersaulb
onto moving cbjects grasping onto them with the anterior end and quickly
swinging over the posterior end to maintain a hold.

Usually when a woodlouse moves over them the larvae manage
to cateh hold of the tibia but with very small hosts they cen somebimes
reach straight onto the sternites.

As soon as the larva is atbached it proceeds to somersault
towards the sternites of its host and then mokes its way to the inter-
gsegmental membrane. Here it comes to lie in the fold of the membrane and
moves alcng this. Movement now is by hauling, the anterior end digging
in and the posterior end being pulled along for short distances, The
larva nsvelly makes its way o somewhere in the middle third of the
membrane and remains there beginning to penetrates

Although as stated below, Melanophora larvae only manage
to penetrate freshly moulted woodlice, no preference in attachment
could be found experimentally. This was hardly expected, since no
preference was found between woodlice and other animals. ,

There was, however, a difference in attachment %o
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hosts of varying sizes. Iarge hosts of over 1.1 ¢m in length usuclly

carry their tibia at a greater distance from the substrate than the length
of the larvae and so the parasite cannot reach them, Larvae only managed
to reach these hosts when they (the larvae) were attached to projecf}ions
of the substratum, or w;rhen they were touched by the hosts tarsus. Often
a large host was found {o walk over numerous larvae without any being

able to reach it.

Entry (i\Iumber of observations exceeded 100)

Tt was found that whilst larvae will easily mcke their way
to the intercegmental membrane of the host, they usually remained there
without entering and soon died. The larvae wSijZiale to insert one or
more segments into some hosts but died without getting any further. On
other hosts, the whole larval body entered, but the process of entry was
as long as two to three days,

First infections of woodlice by Melanophora resulted in
5 per cent and lessg parasitism, Latér, it was found that larvae entered,
quite rapidly, newly moulted hogts and experiments showed that the time
taken for the larvae to enter was roughly proportional to the time which
had elapsed since the host moulted. Thus on hosts which had moulted only
two to three hours previously larvae entered within two to four hours,

On hosts which had moulted twelve hours previously larvae took four to
eight hours to enter., Forty eight hours after the host has moulted the
larvae did not complete their entrance for two to three days. ILarvae could
not enter hosts which had moulted longer than three to four days.

The time for which the host was vulnerable after moulting

was affected by its size, Smaller hosts were numerable for longer

periods of time,
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After entry the larvae protrude vertically from the ;';
starnites into the host's coelom, with the last one or two segments
protruding from the entry hole. They feed on the host's blood and swell
to about one and a third times their previous greatest diameter. When
the first sbage larva moults after 5 days at 25°G, the second stage’j

larva often retains this posterior conmection with the exterior, although

some larvae® may migrate,

ii) Styloneuria (Number of larvae observed exceeded 2,000)

At 259 hatching occurs 5 days after oviposiﬁion. The
hatching lines of the egg are usually split along the whole of their
length so that the small intermediate area often drops away from the egg
and the larva emerges in the same way.as Melanophora,

As in Melanophora the larva is riormally seated on its
posterior end and at righf angles to the substrate and when mechanically
undisturbed is in a contracted sacklike condition. (see plate 2). However,
unlike Melanophora larvae those of Sty;léneuria show a preference for
attachment to vertical surfaces or to henging downwards, so that if the
larvae hatch from eggs lying on the uppér surface of an object they
usually migrate to the sides of the object or the sides of ridges on the
surface of its If they hatch from eggs on the underside they remain
near the eggs. This migration is independent of illumination or humidity
as 1t will take place in darkness, with illumination from either side or
from beneath, and in a range o?%u;iedities up to 100 per cent. Mechenical
stimulus as in Melanophora produces the characteristic exploratory move-
ments but these are slower than those of Melanophora, Gentle air currents

Seem to provide much more stimulation for the seeking movements than
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Jolting the substrate and beside being more rapid the seeking movements
continue for longer intervals of time (20 -« 45 seconds as compared '._bo
5 = 20 seconds), |

As with Melanophora violent jolts of the substrate or
strong air currents cause contraction and sessility.

When the anterior end of the parasite contacts a moving
object, . if this is not a woodlouse, the whole larva retracts sharply
and lies against the substrate, Only rarely when a moistened object is
moved past the larva, the larva may somersault onto it.

Experiments similar to those with Melanophora indicaté that
there is no phototactic response and flashing light has no effect in
stimlating the larva. The parasites do not move towards their hos“i:s,

Under experimental conditions Styloneuria larvae did not
react to various humidity gradients but on a single occasion a very marked
behaviour pattern was observed, Several hundred larvae on pieces of bark
were belng kept in an airtight plastic box at one end of which was a pad
of wet blotting paper inserted to maintain hiéh humidity which is -
essential for normal longevity of the la:évae. After a day the culture
was inspected and at least "c.hree quarters of the larvae numbering several
hundred were found surrounding the wet blotting paper in a dense band
although many must have migrated several inches. Despite numerous
reretitions with many other larvae not the slightest tendency tc this
behaviour has again been found and in mere subtle humidity experiments,
larvae have shown no response to humidity although various ages of larvae
previously left for 1 = 4 days at O per cent relative humidity end 100 |

per cent relative humidity were used in the experiments,
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As in Melanophora; the posterior end of Styloneuria

secretes a micoprotein or micopolysaccharide which aids the complex
structures of the posterior end in maintaining the larva in an erect
posture, This secretion seems to have somewhat stronger powers of
adhesion than that of Melanophora so that larvas killed in alcohol have
to be heated for some time with KOH before the posterior end beccmes freec
from the substrate even if this is glass.

At 20° C in 100 per cent relative humidity larvae remai£
alive for as long as one month and even at O per cent relative humidity3
the larvae live for several deys. EBven when dropped into 90 per cent
alcohol they wwvire for as long as 3 hours, :

Attechment to host  (Number of observations exceeded 200)

As has been described above, Styloneuria larvae, when
mechanically stimulated by any moving object, will explore in all directions
with their an®erior ends, but when they contact any object other than a
woodlouse (earwigs, beetles and centipedes were tried as well as inanimate
objects) they usually retract and often lie flat against the substratum

When the anterior end comes into contact with a leg of a
suitable woodlouse host the parasite does not retract but holds on with
its anterior end, releases its posterior and from the substratum and then
attaches it to the woodlouse leg by somersaulting. It then releases its
anterior end.

However, if the tibia of the woodlouse, which is carried
horizentally, hits the larva well below its anterior end {as does occur
with small woodlice), the parasite lies flat, as it does when touched by

objects other than woodlice, & small, and therefore unsuitable, host
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thus ususlly passes over the parasite without the latter attempting to

attach itself,

When the larva has atbached itself to the host but is
considerably disturbed by the movements of the latter (as it generally is
when it is attached to the usual position of the host's tibia), it somer~
saults upward until it reaches a position where it is less disturbed; that
is, until it reaches the femur, doxa or sternite of the host, where it
remains,

| The larvae can only enter a moulting host and an experiment
was corducted to test whether larvae attached themselves more readily to

woodlice about to moult.

Experiment -~ 1o determine whether larvae attach more readily to hosts
about to moult.

Method

A few days before moulting, woodlice form conspicuous white
patches of calecium deposit on their sternites (Heeley 1941.) It is thus
possible by inspection to sort out these woodlice from others,

A number of woodlice with white patches were mixed with
woodlice without them (all were females of 1.3 cms in length) and were
introduced into a large(i.g’j ;i?icgi tube filled with bark on which
a large number of Styloneuria larvae were fairly evenly distributeds The
tube was occasionally agitated and after five minutes all the woodlice were

removed and the number of parasites on each host was recorded.

The experiment was then repeated with females of 1.0 cas

length,
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Resulbs
with white patehes without white patehes
HOSTS  PARASITES HOSTS PARASITES
A 23 56 19 22
B 15 39 1 10
A+ B 38 95 31 32

X°? = 20,6 shows this result to be very highly significant,

These results indicate only that larvae have preference for
woodlice with white patches. This preference for woodlice about to moult
. however may be much greater. Thus the possible recognition of woodlice
about to moult, but yet lacking white patches is not taken into account.

Once the larvae become attached they do not migrate to another
host, even if the original one is "unsuitable!,

Experiments have shown that even when an unsultable host had
dozens of larvae atbached to it none of these would pass onto suitable
hosts even if these were kept in close contact for hours,

| When the paré.site has reached a position on the coxa, femur
or sternite, it may remain there sessile for as long as two to three weeks
(at room temperature), The body becomes contracted and the larva is so
Pixed to its host's cuticle that if pulled with forceps it will break at
the base,

In commection with this, it was noticed that if larvae become
attached to the very thin cuticle of the female ocostegite in a shert
time anopmue patch appears in the otherwise transparent cuticle, Also
sometimes,the posterior end of the larvs will sink into the cuticle.

Pogsibly a weak chitinase iIs present in the muco—proteiny or muCo-
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polysaccharide secretion from the posterior end and these together fuse

the larva to the cuticle. Further evidence of this fusion is in that the
larvae remain firmly attached to the host even after they are killed in
alcohol ete, They do drop off after immersion for about 30 minutes in

10 per cent Potassium hydroxide,

Entry (Number of observations exceeded 100)

Much time was spent in observing and experimenting with
Styloneuria larvae which made no attempt to enter the host. Various
temperatures, humidities, surplus water, different sises of host, newly
moulted hosts and worhded hosts, were tried to induce the larvae to enter,
but entry was not observed for some time, It was obvious that the larvae
were requiring some special conditions to enter the host. EFarly in the
work on this species it was considered probablg that the larva was "waiting!
for the host to moult, bub woodlice which had larvae attached before moult~
ing were still seen externally after the host's moult and although tﬁe
larvae appeared to squirm in the moulting fluid they did not enter even
when the cuticle of the host was again quite hard. Eventually, it was
found that these first stage larvae never in fact enter the host, although
they are actually "waiting" for the host to moult. The woodlouse moults
in two halves, First the posterior half of the cuticle is shed and then
the anterior with a period of two to three days between the two stages
of ecdysis. As one half is being moulted the larvae migrate from the
exuviae onto the wet new cuticle by somersavlting and squirm through
the moulting fluld to their place of penetration, which is usually some-
where in the longitudinal middle third of the sternum and usually in the

intersegmental membrane although sometimes directly into a sternite,
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This was demonstrated repeatedly by infecting _Pigx_c‘._g_ll_i_q

about Yo moult with some twenty larvae to each host.hs moulting occurs,
all the larvae on the moulting half can be seen somersanlting over the
old cuticle and onto the webt new cuticle over which they squirm, The
actual moulting only takes a few minutes but invariably all the larvae
leave the old cuticle before it is discarded. ILarvae on the non-moulted
euticle at the anterlor end remain there until this half moults. This,
together with the fact that the front legs usually pick up any larvae
before the back legs reach them, explains why under natural conditions .s
fhost larvae were foﬁnd to have entered the anterior half of the host.

On reaching the intersegmental membrane the larva inserts
its head oryat the most, one or two segments, through the soft cuticle and
begins feeding on the host's blood. (see plate 3). Over a period of three
days it swells very gradually changing from opeque white to slightly
translucent. The increase in size is hardly noticeable, the larvae
becoming about a third as wide again at its widest point. Whilst feeding,
the larva has its posterior end attached to the sternite in front,

After three days the second stage larva "moults into" the
host, the cuticle of the first stage remaining outside and uncollapsed,
but the second stage larva entering the host until only its last segment . .
bearing the spiracles protrudes to the outside. The whole process
resembles an injection into the host of the second stage larva by the
resistence set up by the euticle of its first instar to increase in size.
1i1) Plesina

At 25° C hatching odeurs twelve days afber oviposition. As

in Melanophora, the emerging larva splits the egg down both hatching lines
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for about a third of their length and the irtermediate area is lifted up

as the larva squirms out until its posterior end reaches the anterior
of the eggs: Tt may then somersault out of the egg but often remains for
hours with its posterior end attached to the anterior inside part of the
egg and its body laid against the substrate unlike the other larvae of
the Stylonenria, Melanophora, Phyto  group. Larvae found in the field
vere often still attached to the egg shell in this manner.

Basically the resting posture of this larva is gimilar %o
that of Siyioneuria, Melanophora and Phyto. The tongue and lobes at the
extreme posterior end of the larva clasp the substrate with the helip of 1
secretion and the posterior few segments are held at right angles. to the
substrate; The rest of the larva bends at right angles to these posterior
few segmants so the mailn body rests against the substrate when the larva
is not stimulated,

When stimulated by air currents, the whole larva becomes
erect and pivoting on its posterior end describes circular movements, sedl-~
ing in all directions with its anterior end, After a few seconds of this
the larva slowly lowers itself into the resting position,

Tarvae very rapidly become habituated o0 stimulation and
after only a few seconds they cease to respond to further stimulation and
maintain the resting position,

When larvae are confined in a covered, solid watch glass,
they do mot respond to mechanical stimulation, but as soon as the cover
is removed they begin their characteristic secking movements., It thus
seems that air eurrents are the main stimulating factors,

As with other Rhinophorine larvae, Plesina larvae are not

attracted to the host either from several centimetres or a few milimetres.
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Iarvae show no tendency to migrate along 4 humidity gradient although
they live for much longer abt higher humidities. They are not ﬁégativelf
or positively phototactic and are not stimilated by a flashing lighﬁe
They do, however, tend to migrate from the tinder side of objects and to
vertical. surfaces and migration is by somersaulting. |

When the seeking anterior end of the larva contacts a
mobile object, it usually retracts and lies flat if this is not a woodlousec,
as do Styloneuria larvae. However, occasionally when another object isg
moistened, Ilaivee vwill atbach to it.

Insufficient larvae were available to determine whether
there is any prefereace for attachment to woodlice at different stages of
moulting cycle., However, few larvae would attach to the legs of freshiy
moulted hosts.

When contacting the leg of a host, the larva usually somer—
saults onto ib, although sometimes it will lie flat and not attempt to
atbach itself.

Entry (number of observations -~ 30)

Because of a shortage of first stage larvae of this
species (see oviposition section) and the fact that only a very small
proportion of the larvae introduced to hosts actually entered, much less
has been found cut about the entry of this species than about any of the
other six,

Only about thirty hosts in all were successfully infected
out of several hundreds to which one or more larvae were introduced.

It had previously been found that Melanophora larvae would

only enter hosts which had recently moulted and that Styloneuria larvae
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would only enter hosts in the process of moulting. Such hosts were,

therefore, tried with Plesina larvae., At various times some fifty freshly

moulted Porcellio scaber were each supplied with one or more larvae and
most of these were individually observed for several days. Al'bhough.f:many
of the larvae disappeared, when the woodlice were dissected from one to
two weeks afterwards, not a trace of a larva was found in any one of thems.

About 2 hundred Porcellio scaber with "white patches" were

cach supplied with one or more Plesina larvae and most of these were
individually observad for several days. Nine larvae were observed in the
act of entering before the host moulted. Three entered the intersegmental
‘membrane between the anterior sternites; two entered the membrane bebtween
the epimerites; and four crawled between the pleopods before entering the
membranes at the base of these, IEntry in all cases took at least one day,
Larvae entering between the epimerites had their posterior segments at
right angles to the membrane protruding into the air while the exposed
segiuents of those larvae entering between the sternites lay horizontally in
the membrane fold. Dissections of these hosts afﬁer one week showed that
all larvae had then moulted into the second instar, All the remaining
hosts infected were dissected but only five were found to be successfully
parasitised. Although larvae often remain attached to a leg or sternite
for one or two days, they usually disappesr after this time and do not
h#ng onto the host until the moult as do &tﬂgggg;_i_g_larvae.

About two hundred_Porcellio scaber of various sizes, none

of which had either recently moulted or was about to moult, were each
supplied with one or more larvae. Five larvae were observed to enter
the intersegmental membrane between epimerites of their host and larvae

took one or two days to penetrate fully, The hosts of these latbter were
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dissected after three days and two of the larvae were found to be in their
second instar while the rest were still first_inétar3¢

Only thirteen of the remaining woodlice were found o be
suécessfully'parasitised when dissected two weeks after infection. There
were four second stage larvae in one of these, two in another and one in
all the rest,

These results suggest that entry of Plesina larvae is
independant of the moulting cycle of the host and that the reasons for

successful entries are yet unknown,

iv) Phyto (Number of observations exceeded 500)

At 25° C hatching of eggs occurs five days after oviposition.
Ag in Styloneuria, the hatching lines of the egg are usually split along
the whole of their length and the small intermediate area often drops away
from the egg as the larva emerges.

At relative humidity near to 100%, the larvae usually remain
near the eggs although they migrate by somersaulting to the sides and
undersides of objects if they are not already there.

As in Melanophora and Styloneuria, the larva is normally
seated on its posterior end and at right angles to the substrate in a
relatively contracted sac like condition. Slight mechanical stimuli
particularly air currents, cause rapid, circuler, seeking movements as in

lanophora, Styloneuris and Plegine and like these latter species, viclent
mechanical stimuli cause contraction and sessility and the larvae often
lie horizontally against the substrate for several seconds.

Experiments similar to those used with other species

indicate that larvae are not attracted to their hosts; they show no
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phototactic responses and they are not stimulated by flashing light.

However, unlike Melanophora, Styloneuris and Plesina larvae,
Phyto larvae readily migrate along a humidity gradient produced by solid
potassium hydroxide at one end of a tube and cotton wool soaked with
water at the other. Although ten repetitions of the experiment were made,
using five larvae in each case, all larvae migrated by somérsaulting, up
to the end of the tube containing wet cotton wool. |

The presence of a humidity response in larvae of this specied,

when it is ebsent in others, is surprising since Armadillidium vulgare,
- the host of Phyto, is much less dependant on high humidity for its

distribution than is Porgellio scaber,

Attachment te host.

Like Stylonevuria, thto'lar#ae will only attach themselves

to their normal hcests and although they will explore with their antericr
ends in all directions if mechanically stimulated, they will retract and
lie flat against the substrate if they contact anything other than

Armadillidivm,

In contrast to Stylomeuris which usually attaches to the leg
of its host; Phyto larvae become attached to the epimerites, uropods and
sometimes the antennae and pleopods as often as to the legs. This
probably occurs because these structures tend to be carried much closer
to the substrate in Armadillidium than in Poreellio and so are within
eagy reach of the larvae,

When attaching themselves the larvae somersault onto the
host as does Styloneuria, Woodlice of any species other than Armadillidium
are definitely rejected, the parasite lying flat when these foreign hosts

pass over,
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Once attached to the host, the larva-somersaults its way
to the sternum, if not already there, and then seems to wander at random
on the underside of its host exploring 2ll around it with its anterior
end.l Finally, often after a period of several hours, the larva finds its
way to the bese of the panis if the host is a male or to the corresponding
position on the female, which is immediately in front of the first-pair
of pleopods in the midline,

Is was often observed that whon the host rolled into 8
ball, =zs ii does vhen diaturbed,.any larvae at the antericr end to@k a

short cut dire~tly onlo the pleopods of the host.

Entry (Mo, of observations -~ 50)

Usually larvae on males were observed to approach the base
of the penis by squirming between the penal lobes and pleopods. On
reaching the soft membranous area on the underside of the penis the
larvae begin ponetration, When the host is a female the larvae find their
way between the antorior pleopods and burrow into the membrane,

Within 24 hours the whole body except for the last segment
enters the haemocoelgand projects inm it. A respiratory connection is
maintained with the exterior by the protrusion of the last segment which
bears the spiracles,

The larvae feed on the blood and moult five days after entry,

the second stage maintaining, at least at first, a respiratory connection
through the entry hole,
v) Rhinophors  (Number of obsérx}étions exceeded 500)

At 25 °c hatching of eggs occurs five days after oviposition

provided that the relatlve humidity is near to 100%, At low humidities



125
the developing embryos die,

During emergence, one or both hgtching lines of the egg are
split along about one third of the egg length, The emerging lerva waves
around its anterior end until the substrate is reached. It obtains a
purchase possibly with the mandibular sclerites, and then the rest of the
body is hauled out of the egg.

This is also the normal method of locomotion, the larva
stretching out its anterior end and then hauling the rest of its body
up behind so that its anterior half is raised into a loop.

When at rest, the larvae lie flat against the substrate
unlike those of the Meglanophora - Styloneuria group. |

However, together with the other species, the main stimuld
to which Rhinophora larvae respond are mechanical. When stimulated by
slight vibrations of the substrate or by gentle air currents, the
anterior or posterior three quarters of the larva is reared into thé air
and waves about through a sector of about 120° 4n front or behind its
atiached end.

Whether one or the other end is reared up appears to depend
on chance when the stimulus is vibration of the substrate, but when this
behaviour is stimulated by air currents the larva frequently explores with
the end nearest to their origin,

When kept at 20°C and 100% relative humidity, Rhinophora
larvae will live for a week or more, but at relative humidities much less
than this, they die within a few hours, Despite this, it has not been
posgible to detect any humidity response in the larvae,

The larvae do not migrate towards woodiice of any size or

condition, and they show no phototactic response although a certein
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emount of random locomotion does occur,
Although they will rear up in response to mechanical
stimulation, they do not cling to objects other than woodlice of a

certain size.

Attachment o hoste

When lying on the substrate the larvae of Rhinophora are
rarely abie to attach to any woodlice although they do rear up either
the anterior or posterior ends in attempts to attach themselves, A
Bhinophopa larva cannot cling to the legs of a woodlouse but must reach
the sternites before it can maintain 2 hold. As the larva can only rear
to a height which is much less than its own length ( 9 mm), it cennot
attach itself to woodlice in which the sternites are held further than
this distance above the substurate.

Only when a suitable size of woodlouse (length 3 = 5 mm)
remeins over & larve for sometime does the larva manage to cling on to it.
Larvae appear to be abls to ebtach themselves much more easily to woodlice
when these are crawling on the underside of objects and the larvae are
hanging dowrwards.

Once on the host the larva crawls along a ventral inter-
segmental membrane, Its seticular processes ("pseudopods") appear to be
used to wedge it between the sternites so that even if the host is active

and dorsal gide up, the larva once in position does not fall off,

Entry (Number of observations exceed 100)
In this way the larva slowly crawls to a base of a leg where
it punctures the thin basal membrane and over a period of two or three

ciays penetrates segment by segment until it has completed entrance into
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the haemocoel of the host.

‘The seticular processes, probably serve as berbs securing
the larvae into the membrane of the host while th? latter is very active,
The posterior portion continues to be wedged between the sternites befbre
complete entry of the parasite, '

The larva eventually lies parallel to its original position
beforelentry, and along the inside of the intersegmental membrane and it
does no% project ab right angles into the haemocoel.

It tkea feeds on blood and slowly increases in size before an

obligétory diapause gets in,

vi) Stevenia (Nuwber of 6bsarva£ions 60)

The hatching of eggs in this species occurs in three days
at 25°C after oviposition, i.e. éooner than in any of the otﬁer Rhino-
phorinae desoribed. '

As the larva emerges it usually splits the egg.down both
hatching lines for about one third of their length, The larva stretches
its anterior end out, gains a purchase on the substrate with its mandibles
and then haulé the rest of its body from the egg,

Just as_Stevenia Stage 1 larvae resemble those of Rhinophora

and Frauenfeldia in structure, so is the general behaviour similar,

The mode of locomotion is by the looping method, tﬁe larva
obtains & purchase on the substrate with its mandibular sclerite and
head and then dravs up the rest of the body into a loop behind, before it
again extends its anterior end,

The most obvious response of the larva is to mechanical

stimuli. The larve rears up its anterior or posferior half in the
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presence of vibrations of the substrate or slight air currents. The

posterior end is reared up more frequently, presumably in order to make
use of the complicated posterior furca, The larva will not cling to
anything except their normal host.

Because of the great rarity of Stevenia, comparatively few
replicates of experiments with the larvae were possible. As far as it
was possible to determine, the first stage Stevenia larvae are not

attracted from a distance by their hosts (Porcellio rathkd). The tests

used were the same as those adopted for the other species,

When larvae were exposed to a sharp humidity gradient
(0% to 100%), they eventually migrated towards the saturated end, Gener-
ally however, in medium to high relative humidities they tend to take up
positions on vertical surfaces and then to remain quite still unless they
are mechanically disturbed,

At a high humidity and at temperatures varying between 20

to 25° G, larvae of one culture remained alive for two weeks,

Attachment to host.

Stevenia larvae will only readily attach to Porcellio rathkei.

While similar in behaviour to Frauenfeldia in many respects, rearing in

Stevenia is more often with the posterior end than with the anterior enag
The mid-ventral moveable projection of the last abdominal segment which |
has no homologue in the other species, is used for the attachment to the
hogt,

- As with Frauenfeldie and Rhinophoras this species cannot,
or dges not, attach itself to the legs of its hosts bubt only to the

sternites,
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In the field, most female Porcellio rathkd have eggs in
their brood pouches when the first generation of Stevenin larvae are
hatching., This considerably lowers the sternum of the woodlouse so that
Stevenia larvae can reach up and catch on t6 the brood pouch of mést
Spebimens. The mid--ventral projection mentioned ab‘ove appears to be
dug into the soft brood pouch, acting as a barb while the larva hauls
itself vp. At the time when the second generation larvae appear in the
field there are only a few female hosts with brood pouches and therefore
the léx'vae can only attach themselves to small hosts.

Once or the brood pouch or sternites of its host, the

larva may remain there for one to three days often Staying in one

- place for a few hours and then moving to another., The reason why some

larvae begin penetration after one day and others await two or three days
has not been disacvered. Possibly feeding tekes place during this pi-e-

entry phase. Certainly when a brood pouch is present some nutrient

fluid exudes bebtween the oostegites of the host and sometimes a 1itﬁle

blood is present at the leg bases and on insersegmental membranes,

Entry
After the variable period of inactivity the larva mekes its

way Lo the bage of the front right leg and begins penetration. Several
dozen penetrating larvee have been obgerved and yet inveriably this is
the place of larval entry, There is no obvioﬁs internal or external
structural difference between the base of the front legs and any other
legs and no possible reason for this peculiar behaviour can be suggested.
Possibly the front legs may be more sultable in females with brood

pouches since the front legs are left free of it, but parasites on hosts
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without brood pouches will also enter the front right leg,

It is also interesting that on the few occasions when
Stevenia larvae have been found to enter Porgellio secaber on no
occasion were the front legs the areas of penetration,

The actual. time taken for complete entry varies from two
to four days. The first few segments enter more rapidly than the
others and these swell quite considerably more than the posterior orec.
Eventuslly,, the whole larva except for the last segment enters and
projects into the haemocoel. Moulting takes place after six days, the

second ingtar maintaining its respiratory comnection with the outside,

vii) Frauenfeldisa (Mumber of observations = 40)

At 25° © hatching occurs after an undetermined period which

is less than six days.

Fravenfeldias larvae have a gensral behaviour which is veuy

similar to that of Rhinophora, They are not attracted to their hosis;
they show no phototactic or humidity responses, but they do tend to
migrate to the sides and undersides of objects. ILocomotion is by means of
looping as in Rhinophora and Stevenia,

As in the other Rhinophorine first stage larvae, the mogt
obvious responge is to mechanical stimuli., The larvae flick their
anterior or posterior ends in response to slight vibrations of the substrate
or to slight air currents, but remain in a contracted condition when
exposed to violent stimulation,

Larvae have remained alive for three weeks in 100 per cent
relative humidity but unlike larvae of Rhinophora they teke several days

%o die when left at much lower relative humidities,
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Attachment to host
Iike the larvae of Rhinophors, those of Frauenfeldia

ca nnot attach themselves to the legs of woodlice but only to the stern—
ites of their host, Woodliee of length greater than 9 mm are nob |
vulnerable since the larvae cannot reach their sternites and woodlice

less than 5 ~ 6 mm in length also do not prove suitable presumebly because
the parasite has no room to extend itself underneath the host and cannoty

therefore, get a firm hold,

By (Number of observations - 30)

After athtaching itself the larva ranidly asgsumes a position
between two sternites, wedging itself between these with the aid of its
"ogeudopods®, Il then moves slowly along bzlwzen the two sternites until
14 reaches a leg base., Here it begins to penetrate the thin, basal mem-
brane and throughout & period lasting between one and three days, the
first five segments enter the host and project into the haemocogele (see
plate 4). The gix megments remaining outside are held between the stern-
ites by the seticular processes and never ir fact enter thé host (see
plate 5). These segments do not noticeably swell throughout the 17 - 19
days which precedé moulting, However, periodic dissections of the
infected host show that the anterior portion is at its widest part some
three times the diameter of the posterior portion,

Moulting now occurs and the posterior half of the larval
cuticle remoins uncollapsed and attached to the basal membrane, The
second stage larva does not maintain a respiratory connection ab its
place of entry, but migrates into the haemocoelﬁﬁith the anterior half of

the first stage cuticle attached around its last segment,
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It ;g of interest to n&be that the essticular processes of
the anterior five e;gmente which enter the host are different 'i_'roin those
on the posterior six in having strong setaé mounted terminally, Possibly
these setae aot as ba.rbs during entry,
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6. RESPIRATION AND NUTRITION OF SEGON'D AND
~ IHIRD STAGE IARVAE. : ’

6a) Respiration S .

W.H;Thoi'pe., tested a number "of Plgsina.br‘s’econd‘-s'tege larvae
by the "biological indicato'z?" method using ‘a'.j culfure of Poim (Thorpe
1932) for W.R. Thompson (1934), and showed conclusively that cuta.neous
respiration was golng on in this species. v '

Thompson (1934) considers that "t is possible thet the
larva obtains the greater part of its oxygen supply from cutaneous
respiration”, ) o | |

While Thompson (1934) states Nthat the larvae often do lie
in the intemental funnel with their posterlor spiracles in direct |
communication with the external air, there is no doubt", he mekes no
distinction between bhe different‘species of 'paiasifés'concernedo

| During the present investigatlon it was found that the

second stage larvae of some- species almost invariably have an external
respiratory connectlon while others almost invariably do not.

| | Thus while the second stage larvae of S'bzlgneuri and
Melanoghora almost always have, and those of ﬂgzl_:__ and Stevenia usuelly
have, thelr posterlor 5p1rac1es protrudlng from the host, the second .
stage larvae of Plesina E: ;;. eldj,e a.nd Rhinoghora rarely have any
.d:.rect connect:.on w:Lth the exberlor, N o S

In 'bhe four former spec:.‘es, the second stage larve usually
malntains 1ts external resplratory connection through the opening made by
entry of the flrst stage larva. The almost spherical posterior end of a

Stzloneu_;ia second stage la.rva may protrude r:Lght through one of the
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ventral sclerites of its host, but more usually pro‘brudes through an o
intersegmental mve.mbrane. _ More often than not the respiratory connection
of this specles is found at the a.nterlor half of the host and very |
rarely as far posterior as the pleopods. Melanophora larvae have their
-xternal posterior co.h.nection through the intersegmental membrane or
sometimes between the pleopods, but never direc‘eiy 'bhlgough the -

sclerite. In both~theee species active respiraﬁorj; ,xﬁo‘ﬁ'emehﬁs of the

| protruding last segment continially teke place, the poet_erior ,facle', of

the segmeﬁt being contracted' inwards and then relaxed When the poste‘rio:r
end of a larva 1s covered w:Lth water, qu:.te v1gorous movements oceur
until the posterior end is once more in contact with the air,

The external resplratory connﬂctlon of Phyte larvae is
through the thln membrane at the penls bage or through the corresponding
position in the female host and is usually covered by the pleopods.,
Sometimes the posterior end of a Phylo second stage larva becomes dig-
lodged -from this place of first stage larval entry, and becomes attached
| vehtrail;r-elsawhere but then it never penetiates to the exterior,

‘ étﬂenia larvae are usually found with their posterior ends
either applied to the inside of, or actually penetratlng the basal
. membrane of the first right leg of their host,

While only twenty second stage larvae of this species have
been examined, 1t does seem that older larvae are less l:.kely to maintain
a.n external connection than younger ones,

Second stage larvae of Frauenfeldia and Plesina lese
" contact with the exterior at the begimnning of the instar, Plesina

second stage larvae are very rarely found with an external posterior
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connection although a few have been found with spiracles protruding

through the membrene between the epimerites. Usually the last segment
of thig species is,anchored in the ventral connective tissue or quite
often it is attached to the thin membrane above the pleopode. Presumably
the forwardlyadireéted spines found on the last segment of the second

stage larva of this species and of Frauenfeldie aid in anchoring the

posterior end to the insgide of the host. Frauenfeldis second stage
larvae sometimes have their postierlor ends anchored in the ventral
connective tissue of the sternites. but are often found anchored to tha
inside of the tergites. Rhinophera second stage larvae are usually
anchored to the ventral sclerites of their host. Neither of the
second staege larvae of the lather two specles; nor the fully entered
first stage larvae of Roinophors have ever been found with an external
respiratory cornection,

The second stage larvae of Frauenteldia, Rhinophora and
Plesina must obbain most of their oxygen through their general body
surface by diffusion from the blood of their host although some oxygen
mey be obtained via the posterior spiracles which are closely applied to
the inside of the fairly permeable host cuticle,

™n all species the posterior spiracles of the third stage
larvae are in direct communication with the exterior soon after the
beginning of the third instar. Where a respiratory comnection with the
exterior was maintained by the second stage larva, the spiracles of the
third stage larva usually remained in the same position. In species
where the spiracles of the sccond stage larva are not protrudsd to the
exterior, the third stage larva usually protruded its spiracles through

the pleopods of its host,
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6b) MNutrition Similar for all species,

(Detailed observations on Sleoneufia and Frauenfeldia larvas),
g was confirmed by adding carmine solution, the second stage

larva observed in blood outside the woodlouse only feeds spasmodically
and little, but the third stage larva is very vigorous and continues to
feed throughout the instar, Even at the beginning of the third instar,
the larva can often‘be ooderved through the irtersegmental membrane of its
host probing with its anterior end in ail directions of the haemocoele and
continuonaly protraciing and retrecting its mandibular sclerites,

Ffumerous dissections nave revealed that for at least the first
half of 1vs instar, the third stage larva feeds only on blood, Ail the
organs and fat bcdy of the host then appear to be intact although little or
no food is found in the guv. Iuwever, tw§ or three days before pupation
the third sbags larva begins to feed on the gonads end fat body of the
host as well as on blood, If a larva is removed from its host at this
tine and-supplied'with fat body in bloéd, it rapidly drills through this
with its mandibular sclerites moving several times per second. Such
behaviour is not observed in the young third stage larvae,

Usually about one day before pupation of the parasite, thé
hogt becomes more and more sluggish and finally dies, At the same time
the posterior end of the paraéite is withdrawn into the host,

Soon after the death of the woodlouse, its dorsal tergites
gradually tend to become somewhat transparent centrally due to the loss
of the integumental pigment. Gradually during the time before pupation
of the parasite the whole cubicle of the host loses its pigment (which

is found in the hypodermal cells of the integument) and the squirming
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larva can be peen quite clearly thréugh the now semi~trensparent cuticle,
Waves of contraction continually pass from the postérior end of the larva
anteriorly and the larve squirms in all directions so that the contents of
the host appear to be continuously circulsted by the parasites

When the host is dissected at this stage, all the body
contents except the gut are found to be liquefied, even the‘ mu"s.cles of the
appendages., The gub reuains semi-fdigested and resembles a tarry strend
wbkich edkores bo the intagument of the host. This i1s a characteristic of
all the seTen spacies of parasiter exemined.,

Tho lignefaction of the host budy contents suggest that the
parasitics larva was probadly sec«rsting a pro":.edlg.’uic ensyme, |

The Chorney aand Temarelli (19.7) uasthod of testing for a
provease was used,

Method

dgo-albumin was mede from the fresh white of egg. The body
contents of a wcodlouse liquefied by Styloneuria parasite were tested for
protease by adding them to the Azo-albumin ucing a phosphate buffer of
7.5 @4, However. despite repeated attempts, no significant release of dye
wvas observed,

The body contents of a dead paresitised woodlouse were then
measured for their ¢H value axd were found to be 9 - 10,

The experiment was then repeated with a phosphate and borax
buffer of PrI 9 and yielded a significant release of dye after an

incubation period of 18 hours.

Using a reagert blank, which had been incubated with boiled

exper:mental sulution, as a contrel, the Eel phoiometer was calibrated to
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give a reading of zero with this and then the following experimental
solﬁtions, incubated with azo albumin for 18 hours were tested.

1) A solution of the contents from 5 woodlice killed by third
stage Styloneuria larvae,

2) Water in which 5 washed three-day-old third stage Styloneuris
larvae had been left for one hour, -

3) Washings of the black fluid faeces formed at the anus of 5 third
gtage larvae in one hour. | |

4) A control cf washings from the larvae used for solution 2.

vSolution 1) Prcduced a deflection of 13 from the zero of feagent:blank.
L 2) b 1 10 n' L n n
3) u . ' n 9 - n u n
4) No déflection (control)

The experiment was repeated and similar results were
obtained.

It thus seems probable that a protease is released from the
anus in the faeces of the third larval stage when this is withdrawn into
the host, and that thils enzyme is responsible for liquefaction of the
host contents which precedes pupation of the parasite. Possibly the
action of the protease is also responsible for the death of the woodlouse.

Such behaviour enables the lerva to utilise otherwise
inaccessible food material even from the appendages and hypodermis of
its host. Almost every drop of fluid is eventually imbibed by the larva

go that it pupates within the completely empty cuticle of its hoste
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6c) Method of Establishing Duration of Larval Instars.

First Ingtar,

Batches 6f ten hosts were dissected at intervals 6fAtwelve hours

after first stage larval penetration of Melanophora, Phytos Plesina and

Stevenia, It was possible, with the first stagevlarvae of Styloneuriz and
E:auenfeldia, which do not fully enter the host before moulting, to observe
the time of moulting yitheﬁt,dissection. Hosts parasitised by Rhinophora
first stage larvae were dissected lessifréquently,’since the first instar

of this gpecics lasts for considerébly longer than that of the other specles.

Second Instar.,

| The duration of this ingtar can obviously bs found by subtracting
the length of the Pirst and bhipd instars from the totel time teken from
penetration of the first instar to fupatipn of the third.
Third Instar. | -

Determination~of.thgyléqgth of the third instar of Styloneuria
larvqe'is relativelyveaéy since the dark gut of the parasite, which can
usually be séén through the host's sternites fﬁcilitates finding its
posterior spiracles which protrude from the host., A4s the posterior end of
the third instar is coggpicuously different from that of the second, the
change from oné té'aﬁgther is ;m@édiately apparent. The duration of the
third inster was takeﬂ‘as bging‘£he iength of time from this change of the
pOsteriorxend, until pupafionxéf the parasite;' With this species, several
| dozen specimens webe'?béetved;,aitﬁough 1itt1e variation in duration
oceurred, - , \i | ‘ |
| In the éecond’éﬁageilarvae of Melanophora, the gut is very pale
and rarely visible fhrpugh the sternites of the host, but sometimes the

posterior end can be seen slightly protruding, and can thus be observed to
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change to third instar. Some twenty parasitised specimens were observed
in this way, |

The second stage larvae of Plesina occasionally proffﬁde their
spiracles between the epimerites and the change can then be observed, bﬁt
although hundreds of host specimens were inspected; only threé such cases
Wwere seen, One method used for finding the change from second to third

instar larvae of Plssina, 5Yevenia, Rhinophora and Frauenfeldia, was to

search througn cultures for hosts in which the parasite could be seen through
the cuticle and the change was then observed. Howover, such spesimens were
rare and often lost their value when the host cuticle logt its transparency
before completion of the parasite second instar,

In the species where the posterior spliracles do not usually .
protrude until the third inster, suspected hosts were continuously inspected
until these appeared, HAs the parasite does not invariably protrude its
spiracles as soon =28 it moults, the longest times observed from protrusion
of gpiracles to pupation, were taken to be most reliable.

It is-almosﬁ impossible to ever see *the second stage larvae of

Phyto through the “hick cuticle of its host Armadillidium, However, it was

sometimes possible to see the posterior spiracles of the second stage larvae
by lifting the host's pleopods. The posterior spiracles of the parasite

are often applied to the thin cuticle beneath these.
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6d) Table showing time in days required for completion of various stageg
in the life history of Rhingphorinae, (ot 25°C))

Spp. Minimum
age at

S. 2-3
M. 0
P. 2-3
Ph, 3
R 3
(200¢)
F. 7
Ste. 5

Key to abbreviations

S -~ Styloneuria
M - Melanophora
P - Plesina

Ph - Phyto

Ovipos~
ition to
oviposition eclosion

W

Duration
of 1lst
instar
after
penetra~
tion,

5

5

3

5
diepause

17-19
6

Minimum Duration Pipation

duration of 3rd
of 2nd instar
instar

20 5
10 ko5
? 477
8 5
2-62 3-57
? ?
3.5 b5

R - Rhinophora

F - Frauenfeldie
. Ste ~ Stevenia

to emergence
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7. HOST SPECIFICITY
Thompson (1934) records the reéults of dissections of 1290
Porcellio secaber, 347 Oniscus asellus, 100 Metaponorthus pruinosus,and an
unstated number and, therefore, presumably few Ligia oceanica, Philoscia

muscorum, Porcellio dilatatus, Cylisticus convexus and Armadillidium

vulgare,
He found Dorccilio scaber to be parasitiséd by six species:~

.
Plesgina maculata, Styloneuria discrepans, Frauenfeldia ru%ﬁ;_cosa, his

species & (Rhinophora levida), Phyto melanocephala and_ Melanophora roralis

in thet order of commoness and although from some localities only small

nunbers were dissected, Porcellio scaber were parasitised in 13 out of

the 15 localities,

In Oniscus asellus he found 11 out of 151 specimens parasitised

by Styloneuria discrepans or Plesina maculata in one locality (from which

he alsc collected a large number of parasitised Porcellio scaber) but in

the other 8 localities from which a total of 196 Onigcus were dissected,
none was found to be parasitised,

The only other species of woodlice from which Thompson

obtained a parasite was Meteponorthus pruinosus. From 16 specimens
collected in France, one Cyrilla agugustifrons was dissected although a

further 84 dissected from 2 localities in Britain ylelded no parasites,

Thompson was also awere that Donisthorpe (1908) had reared FPhyto melano-

gephala from Armadiliidium vulgare.

On the basis of his results and evidence that Cercarea larvase

of the same species were found in Oniscus and Porcellio, a Coccidian in

Poreellio, Oniscus and Philoscia, and Echinorhynchus larvae of the same
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were diseected from P,secaber, A. vulgare and Philoscia muscorum,

Thompson (1934) suggests that "the dipterous parasites of woodlice could
develop in individuals of almost any terrestrial isopod and that the

prevalence of most species in Porcellio scaber and_Oniscus agellusg is due

principally to the fact that these speciez live under conditions
favouring the attack of dipterous parasites", This statement is made
despite the fact that later, he mentions that the larvae of Plesina
maculata and Styloneuris discrepans found in Oniscus asellus are more

frequently surrounded by phagocytic envelopes than in Porgellio scaber.

Hesults from the present work lead to conclusions which are
in opposition to those of Thompson.
7a) Field populstions

In all,23,184 woodlice have beehvdissected from many diverse
habitats and 2,482 parasites have been recorded from these, (see tables

of the appendix).

Summary of the results of digsections of differen’ species of woodlice.

No. of woodlice dissected No. of parasites found
17,055 Porcellio scaber 1,653 Plesina '

411 Siyloneuria
218 Melanophora
90 Ehinophora
39 Frauenfeldia

2 Phyto

2,677 Oniccus asellus 14 Plesina
11 Styloneuria

1,758 Armadillidium vulgare . 35 Phyto

117 Porcellio rathkel 9 Stevenia
516 Meteponorthus pruinosus 0
383 Philoscisa muscorum 0

212 lLigia cceanica 0
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No. of Woodlice dissected No. of parasites found
( Conbinned) '
187 Meteponorthus cingendus 0
100 Armadillidium depressum 0
53 Cylisticus convexus 0
26 Porcellio laevis 0

‘In the present set of dissections, out of the seven parasites
recorded from woodlice in Britain, Stevenia atramentaria has only been

found on Porcellio rathkel (a previously unrecorded host of Rhinophorines;,

Phyto melanocephala has only (with the exception of two second stage

larvae found in P.scaber) been dissected from Armadillidium vulgare, and

.
Rhinophora lepida, Melanophora roralis and Frauenfeldia ru?@cosa have

not been taken from any species except Porcellio scaber. The remairing

two species, Styloneuria discrepang and Plesina maculata, while normally

found in Porecellio scaber were occasionally present in Oniscus asellus,
Other species of woodlouse which have been dissected are
Philoscia muscorum, Porgellio laevis, Iigia“oceanica, Cylisticus convex-

®us, Meteponorthus pruinosus and Meteponorthus cingendus, No dipterous

parasites were found in these élthough in many cases they were fbund
living in the same habitat end often in the same microhabitat as
parasitised Pércellio gseaber,

Results of dissections relevant to observations on host
gpecificity are found in tables of the appendix., As can be seen from

these, when Onigcus asellus has been collected from habitats where few

or no Porcellio scaber parasitised by either Plesina maculata or Stylon-

euria diserepans are present, it is extremely rare for Oniscus to be
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parasitised. When Oniscus is found living with Porcellio parasitised
by either of these two species, generally a comparatively low percentage

of parasitised Oniscus are also found, From this it cannot be concluded

that Oniscus is a successful host to these spécies since most parasites,
gven at the tims of colilection, are usually heavily encapsulated and

moribund and,alticugh cultures of Oniscus parasitised by both Plesina

e ata and Stuyvioneuria diserepans have been kept in captivity, no
cingle parasite has éver been found to survive longer than the second
instar,

hus when 100 Oniscus from a population at Beddington Park (id)
(of which 25% were parasitised by _Plesina) were kept at 25°C for 3 months,
it was found on disssction that all parasites had been heavily phagocytised
and killed in the 2nd larval stage, despite the fact that Porcellio scaber
collected at the same time from the same habitat produced the expected
numbers of parasites within a few weeks.

Similarly, 250 Oniscus from Woolwich from a population with
gbout 5% parasitism, when dissected after 10 weeks at 2500 were found to
contain only dead encapsulated Styloneuria larvae at stage two. In b;th
these cases, however, the larvae had reached about three quarter full size
before belng killed,

On other occasions (see appendix tables) other species of

woodlice, particularly Onlscus, have been found intermixed with Porcellio

scaber which was parasitised by Melanophora, Rhinophora and Frauenfeldia,
and yet none of these species has been found in any host other than

Porcellio scaber.

Thus when Porcellio seaber {ususlly well parasitised by

" is found beneath rocks on the sea shore it is often accomp~
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anied by large numbers of Ligea oceanica which show no trace of parasitism.

With regard to Phyto melanocephala of which Thompson (1934)
found 13 from a total of 1,290 Porcellio scaber, I, however, only found
two specimens (2nd stoge) in all of the several thousand Porcellio iscaber
dissected. This is despite the facg ggm some habitats (9, 11, 1.8,?' 50,-
55, see tables of the appendix) fror}l which a total of 483 Pascaber were
dissected, the P,scaber were actually mixed with parasitised Armadillidium,
Experimental results given‘below further indicdate that P.scaber is an
‘unsui'bable host for Phyto. In the above examples it should be noted that
parasitised by other species none of which were present in Armadillidium.

Apparently the only record of_Stevenia atrementaria being

reared from a wcodlouse host is that of V.Roser (1840) who records a
"Pachinis! atramentaria as being reared from a woodlouse uncertainly

identified as QOniscus asellus, However, many hundreds of Oniscus were

dissected from many localities néar Belvedere and Abbey Wood (the only
arcas cited for this rare parasite in keys and British museum collection),
and no parasites were obtained., Eventually when the parasite was found

in Porcellio rathkei from Cliffe (Kent) and two other areas nearby, several

hundred Oniscus from the same habitat were dissected without a trace of
the parasite ag were similar numbers of Porcellio scaber with which

Porcellio rathkei were mixed under bark of logs; (see tables of the appendix)

7b) Infection Experimentss

Melanophora larvae have been used to attempt infection of

Oniscus asellus, Porcellio rathkei, Porcellio laevis, Porcellio scaber,

Ligia ogeonica, Cylisticus convexdgpus, Philoscia muscorum and Armadiliidium

vuleare,
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Batches of 50 hosts were used exc’ pt Gyeisticus of which only

15 hosts were available,

Experiments on Oniscus, Armadillidium and Philoscia have been
repeated with lesser numbers (20) several times.

In Porcellio gcaber, the normal host of Melanophora in the
field, penetration is only affected when the host has recently moulted
and so in the other species of woodlice larvae were put onto the hosts soon
after moulting.

Apart from Porcellio scaber, Cylisticus convex¥sus was the

only other species in which Melanophora was able to complete its life

history. Puparia were formed in 2 out of the 15 specimens of this species
infected.

With Philoscia muscorum the parasite was able to enter some
specimens quite readily even some days after moulting of the host had taken
place, and the parasite developed into the 2nd instar. At this stage,
however, it was found that the parasite usually became moribund, and its
growth stunted., In all ceses where the parasite had entered, the host
died within two weeks although other unparasitised Philoscia in the
same culture survived.

As with Porcellio scaber, larvae were only able fo enter

P.rathkei and P.laevig when these had recently moulted but in these hosts

all larvee were killed by encapsulation soon after moulting into stage 2.

Larvae made no attempt to enter even small specimens which

had recently moulted of Oniscus, Armadillidium or Ligia, and so larvae

were introduced artificially by removing & leg and inserting them through

the resulting aperture. (If even a small hole is made elsewhere the
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woodlouse bleeds to death, but it can control bleeding from the base of
the leg), The larvae so introduced were encapsulated and killed before
reaching the second stage. |

Styloneuria larvae while they do not usually attach themselves
to other specids of woodlice besides Porgellio, occasionally become
attached to Oniscus and if the host moults soon afterwards the larva
penetrates and the second stage later enters., As described earlier,
however, the 2nd stage larva ig eventually encapsulated and dies before
reaching the 3rd stage. When Styloneuria larvae can be persuaded to

attach to Armadillidivw Philosgcia, Ligia or_P.rathkei, however, they do

not remain in a contracted condition waiting for the host to moult, as
in Oniscus and P.scaber, but readily migrate back to the substrate or onto

P.scaber if this is present. Although when first stage larvae of Stylon-

euria are experimentally introduced into these other species they are
ki;led by ‘;vl;:g:;;:;e;j this is not significant since this also happens
when they are so introduced to their normal host E.8caber,

Phyto first stage larvae would usnally only attach themselves

to Armadillidium vulgare, but when they do attach to P.scaber or Oniscus

asellus they somersault about on the host presumably because they are
disturbed by the host's movements, and eventually migrate onto the
substrate. de hundred Phyto lervae were left with 100 P.scaber in
culture but when these woodlice were dissected one week later not a

single larva was found to have enteréd although when Armadillidium is
present all the larvae enter. However, when 100 Oniscus were each
supplied with a single Phyto first stage larva, about one quarter of these
woodlice became infected. Second stage larvae developed but were

finally encapsulated and killed and no third stage larvae were produced.
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Stevenla atramentarla presents an interesting case of host

speclficity in which it was found that specimens of P.rathkei are

vulnerable,tq attack by this parasite no matter at what stage of. the

moulting cycle the host is, Larvae of Stevenia wounld only attack

P.scaber and QOniscus asellus when these had recently moulted. This is

possibly because P.rathkel has ahconside;ably softer cuticle than the
other two species. Also the pa¢asitg;qid»nqtﬂrgatript_itself-to the
anterior right leg base as it_doeS,Wiﬁh_Pyrgthkeibui1entered any leg
.,ﬁbaSé:ﬁhgn“attgcking Porcellio or Oniscus.

After entry into either of these two.species, the parasite
was found to be killed by phagocytesfquring,the,first»inStar and before
it had grown to any. extent.

.. . This evidence togetherkwithmthgt,given,above_indicates

that the woodlouse from which V.Roser (1840) rearel Stevenia atramenteria

was probably wrongly identified as Oniscus asellus. It should be,

mentioned that when dead, P.rathkei locks.very.like Oniscus because its

pseudotracheae are then obscure while the-patterning on the dorsal

surface is very similar.

Conslugions

While not.all species of these .perasites have been tested for
host specificity,. experiments on those that have, together with evidence
from field indicate that generally the Rhinophorinasare strictly host
specific by virtue of_their_ghysip;ogipal,incompatibilitgg lack of
attraction by any other than the usual host, as well as by barriers

presented by differences in habitats of the hosts.
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8. EFFECT OF PARASITISM ON HOST,
8a) Effect on Host Reproductive System, |

In his paper on these parasites, Thompson (1934) records
that parasitism has a marked effect on host ovaries and suppresses the
formation of oostegites. He was unable to find any change in the |
internal or external characters of parasitised male woodlice.

The ovaries of overwintering female woodlice are 'bhiék,
divided.into distinct clear cut areas representing the ovules which .ai'e
yellow or whitish and opaque owing to the presence in the egg cells of
large masses of fat or yolk globules. Thompson (1934) states that "in
perasitised specimens the ovaries are usually thin and flattened and
more or less transparent owing to the absence of fat globules, As the
parasite larva develops, the ovaries become more and more transparent.
until eventually they become practically invisible in situ" and Ythe
ovary appears often to be partly empty containing only scattered ovules,
usualJ.y circular insatead of polygonal in form, and with transparent
cy'toplasm" Thompson considebed the reason fur this degeneration to be
that the parasite 1ma requires a large amount of fat for its development
and draws on the supply of fat contalned in the ovaries. | |

These obgervations are supported by the presen'b work J8lthough
it was found that the degree of degeneration differed considerably from
one individual host to another and was also depesnd‘a.n'b upon the species of
parasite presento | |

Thus ’ female Porcell;o scaber paramtised by Ples:.na usually
have almos‘b completely developed ovaries even when 'bhey are heavily superj: .
pa.rasitlsed. Although the eﬂéerare a 1itt1e more disordered than
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usual, they are full sized thick and opaque. Within the ovary an
occasionalfgéai% appeafs to be disintegrated, but no other difference
appears to exist,

At the other extreme,hosts parasitised by Rhinophora,
Frauenfeldie and Siwvenia have, almost completely "degenerate" ovaries,
In the two species which infest only small woodlice even uninfected |

woodlice have poorly developed ovaries, With parasitism by Styloneuris
and Melanophora the host ovaries are usually almost completely

degenerate from early infection omwards, but occasionally hardly
&ffected. The ovaries of hosts parasitised by Phylo vary from complebe
degeneracy o belng aimost unaffected.

On the basis of this evidence vtogether with information
obtained on the time of parasite_entry, a theory can be suggested as
to what happens tc %he ovarics after parasitism, Thompson (1934)
considered that “he g&&i:; were usually fully developed at the time of
entry and then bscame gradually more and more degenerate as the parasite
absorbed more and more fats

This does not really account for the lack of ovary

degeneration in hosts parasitised by Plesina even when these are super-
parasitised, or {or the very great variation in degree of degeneration
caused by other species of parasites.

I cuggest that the state of the ovary during parasitism
depends mairily upon the state of ovarial development at the time of
parasite entry. The parasite suppresses development of the ovary by
absorption of fat from the blood and perhaps causes only a little

actual degeneration,
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Melanop’ hora. and Styloneuria larvae enter only just after
the host moults. Ag moulting of the f'emale host is 11nked with the
reproductive cycle Heeley (1941), & moult ocenring just before liberation
of the eggs into the brood pouch and just after liberation of the brood,
it can be seen that these larvae normally enter the host when the ovar{es
are comparatively imdeveloped. ‘Woodlice dissected soon after entry of
these species have degenerate ovaries and it must be assumed that the
ovaries develop only a little and irregularly after entry, This would
explain why ovaries | of hosts parasitised by Melanophora end Stxlgnepria
are similar to ovaries of woodlice which have recently liberated egés into
the brood pouch, The former differ from these in being dlsorganised and
with a few ovules partially developed e.nd others not so. The occasional
host parasitised by Melanophora and Styloneuria which has almost fully
developed ovaries was probably infected during one of the less common
moults which was not part of the breeding cycle., When host.s are paraei—
tised by Rh:.nophora, Freuenfeldia or by second generat:.on of Stevenia,
they are :.mmature and the development of their overies is suppressed by

’ahe présence of t.he paras:.te. First generet.lon of Stevenia pa:rasitise
large females with brood pouches and these thus have orve:cies containing
undeveloped eggs at the “tine of penet.ratlon.

‘ ' The vari.at:.on of ovarial developmen‘b :Ln lm;}_lgld;m mg._g__
females parasi.t:.sed by __y_t_g_ 1e.rvae is probe,bly related ’oo the faot that
t.hese lervae can enter at any time during the breeding cycle. ‘_

. Plesina larvae oocu.r in ‘bhe field during early Ju.ly when
ost gc_a_beE have f:.nished w:.th their flrst brood and have we]l-developed
| ova.ries preceding productlon of the Becond brood s and again in September

when the second brood is f:.nished and 'bhe ova.ries are again developed
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Heeley (1941L '

- It would thus seem that the Dipterous parasites, while
capable of. suppressing ovarial development do not actually cause much
‘deg‘enerati'on a8 was suggested by Thompson (1934).

In woodlice infected by other parasites such as Asantho-
cephala and also bacterial parasites, the ovaries were also found ’jc.o be
"degenerate"? but it is probable that the hosts becbme infected whén
they are most vulnerable, i.e. just after moulbing. | |

Lis ghown by- Thompson, no oostegites are produced ’by
parzisitised females although parasites are, of course;, found in ho‘sts
with postegites if«the former entered after the ho_st moult pfoducing
'these; | |

On no occasion has a parasitised female woodlouse been
found wiﬁh sperm within her spermatheca, although the spermathecae of
most adult non-parasitised woodlice do ¢mtbain conspicuous deposits of
8perm. Thus secretion of hormones respohsible for mating behaviour is

probably inhibited by parasitism,

8b) Effect on moulting of Host.

The only pre-ious reference to any effect these parasites
may have on the moulting of their hosts is found in the paper by Thompson
(1934). Here the author merely states that "moulting may be somewhat
delayed by the feeding of the parasite larval,

The situation is somewhet more complex than this and varies
according to the species of parasite. When Porcellio scaber is
parasitised by non-diapausing Styloneuria larvae, moulting of the host ‘

and the formation of white calcareous patches which precedes moulting



156
rarely tekes place. In the few hosts which do moult, this coincides

almost exactly with the moult of the second instar parasite larva into

third instar,
Three hundred Porcellio scaber of which about 15% were

parasiti_sed by Styloneuria were collected from a Woolwich garden during
January 1963. Tl"xey were each marked along their dorsal surface with a
stripe of white paint., After three weeks at 25° G, 220 of them hed
moulted, These were dissected but none contained parasites. After
another week, a further 25 had moulted and were dissecbed. Mo of these
contained perasi'be larvae in their third instaro Foriy-four parasite
pupae wera formed during the next two weeks and all these were within
weoodlize which were still marked, i.e. Which had not moulted.

L further fifty P.gscaber were parasitised in the laboratory
end then marked. Forty-four of these parasites pupated after four to
five weeks at 25° C without the host moulting, bub moulting occurred in
the other six before the parasites pupated. In these specimens the
lMae were observed to change to third instar within one to two days.
Unparasitised Porcellio scaber moulted every 2 to 3 weeks,

When 500 P.scaber containing Sty_-loneurla larvae were
collected during O\,tober to November 1963, and kept at 259C, most larvae
did not pupate for 2 to 3 months. However, moulting of the hosts with
these dispausing iéi;\‘fae was not completely suppressed and took place
after four to five weeks,

No suppression of moulting was found in P,gcaber infected
by Melangphora,and Lrmadillidium vulgare infected by Fhyto., _Melanophora
larvae enter the host just after its moult and usually pupate 18 to 22

days afterwards (at 25°C). 1In over a 100 merked Porcellio perasitised



157
by Melanophora, it was observed that moulting of the host approximately

coimcided with the moult of the parasite from second to third instar and
pupation of the parasite took place 4 to 5 days later. Phyto enters

frmadillidium during any stage of the host!s moulting cycle, However,

from a limited number of observations of this aspect (30 parasitised

and morked Armadillidivm) it seems that pupation again takes place just

a few days aftér moulting of the host so that the duration of the second
ingtar varies from 2 to 3.5 weeks and depends on the stage of the moult-
ing cycle of the host at the time of larval entry.

Jo pignificant effect on moulting was observed in hosts

parasitised by diapansing larvae of Plesina, Rhinophora and Stevenia,

From these obgervations i can be seen that only non-

diapausing Stylounearla larvae effect hest moulting significantly, but in

Phyto and Melanophora there is a oclose coincidence in mouwlting between
moulting of host and parasite,

It is possible that the host moulting hormone in some ways
permeates the larval parasites and induces the final larval moult,
Knowles and Garlisie (1959) state that Skinner and Carlisle (unpublished)
have found that the insect moulting hormone is active in Crustaceans,
and that the Crustacean moulting hormone promotes moulting in insecte,
Karlson (195} has found the empirical formula of this hormone to be
C18H3004s the unpolarised structure of which would facilitate passage
through a lipoid membrane.

The length of larval instars of Styloneuria are longer

than the normal period between moults of Porcellio scaber and may have

" evolved some suppressive factor which stops the host forming the

moulting hormone before the parasite larva is itself ready to moult,
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If it was just a matter of the effect of a parasite
feeding within it which suppresses the host moult, -it. 15 difficult to see

why no suppression occurs with Melanophora and_Phyto larvae, which

‘complete development in half the time of those of Styloneuria.
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9. RELOCTIONS OF HOST TO PLRASITE.

Tiompson (1934) in writing about "the phagocytic reaction
of the host" in his paper on "The Tachinid Parasites of Woodlice" gives
_only a little information on the reactions of woodlice to their dipte-
rous parasites, but expoundsAhis theory "that phagocytes do not in actual
fact possess any inheremt disposition to atback invaders®". He considered
that "the accumulation ot phagoeytes around a parasite indicates either
'that it is attached to a tissue in pathological condition or is itself
in an unhealthy state", This statement is made despite mention that
Wlervae infesting Oniscus agellus seem to be more frequently and more

thickly coated with phegocytes than those infesting Porcellio acabur®

- and that larvae in Oniscqus often have a rather unhealthy appearance, and
moy even be dead,

This theory first proposed by Thompson (1930) is now almost
entirely diséredited. Besides the exlstence of a formidable amount of
circumstantial evidence showing that death of some parasites is due.to
defence reactions - Strickland (1923), Meye. (1926), Paillot (1928),
Lartschercko (1936), Boese (1936), Bass (1939), Schneider (1950),
Muldrav (1953) and Walker (1959) - (all quoted from Salt 1963), the
considerable amcunt of experimental data obtained by Salt (1956, '57, 60)
provides conclusive evidence that death of at least some insect
parasites i1s caused by encapsulation.,

During the present work, it was found that the reactions of
woodlice hosts to thelr parasites are usually conspicuous only when the
perasite is in an unusual host although in certain circumstances there is

a considerable reaction by the ﬁormal host to its parasite,
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9a) Reactinn of Usual Host.to its Parasites
While the great majority of tachinid maggots in their
second and third instars are partly or wholly smidoped in a haemoeytic
shesth by their usual hosts (Salt 1963) this is not true of the dipierous
parasites of woodlice, | .
Thompson (1934) states that "the larvae of dipterous

parasites of woodlice appear to pass the greater part of‘their axistencs
in an "integumental sheath" formed by an invagination of the cuticula
and epithelium of the body wall around the posterior extremity of the
lavval, Salt {1962) quotes Thompson (1934) as saying that accumulations
of haemocyoes commonly occurred around maggbts in their delicate
respiratory shsath, This latter statement may give the impression that
the whole parasite larva within the woodlouse is completely or almost
completely strrounded by a respiratory sheath as is found around the
second and third stages of most btachinid parasites of insects. In fact
only the last anl sometimes part of the second to last segment of those
larvae which maintain a respiratory comnection with the exterior, are at
all enclosed, The rest of the larval body usually remains completely free
of any kind of sheath. ALrournd the base of larvae with an external
respiratery conneztion there is often a slight accumulation of
phagocytes and often, but by no means always, the integument of the host
also invaginates and grows around the base of the larva for a short
distance forming a short integumental fumnnel proper which is quite thick
though transparent, Thompson refers to this both as an integumental
fumnel and an integumental sheath, but the word "integumental® clarifies

his viaw as %o its origin. Nielsen (1909) distinguished clearly bhetween
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fumel and sheath .and it is now gernera.lly egrecd that ~!-hs 'berm "funnel"

be applled to the structure formed by the ep:n.dermal cells of the host and
Mgheath" reserved for a structure formed by the blood of the host (Salt
1963).

With larvae which do not usually have a respiratory connec-

tion with the exterior such as Plesina, Frauenfeldia and Rhinophora,

there is no respiratvory funnel for most of the larval life although there
often is one for a short time after the entry of the parasite when a
respiratory connectvion with the exterior does exist. It thus seems that
the usual woodlouse host may often have no reaction at all to the parasite,
Phagocybes around the base of the larva probably accumulate around the
host's wound, while formation of the respiratory funnel may be a cuticular
ingrowth resuliing from injury and persisting as the ingrowing edges of
cuticle fail to meet because they are forced apart by the posterior end
of the parasite.

While there is normally no other reaction to the parasite
by the usual host, partial or total encapsulation by phagocytes does
sometimes occur. Thus when first stage larvae are artificially
introduced into their normal host, they are rapidly completely and thickly
coated with phagocytes that kill the parasite within a day or so. This
occurs ewen if the first stage larva is pushed deeply into the
haemocoele and well clear of the wound. Normzlly when first stage larvae
enter naturally, there is no accumulation of phagocytes except just around
the wound made during entry, although Frauenfeldia first stage lorvae are
occasionally lightly encapsulated enteriorly,

Superparasitism often leads to suppression of larvae du.ring

the early second instar by other larvae especially in Plesina, The
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suppressed larvae die and become opague although usually there is no

sign (such as scars) of sotive cannibalism. However, unlike almost all
Tachinid larvae which die within their hoste these dead larvae remain
completely free of phagocytes (see plate 7)., When t'wo. or more well grown
second instar larvoe occur within o host they often bite when they can
reach one another, and although this does not usually lead to the dée:bh
of either larva, there is often a large collection of phagocytes about
the wounded areas (see plate 7), These phagocytes do not appear to have
an zdverse effect on the larvae, .

When the larvee of Melenophora are introduced onto freshly

motlted Porceilio scaber hosts of length greater than 13 mm, they are

able to enter the host readily ond they moult into the second stage lsrva
which commences to grow normally., However, as the second stage larva
continues to grow in such a large host it often becomes heavily
encapsulated, particulaorly around the head region and it is sometimes
killed. Such instances are recorded from insect hosts where Meteorus
Stricklend (1923) and Hyposoter Puttler (1961) are encapulated in old but
not in young hosts. As the larvae cannot easily reach and attach them~
selves to such large hosts, this probably does not happen frequently in
the field.

When quiescent, Porcellio scaber containing diapausing

Plesina larvae are brought into warm conditions, encapsulation of the
larvae begins within a week or so, usuelly starting around the head
region and probably suppressing feeding. After a few weeks, the larvae
are often very thickly coated with phagocytes, and it seems probable
that these are capable of finally removing all traces of the larva, Thus

several hundred P.scaber of which at least thirty per cent were parasi-



163

tised by Plesina collected during December and Jenuary 1963 - 64 - 65

yielded only oné or two puperia after being kept in culture for several
weeks and when all these remaining woodlice in the culture were
dissected not a trace of any parasite could be found,

With Melanophora and Styloneuris this does not occur
probably because diapause in these species is not so strong as in Plesina
and neither does this occur in Phylto since this species does not appear
to diapause.

Phyto second stage larvae are, however, sometimes killed
by their normal host irmadillidivm vulgare. When this species of wood-
louse is collected frombthe field and dissected, it occasionally con'i;ains
a full grown second stage larva which is dead, with its cubticle uniformly
blackened. This is frequently found in insect parasites and it has been
shown, Eckstein (1931), to result from melanisation. When Armadillidiug are
parasitised by Phyio in the laboratory, the initial cultures are often
very highly parasitised and sometimes over £ifty per cent of the hosts
yield puparia., However, when the remaining hosits are again infected, the
percentege which yield puparia is very much fewer (10 ~ 20%)., Dissection
of the remaining hosts show that these contain a very high proportion of
dead melanised larvae. It is possible that some genetic strains of
Lrmadillidium vulgare do kill the paiasite while others do not, as was ‘
found, Muldrew (1953), in the usual host of Mesoleius and by Walker (1959)
with the usual host of PM.

I {eradillidim does not encapsulé.te larvae dead or alive
with phagocytes as does Porcellio scaber, and melanization was not observed
within Porcellio gcaber, No reaction of the usual host was observed to

nfeldia, Rhinophora or Stevenia,
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Nematodes and Egﬂgog. hynchus larvae, occasionally found in
Porcellio scaber were never encapsulated, nor were Echinorhynchus léwae
encapsulated in Aymedillidium vulgare. "
Reactions of Unusval hogts to parasites.

4s might be expected there is usually a eonsiderably greater
reaction by unusual hosts to these parasites. From the field, apart from
the usual hosts, only Oniscus asellus was ever found parasitised and then
" only when it occurred intermixed with Porgellio geaber and the latter was
parasitised by Plesina or by Styloneuria, The second stagg larvae of these
species within Oniscus were almost invariably encapsulated at least
partially, and usually dwarfed, unhealthy and sometimes dead, This vas

found even when the Oniscus were collected during the early winter. When

parasitised field Oniscus were kept in culture, periodic dissections
revealed that the second stage larvae of the parasite finally become come
pletely and thickly encapsulated and invariably died before reaching the
third instar,

Salt (1963) considers that "the immediate cause of the death
of encapsulated larvae appears to be suffocation', but this may not be
the only factor with the parasites of woodlice, Death ocecurred even in
Styloneuria larvae, which maintain a respiratory connection with the
exterior and larvae become unhealthy while only a small proportion of body
surface was encapsulated,

Frequently encapsulation was found to have commenced
around the head region of the_ larva and it is possible that this may
greatly impair the feeding ability of the parasite and thus be at least

partially responsible for its death,
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It is most prohable -'Eh__at—engapsulation is the cause of
death of larvae w1th1_n Oniscp.s. It was notA possible to prove this by
stripping the haemoeytes from larvae and injecting them into their

usual host Porcellio scaber as was first done by Saelt (1956) with

Nemeritis larvae, since the woodlice die from the wounds impaired in
introduction of the parésite. |

When larvaec were induced to infect other species of unusual
woodlice hosts, they were usually killed by complete encapsulation during
their first instar, Thus when Melanophora larvae infected cultures of

Porcellio rathkd, P.laevis, Metaponorwchus pruinosus, M, cingendus, Ligi

gceanica and Oniscus asellug, they failed to reach second instar. Howevers
in Cylisticus convexsus larvae were not encapzulated and reached pupation,

In Philosecia muscorum, larvae reached second instar without encapsulation,

but these hosts died soon afterwards containing second inster larvae which
‘were usually not at all encapsulated.
Stevenia larvae which entered Porgellio scaber and

Oniscus asellus, invariably died during the first inster, but were not

heavily encapsulated. Only a thin film of haemocytes surrounded the dead

larvae,
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10, MULTIPARASITISM /ND SUPER PARASITISM.

10a) Multigaraéitism

There is no previous record in any aspect of multiparasitism
of woodlice. |
Despite the many thousands of field woodlice dissected,
only a single specimen was found containing larvae of more than one

gpecies of paresite., 4 small female Porcellio scaber from Bromiay, Kert,

wag found to contain s large second stage larva of Melanophora and a
sacond stage larve of similar sizé of Plesina. (see plate 6}, Both
lorvae were complebely healthy in appearance and despite the fact that
they were witﬁin eacy reach of one another, neither had any scar marks,
That only this single instance of multiparasitism in the
field has been found is not really extraordinary even though first stage
larvae cannot discriminate between parasitised and unparasitised hosts,:
Most woodlouse populations are parasitised by only one
species or if by two, one species parasitises large hosts and the other
small ones., Usually parasitism by all species except Plesina is less
than twenty per cent, and when two species of parasite are present in a
population percentage parasitism by the less common species is considér—
ably less than this. Further, with Styloneuria and Melanophora, which
rely on host moulting for larvael penetration, unless larvae of two of
these species are in the habitat at about the same time, they will not be

able to enter the same host.

gggerimental
a) Hanging dro eriments

Various combinations of different species and different
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stages of larvae have been left together in hanging drops of woodlouse

blood in order to determine whether act:n.ve cannibalism takes place readily,
Appro;d.mately 042% penicillin was included to decrease bac'berlal infection
of the blood -

4 small drop of 0. 2% penicillin solution was added to a
clean 2 mm square cov erglip and allow_ed ‘to dry and then a drop of woodlouge
blood of approximately the same volume was added to this, The blood was
obtained by a sterile, finely drawn cut pipette which was dipped into the
woodlouse haemocoéle after removal of a leg. The blood, after entering
the pipette b'sr ceﬁpi]lary o.c*‘.;i.oh.'ﬁés' séuiéezed out into the coverslip, and
the larvae were. tnen acced, Tize covérslip was then inverted over a cell
of damp blotting paper on a slide and the whole slide put into a glass
petri dish with a flcor covering of damp filter paper. The hanging drop
was not allowed to contract the blotting paper cell and nelther the cell
nor the filter paper were excessively moist. In this way the hanging drop
neither tended to evaporate nor to absorb moisture from the surroundings.
Generally it was possible to maintain the larvae in a healthy condition
for at least three days, bubt owcasionally fungus infection set in,
L1though various concentrations of Nipegin were tried to combat the fungus,
these were either insufficiant, or they killed the larvae,

Only those larvae which have Porcellio gcaber as their usual
hos’$ were experimented with: of the ten possible combinations of two
different. first stage larvae, eight were tried. First stage larvae of
Fravenfeldia and Rhinophora, and Frauenfeldia and Plesina were never
avaiiable at the same time. No cannibalism oeccurred in the hanging drops
in three days in any of the other pairs of first stage larvae, although

at least five sets of experiments were done with each pair., Generally



169
two or three first stage larvae of each species were included in each

hanging drop end they were orientated to :be within easy reach of the
other speciés. That the larvae were usually active in the hanging drop
was seen by their active feeding which greatly increased their size iy
most cases. Melanophora larvae retrieved two or three days after i;nfeci;'.-—
ing hosts were actualliy able to moult into second stage larvae when: left
in hanging drops for two or three more days. Each of the four other

species of second stage larvae were left in hanging drops with numbers of

e g e’

Melanophora or Siyloneuwria first stage larvae; Rhinophora first stage

larvae were left with Melemophora, Shylcneuria and Plesine secord stage

lacvae, anc Fravenfeldla first stege larvae were lefd with Plesina second

stage. However, in none of these cases was cannibalism observed.

The sesond and third stage larvae, Plesina, Melznophora
and Styloneuria were ecach tried with one another without results. It is
quite probable that third stage larvae, at least, change their behaviour
considerably with age, but unfortunately no distinetion was made between
ages in these experiments,

Ls these experiments produced only negative results, they
are very inconclusive especially since it has been found from field
dissections that ca;miba.lism befween second stage larvae of at least
the same species does o.f'ben occur, although it was not possible to observe
this in hanging drop experiments. |

While no attempts at camnibalism were actually observed
in the experiments it is possible that they were in fact made but were
not successful because the whple larva was floating freely in the blood
instead having 5. fixed posterior end as within a host., Hanging drops

also present another artificial condition in that oxygen content of the
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drops probably remains relativeiy high and ecarbondioxide content low;

If either reduced oxygen or increased cerbon dioxide in the host blood,
produced by supéf‘pr multiparasitism, promotes cannibalism, then this
would not occur in hanging drop experiments. On the other hand larvae in
& hanging ‘drop do not have their posterior spiracles ipc.ontac{'; with the
air and so may be suffering from lack of oxygen and hence may be legs

active,

Host Imfection

Relatively little experimentel infection by different
species of thelsame host; have been attemptedvbecausé of the difficulty
of obtaining large numbers of larvae of different species at the same
time, However, it has been relatively easy to get iarvae of Melanophora
and Styloneuria and to infect the some host at the same time and to infect
hosts contelning Plegina second stage laxvae with Melanophora and Stylon-
euria larvae, and those containing Rhinophora first stage larvae with
Melanophora larvae,

4t least two dozen freshly moulted hosts with first stage
Styloneuria larvae in the process of entering, were each successfully
infected with a single Melanophora larva,

Lfter four, eight and twelve days, four hosts wers
dissected in each set. In all cases both species of larvae were found
to be developing normally and no sign of capnibaliSm or physiological
suppression was observed, However, after a period between sixteen and
twenty two days at 25°C, in all but three of the remaining hosts
MeianophofaApuﬁae were formed, When the remaining three were dissected
only Styloneuria second stage larvae were found, and there was no
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apparent trace of Melanophora larva, presumably because these had never
succeeded in eritering. |

| Whi'ie the numbers used for this experiment were very limited
it appears that because of the shorter time réquired for their development,
'Mela.nophora larvae are able to dominate those of Stvloneuria, While j.i'b
is unlikely that any cannibalism occurred between the second stage larvae,
the third stage larvae of Melanophora may have cannibalised the second
stage larvae of {iyloneuria, However, though no dissections were made in
order to determine this, it seems more likely that the Melanophora third
stage larva Just comvinue to develop and kill the second stage §_t1];oneuria
by 'che secretlon of Lhe protease wh:.ch digests the ins:.de of the host.
Such a situation often occurs when hosts are superparasitised,

Similarly, a culture of about fifty small Porgellio which
had beéen infected with Rhinophora larvae, were infected with Melanophors
larvae after each of thg hosts moulted. Lfter ten days at 259C half of
the culture were dissected and eight were found to contain both Rhinophora
first stage larvae and Melanophora second stage larvae, (The rest
contained no larvae on either Rhinophora or Melanophora larvae alone
because double infection had been unsuccessful.) In none of these cases
was either larva apparently affected by the presence of the other. The
rest of the culture was kept at 25°C and threc weeks after infection
fourteen Melanophora puparia were formed and on dissection, the rest of
the culture was found to contain either first stage Rhinophora lervae, or
no parasites at all. Once again it appears that Molanophora larvae
successfully dominated those of w probably because they develop
more rapidly (Rhinophora larvae undergo an initial obligatory diapause),



172

Several Péfééllic_i oultures-collected from the field in-
December to February 30 = 50% parasitised by Plesina larvée; were infected

by Styloneuria snd Melanophora larvae when the hosts were at a suitable

stage in the moulting cycle. Dissection of some of these woodlice showed
that no cannibalism occurred between the first or second stége larva of any
of these species. After Melanoghora and Styloneuria puperia were p:}oduced
from the cultures, . the remaining woodlice #ere diséected and found 'to
contain either no parasites or only Plesina with no trace of either

Melanophora or Styloneuria larvae.

10b) Superparasitism,
No instance of superparasitism of woodlice by their

dipterous parasites has been previously recorded in the literature although
in the field superparasitisn by some species is not rare.
Field observations.

Superparagitism in the field was not observed in Stevenia
or Phyto, and only in a single instance in Rhinophora and in Frauenfeldia.
However, since in the field percentage parasitism by any of these species
rarely exceeded ten and since comparatively low numbers of woodlice
parasitised by them were examined, mary records of superparagitism were
not to be e;cpected.

Only about two dozen field Poreellio superparasitised by

second stage Styloneuria were dissécted. Three of these woodlice contained

three parasites and the rest only two. Where only two parasites were
present in one host both parasites were usually well developed and of a

similar size, although often where one parasite could reach the other,
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one or both bore scars presumably inflicted by cannibilistic attacks.

Usually one or bo’c.lliE parasites were larger than single parasites obtained
at the seme time from the same population. However, in eaéﬁ instance
where three parasites wére found in the same host, one parasite waé
distinctly dwarfed and in one case one was completely suppréséed and
dead, While this laitter parasite appeared white and fluffy internally,
there was no sign of encapsulation by thé host (see plate 7).

Four woodlice out of a field sample were superparasitised
by two §_§ﬂ.9_n___ep_r;§.ﬁ third stage larvae, while those Styloneuria vhich
oceurred singly in woodlj.ce from the same population were all in the
second instar. In the same sample several weeks elapsed before puparis
were produced within woodlice containing a single parasite, In jzh?se and
other cultures obtained from the field which contained diapaus‘ing |
Styloneuria, two Styloneuria puparia were occasionally formed within one
host and this always occurred a week to several weeks before singlé
puperia were formed within other hosts of the same culture.

It thus seems that suvperparasitism by Styloneuris may have
the effect of breeking its diapause., One possible mechanism for this is
the attempted cannibalism of Styloneuria which cat;ses wounding, a well
known bresker of diapause. Varley and Butler (1933) found that
diapausing larvae of Lipara lucens are sometimes caused to pupate by
pricking and, pricking can terminate diapause in Lucilia (Roubaud 1922)

Superparasitism by Melanophora parasites has also been
found in the field, but dissections of fieid populations have never
yielded more than two parasites to a host. No sign of attempted cannibal-
ism was ever found in this species, Two puparia were often found within

one host, but the host was then always comparatively large (9 - 11 mm),
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hs no samples of populations containing diapausing Melanophora, showing

superparasitism were cultured, it was not possible to observe whether
superparasitism in this species breqks diapause. However, Melanophora
superparasites did not:pupate dny earlier than single parasites. |

| Superparasitism'in the field by Plesina sebond'siage iarvae
is very commdnn This is correlated with frequent high percentages of
parasitism., In some pcpulations mdny?moré~fema1e woodlice of certain
sizes were superperasitised then singly pa?asitised but this in somé
sizes of Lost was correlated with percentages of parasitism exceedi@g
eightys As with‘ioweﬁ percentages of parasitism by this species, itjwas
found that within one population the larger the host the more frequently
they were superparasitised. Thus in the population from 1 ¢) while 48
parasites werce obtained from 25 hosts of size 14 - 15 mm, no superparasites
were found in 50 hosts of sizes ranging bztween 8 and 9 mm,

While the number of superporasites found in one host varied
from two to five, only one or two of these were ever Well developed. The
remairder weré either dead or moribund and were very small second stage
with a white fluffy appearance, (see plate 7)., They Were never in the
slightest degree encapsulated by the host. Occasionally these dwarfed
dead lervac bore sear marks of cannibalism, The two normal lervae were
often scarred if thelr posterlor attachments allowed for reaching one
another. Presumably most of the dead larvas had been physiologically
suppregsed, possibly as suggested by Fischer (1964) by the lack of oxygen
during a phase of rapid growth.

Disscctions of large numbers of woodlice superparasitised
by Plogina show that while many second stage larvae of this speciesc may

be found in one host, it is very rere for more then one third stage larva
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to be present. Frequently one fully developed third stage larva was

found in a host which alsorcontéiﬁed&Sne or more second stage larvae,
Although several heavily superparqSiﬁiéea?cultures were kébt, only on a
single occasion were two puparia found within one host. |

Even when élmést;fully developed third stagé larvae wére
dissected from woodlice also containing second stage larvaé, no signs of
successful qannibalism Were even observed, FPresumably one-larva dominates
another b&ufaster-déQelopment, and supern%féry second stage larvae are
finally killed either byAthe third stage larval protecse or by desiccation
after the pupation of the third stagé larva,

As witgh superbarasitism by Stylcneuria, third stage larvae
of Plesgina are usually found several weeks earlier in superparasitised
hosts than in hosts with only single parasites and this is probably also
the result of cannibalistic wounding.

Experimental

Various_combinations of different larval stages of the same
species were left in hanging drops of host blood but in no case was
active cannibalism observed. However, as discussed in the section on
Multiparasitism, the absence of cannibalism within the hanging drop does
not necessarily prove that this does not occur within a host.

First stage larvae df all species were kept in groups of
three to six in hanging drops of host blood for two to three days. First

stage larvae of Styloneuria, Melanophora, Phyto and Plesina were kept

with gecond gtage larvae of their own species, and second stage larvae
of each of the above species were kept with third stage larvae of the
same speciles. At least four replicates of each combination were tried

but there was no indication at all of any attempted cannibalism although
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the hanging drops were gqntinually observed,

More information was obtained by multi-infection of hosts
with first stage larvée. This was done most extensively with Melanophora
and Styloneuria eince it was -easiest to obtain large numbers of firgt
stage larvae of this species. Db_zens of hosts were successfully suéer—
parasitised by varying numbers of first stage larvae of both these species;
In all ceses the results were similar, All larvae which succeeded in
penetrating even'buaily moulted into second stage larvae, If only two
larvae were pi-esen'b both of these continued normal development, but 1f
several larvﬁe succeeded in pénetrating, generally only two succeeded
in developing beyond the. ecarly second instar, The rest remained dwarfed,
and died o few days after the first larval moult and appeared white and
Ufluffy" internally, but they were never encapsulated by the host, That
this dwarfing was a result of superparasitism 1s born out by the fact that
monoparasitic larvae which occur singly, only extremely rarely die early
in the second instar and then they do not have this appearance. Scars
left by cennibalism were only found when superparasitism was by
Styloneuria and by Plesina and then usually not on the dwarfed larvae,
but on the two developing ones (as described above from field populations).
Ls the first stage larvae of bbth Styloneuria and Melanophora can only
enter freshly moulted hosts and the hosts of both these species do not
usually moult after entry of the parasite in the case of Styloneuria or
until the second instar para,sitebmoults in the case of Melanophora,
it was impossible to infect hosts already containing second stage larvae
with first instar larvae.

hs most eggs obtained from Plesins were infertile, only
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a relatwely few f:r.rst stage larvae were ava.ilable, and only ten hosts
were successfully experimentally superparasitised. In these hosts, larvae
behayed_ exactly as did larvae of Styloneuria and Melanophora. |

Only eight Porcellio rathkei were each infected with two
larvae (because of the searcity of both parasite and host), but in no
instonce did more than one larva suécééd in entering. Tﬁis was possibly
because iarvae of this species néméiiy‘oﬁiyr enter the first right leg
base. As in three out of the eight hosts, both larvae failed to penetrate
before dying, it is possible that it was just chance that no two larvae
entered the same host.

Lbout thirty Armadillidium vulgare were each infected with

three to five first stage larvae of Phyto, but no more than two larvaeé
actually succeeded in entering any one host. This was possibly related

to the small size of the area where penetration normally takes places

Five hosts containing two first stage larvae were dissected, but showed

1o sign of cannibalism although they could easily reach one another from
their point of entry, While two second stage larvae at various stages of
growth were dissected from eight superparasitised hosts, no scars resulting
from cannibalism could be found, However, when the remaining parasites

pupated, in no case was more than one puparium found in a single host.



MO

179

Table showing degree of Superparasitism by Plesina in the field and
effect of host length.

Habitat Host Host sex Ration of No. hosts each having

No. length parasites given No. of parasites
in mm. to hosts 0 1 2 3 4 5
la) 13-14 female 11/10 3 4 2 1 0
male 8/10 3 6 1 0
12 female 11/10 1 8 0 0 0
male 8/10 3 6 1 0 O
11 female 11/10 3 4 2 1 0 0
male 3/10 7 3 0 0 0
10 female 8/10 3 6
male 5/10 5 5 0
7-9 10/30 20 10 0 0 0 O

12/30 18 12 0 0 0

1d) 14-15 female 48/25 1 6 14 2 2
male 24/20 6 7 4 3
13 female 29/25 9 9 4 1 1 1
12 female 25/25 319 3 0 0
nale 9/20 12 7 1 0 0
10 female 14/25 12 12 1 0 0
male 11/20 11 8 0
8-9 female 12/50 38 12 0 0 0
male 13/40 27 13 0 O O
163) 10--14 female 40/61 29 25 6 1 0
male 24/53 29 24 0 0 0
4b) 10-13 female 38/89 55 30
male 20/66 47 18 1 0 O

(for habitat quoted see tables of the appendix)
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11, OBSERVATIONS ON PARASITISM IN NATURAL POPULAT.ONS OF
WOODLICE,

1la) Percentage parasitism of different sizes of Porcellio scaber,

The only reference made to any host size preference in
these parasites is by Thompson (1934) who states that "Species A has

always been found in very small specimens of Porcellio." (Species A is

in fact Rhinophora lepida),
' In the present work size preferences have been investigated
in some detail, Firstly it was considered of interest to see whether

perhaps différent'species of the parasites of Porcellio scaber tend to

avoid competition with each other by preferring different sizes of host,
Secondly, for detailed ecological comparisons of percentage of parasitism
of different woodlouée populations, it is important to know whether the
size of the hosts has to be taken into account,

gg;ndnhora lepida has perhaps the most conspicuous size

preference of these parasites, Thus, in the thousands of.dissections
made during this work, no larva of this species has been taken from a
host of greater length than 9 mm and usually it is restricted to hosts of
length of 5 = 8 mm., From tables and histograms of Ashtead and Basingstoke
populations this preference can be seen to be very marked. As Porcellio
ggg@é; of this size range are less commonly parasitised by other species,
Rhinophora normelly has little competition, while tending to mcnopolise
that size section of the poptulation which is most numerous. 4s previously
explained, Bgiggpéggg is restricted to this size range of hosts
initially because the first stage larvae cannot reach sternites of larger
specimens which it must do to become attached.

Dissecﬁions of field populations of woodlice containing



Tig. 69

Fig. 70

Fig. 71

-

Histogram ehowing the result of dissections

of part of a population of Porcellio scaher from
habitat No. 28 (see tables of appendix).

Similar results were obtained from all other

populations of Porcellio scaber which were found

to contain Rhinophora larvae.

Histogram showing the result of dissections of

pars of a population of Porcellio scaber from

habitat no. 25a). Similar results were obtained
from the few other populations of Poucellio geaber

which were found to contain Frauenfeldia larvae,

Histogram showing the results of dissections of
part of a population of Porcellio scaber from
habitat No, 43a). Whilst Melanophora larvae have
been taken from several other populations only
relatively small numbers were found., All these
other iarvae occurred within the restricted size

range of hosts shown by the histogram.
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~F:agenfeidig show a similar restriction to host size excepu that these
parasites prefer the range of hosts which are 6 ~ 10 mm long, although

as this parasite is rare, few studies have been made (see fig, 70 ).

The first stage larvae, as in Rhinophora must reach the host's sterﬁites
before they can abbach themselves, bub as the larve is longer than that
of Rhinophora, it can reach larger hosts. Although there is a slighf
overlap in size preference between Rhinophora and Frauenfeldia, the rarity
of the latte;, and the normally fairly low percentage parasitisms of both
mean that only very.rarely will a larva from each compete for £he game
host. With ths other type of parasitic larvae, (Melanophora, Styloneuria
and Plegina group);a greater range of size tolerance 1s found in field
populations.

These parasitic larvae remain in one place until walked
over by a potential host and then usually cling onto its leg or any other
part they can reach. The tibiae of Porgellio at least, are carried almost
horizontally to the substrate and thus as the woodlouse walks, a large
area is swept over at é particular height from the substrate. The helght
mainly depends on the size of the woodlousa,

‘Provided that this height does not exceed the length of the
paresitic larva, then in general, one expects that the larger the woodlouse
the greater is its chance of picking up a larva, since: a) The wider the
woodlouse, the wider the path swept as it walksy b) the larger the
woodlouse, the faster it can move and it will thus cover longer distances
than smaller woodlice, provided that it exhibits the same degree of |
activity.

| If the percentage of larval entries is proportional to the

percentage of lerval attachments with respect to any particular size group
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of hosts, then according to the above hypothesis, dissections of field
'populations should show that the ratio of parasites to hosts increases
proportionally with the size of the host. The ratio of the number of
parasitised to non-parasitised woodlice would be complicated by super
parasitism at high percentages of parasitiem. Dissections of several
field populetions of woodliice parasitised by Plesina confirm that the
ratio of parasitised horts does inecrease markedly with host size, (éee
figs. 72, 75 and Th)

Latoratory observations show that even on a flat substrate
first stage larvae of Plesina aré able to reach the legs of even the

largest Porcellio scebor available because the larvae are capable of

considerable extension, Comprehensive experiments on the effect of size
of host on the readiness with which larvae are picked up. were not carried
out becapse of the great difficulty of handling larvae to obtain the
sparse random distributions required,

ﬂlthough several field populations containing Melanophora
parasites have been examined, this phiasite>has never been found in wood-
lice of over 1.1 mm in length, and was found most commonly in 7 = 9 mm.
size groups (see fig . 71 ). B o o

The situation here is complicated because:-
a) these parasites will only enter newly moulted hosts and smaller hosts
moult more frequently than the larger ones.Heeley (1941)
b) The parasite first stage larva is shorter then that of Plesina and
much lésékcapable of extension and cannot reach the legs of large
hosts,

However, when in the laboratory, all sizes of Porcellio
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Variation of Differential Parasitism by Plesina with respect to

" Host size.
Habitat No.parasites found/ No. parasites found / No, hosts of particular
No, Total No, females size.
digsected. host length in mm,

7 8 9 10 1 1R 1B L I5

1a) 50/70 (712) 1/10 3/10 4/10 7/10 11/10 11/10  11/10 =~
1 b) £8/108  (L4%) - 4/17 12/301843 11/18 3/10- - =
14) 140/175  18%%) - 5/25 8/25 14/512/25 25/25 28/25 [8/25
le) . 76/150 (51%) - 5/25 11/25 11/3.3/25 17/25  22/25 -
18) 54107 (508) - 111 5/12 10/253542 /15 16/12 -
4b) 51/137  {(37%) - 6/28 8/21 16/40 /% 9/15 2/7 - -
5 a) 49/150  (33%) - 10/45 12/35 8/29 6/16 10/20 ~ 3/5 -
6 agb) 41/133  (31%) -~ 0/8  2/21 7/315/26 13/17 10/16 4/1im
10 d&e) 52/147  (35%) - 1/10 8/25 10/3316/5 17/34 ~ =~ =
b)) 11/88  {13%) - 114 1/12 3/19 5/22 1/17 Of4 - =

16 a)  62/184 (34%) /72 10/37 16/67 12/25 9/27 12/4 3/7 -~ =~
164)  53/105 (508) /11 4/19 &/l 6/13 10/18 1345 6/12 5/3 -
17 £0/17%  (23%)  5/30 10/53 4/23 /27 4/19 /13 4/9

8 9 0 11 12 13-15
Over 40% 2/ sof 66/ 61/ 7o/ 136/
107 116 131 128 100 97
1% A3% 50% 52%  76%  140%
Under 40% 38/ 51/ 62/ 55/ 69/ 26/
195 204 204 171 137 62

207  25% 30% 32% 508 4%

In most habitats, unequal numbers of different size groups were dissected,
as only small numbers of certain sizes occurred, A summation of the same-
size groups from different habitats may, therefore, be a little misleading.
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Fig. 73

Fig. 74

Fig. 78

Histograme showing the result of dissections of
two populations of Porcellio scaber each heavily
infected by Plesina larvae. Population A was

* obtained from habitaet no. 1d) and population B

from le), {(See tables of the appendix.

Histograms showing the combined results of
dissections from the only popula.tic;ns of Porecellio
scaber where equal numbers of each size of host
were dissected., Population C was obta.ined» from
habitat no. la),

Histograms showing the ccmbined results of dissections

of female Porcellio gcaber from all populations ,con-.

taining Flesina larvae where differential parasif.ism
according to host size were recorded. (see ad joining
table). It can be seen that differential parasitism
of female woodlice according to host size was much
more marked in populations where overall parasitism
exceeded 40 per cent. However, one factor to be
considered is that all but one of such populations
were obtained from the same locality where some

special factor may have operated.

Histogram showing the result of dissections of part
of a population of Porcellio scaber from habitat
no. 17. This papulation was unusual in having four

parasite species present,
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", PI¥FERENTTAL *FARASTTION BY PARAFEBURIA WITH;RESPHCT TO HOST SIZE.
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DIFFERENTIAL PARASITISM BY PLESINA WITH RESPECT TO HOST SIZE
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over 40 per cent ‘ ‘under 4O per cent
parasitised ‘ parasitised
by Plesina by Plesina

Fig. 74
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scaber which had newly moulted were infected, the parasite usually

successfully completed its life cycle.

The fall off in percentage parasitism by Melanophora in
the 1.0 and 1.1 sizes of hosts may well be because larvae can usually only
reach these when they are situated on slight projections of the substrate,
and because hosts of this size group moult less frequently than smaller
hosts,

With parasitism by ngloneu;ia, the situation is again
complicated, Although larvae cen reach up to the legs of most hosts, they
will only readily attach themselves to hosts which will moult within about
a week or so.

Further, when hosts of under about 9 mm walk over them,
the legs hit the larva well below its anterior end which usually causes
it to - lie flat against the substrate without attaching itself to the host.
Thus woodlice of less length than 9 mm are rarely attacked., Apart from
ﬁales being less frequently parasitised than females, there seems to be
a significant difference between the sexes in the change of percentage
parasitism with respect to host size (see figs.f%, 7). In fact vwhile
with the female hosts there is a marked dizggise in percentage parasitism
with deorease in size, there is little such tendenc& observable with the
male hosts. This is probably connected with the gréat difference in the
frequency of moulting between the sexes. The adult female woodlice
have several moults connected with the breeding cycle (Heeley 1941),
but only the younger male woodlice moult at all frequently. Thus in the
male, the greater tendency of larger woodlice to pick up_§§xgg§gggig

larvae, is offset by the more frequent moulting of smaller male woodlice,



Fig. 76 - Histogram showing the result of dissecting 30
hosts of each gize and sex from a population of

Porcellio scaber found in habitat No. 30a).

Fig, 77 = As above, but population found in habitat No,
30b).

Fig. 78 =~ Histogram shcwing the combined resulis of

dissections fwrom 30a) and 20bj,

Several other populations of Popzellio scaber parasitised solely by

Styloneuria larvae were dissected Go investigate differential
parasitism by Styloneuria according tc host size, and similar results

were obtained,
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DIFFERENTIAL PARASITISM BY STYLONEURIA WITH RESPECT TO HOST SIZE
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Ls can be seen from section 1le) when two parasite species
are found commonly in the same population of woodlice, generally one
species dominates the larger hogt size groups (eiﬁher Styloneuria or

Plesina) and the other is found in the smaller size groups (Melanophora,

Rhinophora and Frauenfeldia),
It was noted that when wocdlice of 9 mm or less are

parasitised by Styloneirics; even at high temperatures the parasites take

several weeks or woncas loiger to develop Li2n parasites in larger woodlice
and of‘ten the parasi.ss of a small host are pnagoeytised and killed before
developing, The same is twus of Plesina in hosts of 8 mm or less, In
both these speciles generally the larger the host, the greater the fecund-
ity of the resulting fem:zle,

in convrast, Melancphoia larvas when experimentally iniire-
duced to freshly monited large hosts are often killed by encapsulation
unless super parasitism occurs,

Wish the other {wo specles of parasite studied (Phyto in

Armadillidiom, and Shevenia in P,rathkg), insufficient numbers have been

dissected from the field to draw any definite conclusions, However; no

pupae of Phyio were formed in frmadillidiuvm of leés than about 10 mms and
most pupae ocourred in'larger hosts,

Experiments with the larvae of_Stievenia indicate that these
will only attach themselves %o large hosts (10 mm and over) when a brood
pouch is preseﬁt, becauge otherwise they cannot, as is necessary for them,
reach the sternites of théir host, The first generation of first stage
ldrvae'iﬁ'fhe‘fiéidnseems to coincide with the time when the majority of
P.rathkei possess brood pdu.cheso Dﬁring the second generation of this

parasite few females have brood pouches and so larvae can only attach
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themselves to smaller woodlice (in which they diapause, while presumably

the host increases in size).

11b) Pergentage Parasitism of Males as Compared with Females.

There is no previous record of any differehce in percentage

parasitism between the sexes of woodlice, although in faet female woodlice

are often considerably more highly parasitised than males,

Field observations

The greatest difference, in percentage parasitism between
males and females was found in a population of Porecellio scaber from
Ashtead, Surrey, parasitised partly by Rhinophora lepida (see fig. 75 )
Here, within the slze range parasitised, 16 of the 89 females dissected
contained Rhinophora larvac, whereas only one out of the 73 males dissected
was parasitised by this species,

4 considerable difference between parasitism of males and

females was also found in a population of Porcellio scaber parasitised by

Melanophora roralig. Thege woodlice were collected from Hugh Town beadh
in the Scilly Isleos, (see fig. 71 ). Here, within the size range
parasitised, 50 females out of 387 contained parasites while out of 374
males, only ten were parasitised, (i.e. percentage pardsitism of females
was about five times that of the males). With other Porcellio populations
parasitised by Melanophora and Rhinophora however, the differences in
percentage of parasitism between males and females was not so greatb.
* . In populations parasitised by Styloneuria, there was =z

significant difference in percentage parasitism of the sexes (see figs.

but this was not so marked as in the two populations cited above, and

as with Melanophora and Rhinophora, the ratio varied in different
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populations. ﬂeually with Styloneuria,females were about twice as

heavily parasitised as males, but the sibuation was complicated by
differences in percentage parasitism of hosts of different sizes,

(see figs. 76, 77 and 78). Thus while percentages of paras1t1sm of

males of most different host sizes were not 51gn1f1cantly dlfferent, those
of the females were,

The greatest number of populations of Porcellio gcaber,

dissected to investigate differential parasitism of sexes, were
parasitised by Plesinat(see figs. 72, 737and‘74). It was found that
proportionately more females Were parasitised in populations with iow
percentages of parasitism and the reverse was true. The reasons for this
are not clear although generally in other insect parasites discrimination
is less between one host and another when percentage of parasitism is
high.

Ratios of numbers of parasites per hundred males plotted
against the number of paras1tes per hundred females nge almost a straight

, (see fig. 79) Points were much more scattered when the percent—

ages of paraS1tlsm of each sex were plotted against each other and
superparas1t1sm was not accounted for (see flg- 80) Percentage of
paras;tlsm by E;ggiga 1ncreased w1th host s1ze in both sexes, unllke B
that in tzloneurla._ | | |

Insufflclent numbers of P. scaber parasltlsed by Frauen-

ﬁ 1a of P,rathkel by Stevenla and of Armadlllidlum vulgare by Phyto

were dlssected from the fleld to determlne whether there is eny |

differential parasitism of sexes by these flies.
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Experimental
The differential parasitism of sexes caused by some species

of parasite in the field could have been due to a number of factors. Some
of these were tested experimentally with Melanophora and Styloneuria,
1), | 'Melandphora larvae readily and invariably attach themselves to
either male or female woodlice when they contact these and Stzloneurig
larvae also show no discrimination in attaching themselves to either
male or female Porcellio when the& touch them, provided that the woodlice
are near to moulting., Several hundred mele and female Poreellio were

readily inTecied by both species of parasites,

2), Wnen cultures of freshly moulted Porcellic scaber were infected with
one Melanopiora larva per host, the percentage of larvae which succesg-
fully entered and reached second instar was similar in both sexes of
woodlice., Thus when 50 individuals of esach sex from one culture were
dissected eight to ten days after infection, 29 females and 25 males were
parasitised, Similarly, in a culture of selected hosts each of which was
infected with a Styloneuria larva, it wes found two weeks later that 28 |
out of 63 females and 16 out of 38 males contained parasites,

3. Similar numbers of pupae were obtalned from each gsex of experimentally
infected woodlice,

4a When exposed to cold conditions (5° G) for some weeks mortality of
parasitised malesrwas no greater than that of the females.

5. Dissections of parasitised cultures at all stages of parasitism show
that only very rarely does the parasite die after entry, unless there is
super parasitism, and that death occurs no more readily in male hosts than

in females.
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It thus seems that the difference in the parasitism of
gexes of hosts in the field (caused_bykMelanoghora and Styloneuria) is
due to other causes. There are various.possibilities:-
1. Both species rely on moulting of the host before entry and it is
that adult females moult more frequently than the males (Heeley 1941).
2. The moulting cycies of adult female woodlice in the field tend to
synchronise, because of the breeding cycle, whereas this is not so in the
males. (Heeley 1941). If the parasite is in some way able to synchronise
its iife history with that of its host, females would be more vulnerable
to parasitism. Sﬁch synchronisation is likely with Melanophora at least,

3. During the summer months, colonies of Porcellio scaber beneath stones

and rubble sometimes consist almost entirely of females, as males have a
greater tendency to aestivate.

4o Adult female woodlice sweep out a wider path as they walk since they
are a little wider than the males.

While these factors seem to be the most likely causes of
the differences in percentage parasitism between male and female hosts,
other differences in the behaviour and ecology of the sexes could well
play a part. Differential parasitism of the sexes by Plesina is
probably not due to the factors mentioned above concerning moulting of
the host. However, with Rhinophora it is unlikely that any of these
factors play a part, since this species only attacks very small woodlice
which show no obvious differences in behaviour, and the parasitic larva
can enter a host at any stage of i1ts moulting cycle. No experimentation

has been attempted on differential parasitism of sexes of hosts by this

specles,

Iaboratory infections of Armadillidium vuleare by Phyto
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Melanocephela and of Porcellio rathkel by Stevenia atramentaria show

that these parsitic larvae are equally capablé of entering and surviving

in hosts of elther sex,
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1lc) Relationship between the habitat of the host and the species of

parasite pregent,

While colonies of Porcellio scaber can be found in a great

variety of different habitats, not all of the five species of Rhinopﬁérinae
which parasitise this woodlouse are to be found in any one kind of habitat.
Previous records of the occurrence of these parasites in
the field have only been concerned with information about the adult fiiess
the time of thelr svpearancs in the field; the kind of flowers on which
they feed; their commonness or rareness and the localities from which the
rarer species had been taken. Day (1948) includes some brief referencss o
habitats. Thus he mentions that adult Melanophora are sometimes found in

the vieinity of houses; Stvloneuria and Phyto near the sea; Rhinophora

on waste ground and Plegina and Frauenfeldia in woodland,

During the present work woodlice from many different habitats
and localities have been dissected and cultured (see tables of the appendix)
in order to determine whether there is any relationship between the type
of habitat in which the host lives, and the species of parasite found
within it, and to gain some information as to the factors causing the
commonness or rareness of a species of parasite,

Collections bfwﬁoodlice from the field for ecological
investigations were only made from October to early May since during other
months there was a possibility that some parasites would be free living
either as adults, eggs or first stage larvaé;

Most of the populations of P.s¢lber obtained from certain

types of habitat were parasitised by only one species of Rhinophorinae,
Thus, only Styloneuria was obtained from the many hundreds of woodlice

collected from beneath stones and rubbish on demolition sites, rubbish dumps,
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gardens and other waste ground in and around London, and al?! ropula~

tions of more than about fifty Porcellio scaber obtained from such
habitats were parasitised by this species (see tables of the appendix).
Woodlice from similer habitats in Kent, Surrey, Essex and Cornwall,
while commonly parasitised by Styloneuria, rarely had any other sﬁecies
of parasite. The 0ld walls constfucted of mud and granite which are so

common in Jormwall often house vast numbers of Porcellio scaber . .

Styloneuria was the only species found parasitising these populations.

While Styloneuria was found to be a very common parasite
of woodlice in the types of habitat referred to above, woodlice ffom
other types of habitats were rarely parasitised by this species.

Large populations of P.scaber commonly occur beneath
looge bark of dead or living trees and logs, and larvae of Plesina
maculata were usually found parasitising them. More often than not,
especially where host colonies were found in woods, Plesina was the only
parasite present, but from some populations, even those very heavily

parasitised by Plesina, a low percentage parasitism by Melanophora roralisg

was recorded, while in host populations compc.sed of a large proportion
of very small woodlice, there was usually some parasitism by Rhinophora,
(see tables of appendix).

While Plesina was rarely found parasitising any woodlice
other than those living beneath bark, both Melanophora and Rhinophora
did occur elsewhere. Melanophora was found most commonly parasitising
woodlice living on the upper seashore region beneath rocks and between
vegetation and rocks in Cornwall and within outhouses and gardens
nééfby. (see tables of appendix). However, it is possible that this is
a different subspecies or even a different species from the Melanophora

found parasitising woodlice beneath bark., Rhinophora also parasitise
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those woodlice found in the seashore although it is not so common as

Melanophora.

r ~ .
Frauenfeldia ru?iéosa is a raré species ‘and too féw

populations of woodlice parasitised by it were investigateéd to ‘méke any
generalisations about its habitat preferences., This species was 6nl& teken
from a few populations of woodlice found in and around Silwood Park #ear
Ascot and from Studland, Dorset. In the former locality woodlice collected
from the litter a? the base of some oak trees and others beneath the bark
of those trecs were parasitised by it. Hawever, in contrast the woodlice

parasitised by Franenfeldia from Studland, were living in a sand dune

habitat.

Large populations of P,scaber not parasitised by any

species Were rare. They were usually coliected fiom habitats exposed to
the wind and were completely isolated from other populations. Thus, as

van be seen from the table summarising dissections of P.gcaber from the

field, only one rarasite was found in woodlice frcm heathland,

While parasitism of Armadillidium vulgare by Phyto

melanocephala seldem exceeded three to four per cent, wherever largé

populations of this woodlouss occurred,; there was Invariably some parasitism,
A,vulgare was collected from grassland, beneath stones, in litter and beneath
tree bark and was found to be parasitised in all these habitats. Phybo
thus has a wider range of habitats then any of the parasites of Porcellio

scaber. Adult Stevenia atramentaria are recorded by Wainright (L928) and

Day (i948) as very rare and before the present investigation, were only
taken in England from Belvedere and Abbey Wood, Kent. although the host
specics Boreellio rathkel is widely distributed throughout the British Isles.

I have only found three populations of P.rathkd outside Kent and these were
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all in Berkshire., None of them were parasitised; Two populations of this
bost species from Cliffe and one from Badgers Mount, Kent, were the only
others found and all the three populations had Stevenia atramentaria
parasites, The habitats of these three parasitised colonies differeci in
that one was found under stones and rubbish by a mersh, another beneath
bark litter and under the bark of a dead tree in the middle of a field and
the Badgers Mount population was found beneath the bark of logs in a:wood.
Despite very careful examination no other P.rathkeiwere found within miles
of these three colonies. Obviously no inferences as to the habitat
preferences of this parasite can be drawn from these limited observations.

However, if indeed Stevenia atramentaria is limited in distribution to

that region of Kent close to the Thames, there is the posgibility that it

has been introduced by shipping from the Continent where it is common,

Table of Summary of Dissections of Porcellio 8 zaber from various tmes of

Habitats, (see tables of the agpendix}.

Habitat No., No. P.scaber parasitised and Species of Parasite
type. P, scaber found,

1 2 dissected P. S. M. R. F. Ph,
A T 3279 1019 2 9 17 2 0
A F 2280 305 0 34 12 23 0
A G 404 98 0 8 2 0 0
B T 830 85 0 12 A 0 0]
B F AYA 5 1 6 1 2 0
B G 50 3 0 0 0 3 0
G T 497 78 1 1 0] 0 0
C F 347 14 0 12 10 2 0
¢ G 47 6 0 0 0 0 1
D F 248 0 2 2 0 0] 0
D G 3939 9 384 17 0 0 0
D S 1758 0 0 100 7 0 0
D G 1998 0 1 0 0 0 0
D D 330 0 0 0 3 0 1
Total

A 5163 1422 2 51 31 25 0
B 1694 93 1 18 15 5 0]
C 891 98 1 13 10 2 1
D 7309 9 387 119 10 0 1

Habitat type: Column 1 - microhabitat. Column 2 -~ macrohabitatb
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Key to lettering: {As for =ppendix tables)

1.  Microhsbitat 2, Macrohabitat
A . .Beneath loose bark of living T -« Woodland
trees.
B « Beneath loose bark o'f logs., G ~ Gardens and wagteland
0 - Beneath bark and smongst wood F - Fields

of dead erect trees. S - Seashore

D ~ Beneath stones and rubbish, D - Sand dunes
H - Heathland

0 -~ Sea c¢liffs,

Xev to abbreviations
Parasites:
P, - Plesina
Se = Stzloneuria
M, - Melanophora
R. -~ Rhinophora
F. = Frauenfeldia

Ph, - Phyto

11 d) Factors effecting percentage parasitism,
As can be seen from the tables of the appendix which summarise

the results of the dissections of many populetions of woodlice from a
variety of habitats, parasitism by various species varies between 0 and 50
per cent,

: Whilst investigations into the problems involved have been
relatively superficial, some ini‘omation_ has emerged about the factors

which determine the percentage of parasitism,
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Parasltes in general have long been considered to act
in e density dependent way on populations of their hosts, (Nicholson 1933).
Thus the greater the density of host in generationn the greater would be the
expected percentage parasitism in generation n + 1, The effect is referred
to as delayed density dependence (Varley 1948, 1957

In colonial woodlice it is rather difficult to define
"population density"., For lnstance, there may be several hundreds of
woodlice beneath a few square inches of bark on a particular tree whilst
there may be no woodlice on rest of the tree or on other trees nearby,
Similarly, large numbers of woodlice are often found under one stone whilst
there are few or none under others around. In other habitats equally
large numbers of woodlice often occur in small or larpe scattered groups over
a wide area. Where the habitat consists of heaps of rubble, woodlice are
found not only just beneath the surface but for a foot or more below this.

To compare population demsities of colonial woodlice from
diverse habitats was, therefore, considered of less relevance than the size
of the population and the degree of its isolation from other populations.
The latter, which is of course one aspect of host density, was found to be
one of the main factors determining percentage parasitism by Plegina at |
least, Thus as can be seen from the tables of the appendix, most colonies
of woodlice of host species in similar habitats in the same locality are
parasitised to a similer degree, Generally woodlice in localities where
there are meny large colonies within at leest a few hundred yards of each
other are more highly parasitised than woodlice in more isolated colonies,

Superimposed upon this, however, is the ease of access of
the adult parasite to the colony available. Thus woodlice beneath large

unbroken areas of loose bark on trees or logs are usually much less highly
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parasitised then woodliece under smail pleces of loose bark on trees. In
the latter case adult paerasites are easily able to crawl from the surface
of the tree and underneath the bark, to any part of the colony, whereas
in the former case, adult parasites can probably only reach the outskirts

of the colony easily.
~As can be seen from the tables of the appendix and the

table summarising these, most woodlice taken from living trees (usually
Elm trees) are usually at least 20 per cent parasitised by Plesina, This is
almost certainly because the loose bark on these trees is usually dividgd
into small sections which have large edge circumferences compared to their
area.

Another factor probably affecting the degree of parasitism
is the amount of exposure of a habitat to winds. Thus while many thousands
of woodlice were found beneath stones and vegetation on walls on Cornish
eliffs where there are colonies every few yards for hundreds of yards,
parasitism by Stvloneurias was very low, These habitats are almost contine
uously swept by very strong sea or offshore winds and observations on other
ingects show that they often have great difficulty in settling. This factor
night also acTount for the surprisingly low parasitism of woodlice collected
from heathlend, (only one Styloneuria larva from a total of 1928 P,scabe).
However, the absence of parasites in this type of habitat might also be the
result of the abgence of suitable flower heads on which Styloneuria adults
feed,

The preference of certain parasites for various sizes
of hosts has already been discussed, Obviously if thevratio of a
particular size group of hosts to other sizes is low and the parasite is

able to parasitise only this size group, the percentage parasitism of the
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whole population will in turn be low. This is perticularly true of
parasitism by gggnopgora lepida. Often populations of Porcellio seaber
contéin,no, or only a‘few, individuals smaller than 9 mm. These popula-
tions are then either not parasitised by Rhinophora or pé£a§itism by this
species is very loﬁ. However, the degree of parasitism by Rhinopho#a of
the particular size group appears to vary very little from habitat to
habitat.

In dealing with percéntaage parasitism by Ehiggphggg
it is of little use to compare parasitism of whole colonies, but it is
better to consider only the size groups of hosts which it is able to
parasitise,

Too few populations of woodlice parasitised by Frauen-
feldia have been found to draw any conclusions as to factors which may
effect perasitism. This parasite, however, is restricted to certain sizes

of hosts,

Whenever Armadillidium vulgare has been found in numbers

exceeding about one hundred, it was usually found to be ﬁarasitised by
Phyto, but in almost all cases the percentage parasitism has deviated

little from oue to three per cent,
Only three populations of Porcellio rathkei were found

in Kent, the county to which its parasite Stevenia atramentarias is restricted.

Each of these populations was found to be isolated by several miles from
the others, and a very intensive wearch was made to determine this, However,
despite the apparent isolation and the small size of the colonies, two of
which contained less than 100 individuals, parasitism was found to be of

the same order.
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It has unfortunately not been possible to compare
perasitism in many populations for two or more years. There were a-
nunber of reasons for this. Firstly, in London where many of the
populations parasitised by Styloneuria were investigated, habitats studied
in one year were usually destroyed by building or cleaning up operations
by the next. Secondly, examination of populations on trees necessitated
gtripping of bark, thus destroying the habitat.

However, as can be seen from the tables a few hablitats
were examined for two years, How far the collecting of large numbers of
woodlice from a habitat affects the degree of parasitism is difficult to
determine but of 350 woodlice collected from habitat 1d (see tables of the
appendix) during January 196/ when this habitat contained at least 2000
woodlice and there were several other populations near by, 171 hosts were
parasitised by Plesina) compared with only 17 Plesina found in 100 woodlice
at the same time the following year when the population was greatly

reduced and isolated,



207

12, DIAPAUSE OF PARASITIC LARVAE
Thompson (1934) states that when woodlice were 'brought

indoors' during early Decembef; deﬁelopment of both hosts and parasites
was definitely accelerated so tﬁaﬁ’aaélfifiiéS'of some parasite species
emerged as early as the middle of January. Apart from mentioning this
and also that Rhinophora overwinters as first stage larvae and that other
species parasitising woodlice overwinter during their second instar, he
offers little information on the diapause in Rhinophorinae,

Only a preliminary investigation into the diapause of these
parasites has been undertaken in the present work, The evidence obtained
suggests that whilst there is no diapause in the hosts, there is an
obligatory diapause of the second stage larvae of Styloneuria, Plesina,
Frauenfeldia, Stevenia and some strains of Melanophora. There appears to be

no diapause of Bhiyto larvae.

Rhinophora lepida

Experiments to investigate the diapause of this species are
summarised in the table below. These indicate that a cold period of a
month was sufficient to break the diapause in Rhinophora first stege larvae,

Poresllio gcaber parasitised by this species were obtained

from the field at various times of the year. Generally it was found that
Rhinophora larvae in woodlice collected from February to May were not in
diapause, while those collected from August to January were, i.e. they
remained in the first instar. The second and third stage larvae of
Rhinophora are not generally found in the field until April and it is thus
difficult to explain why the first stage larvae kept for one month at a

cold temperature in experimental conditions moulted into the second stage



before being subjected to warmer conditions,

No, of
P,.scaber
infected

30

30
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Table of Experiments to Investigate the Diapause of Rhinophora lepida.

30

30

No.
remaining
unparagi-
tised

~1

Treatment

At 250C, in

Digsections.

No. and
time.

3C, 5 per

24 hr,daylength week

for 6 weeks

8} at 25°C for

1 week
2000 for
1 day
15°C for
1l day

6 - 7°C for

4 weeks

b) Remaining
hosts placed

at 25°¢

At 25°C in total
darkness for 12

weeks

At room temper-
ature (18-239C)

for 12 weeks

dissected

10
dissected

30, 5 per
week
dissected

30, 5 per
week
dissgected,

Stage of
parasite
found

lst stage
larvae

2nd stage
larvae

Puparia
formed in
1l - 2 weeks

1st stage
larvae

lat stage
larvae
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o_melanocephala

Beceuse Armadillidiun vulgare usually hibernates in the
soil during the winter months, it has not been possible to collect large
numbers of this species from October to March and to determine whether or
not Phyto larvae parasitising them during this time were in diapausé or
not. A number of cultures of Armadillidium parasitised by Phyto were,
collected in March, April, May, August and September and all the Phyto .
larvae pupated within two weeks at 25°C, However, there is also no dia=
\ pause at these times of the year in the other parasitic species,
Attempts to induce diapause in Phyto larvae were unsic—

cessful as can be seen from the table below,

Tabhle of experiments on the induction of Diapause in Ph melanoo a
No, No, Stage of
A, vulgare remaining Treatment Disgections Parasite
infected. unparasit- No. at time. Found,
ised, ’
0 puparia
500 230 25°C for 4 wecks 23363261‘ formed in
50 18 20°C for 5 days puparia
: 50C for 3 " formed after
then at 25°C 18 2=3 wke,
at 25°C
50 13 20°C for 5 days
‘ 69C for 5 W
then at 25°C 13 Lg above
50 21 20°C for 5 days
6°C for 10 W ‘
then at 25°C 21 Ls above
50 30 larvae before in-
fection at 8°C for 30 As above

3 days. At 25°C
after infection

100 37 Iarvae before ine
fection in 8 hr,25°C 37 As above

for 4 days in same con-
dition arter infection
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Plesing maculata

Insufficient numbers of first stage Plesins larval penetrations
were obtained to use infected hosts for diapause studies. However, large
numbers of parasitised field hosts have been cultured.

Populations of several hundred Porcellio, recently parasitised
by Plesina were obtained from the field durihg the months of July, fugust
and September. These woodlice had been freshly parasitiged, and this was
inferred from the fact that while previous samples of populations from
that hebitat contained only fully grown second stage or third stage
larvae during May and June, woodlice collected during the leter months
contained only very small second stage larvae., Further, free living
first stage larvae were observed in these habitats one to two weeks before
making the later collections, Thesewoodllce ‘were cultured and their
parasites produced puparia a:f.‘;dér“ four to six weeks at 25°C and only the
unparasitised woodlice re;;.iri»veévélive, as was shown by dissections,

Porcellio populations which were parasitised by Plesina that
were collected from the field from the end of Januery to March and kept
at 25°C produced puparia after two to six weeks and dissections at the
end of this time showed that all larvae had pupated.

A collection of some 300 Porcellio with about 10 per cent
parasitism by Plesina was made throughout October 1964. Half of them were
kept at 25° C and the other half at 6 -~ 7°C for a month, Only two
puperia were formed in the first set; although the culture was kept for
four months, while twelve puparia were formed in the second set a month
to 8ix weeks after it was removed from low temperature and placed into

25°¢,
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Melanophora roralis

It proved impossible to collect populations of Porecellio highly
parasitised by Melanophora in September, October and early December as
such populations were only found in Cormwall, However, 60 Porgellio
were collected in Pengance, Cornwall, in the middle of December 1962, and
three Melanophora puparia were formed after three weeks at 25°C,

Several samples of populations, only very lightly parasitised
by this species, were obbained from Kent, Berkshire and Surrey in these
months and they were kept at 25°C. A total of 24 puparia were formed
after 2 - 3 months at this temperature,

Cultures of 250 Porcellio were infected with first stage larvae
hatehing from the eggs of the flies from these puparia and then kept ab
2590, and puparia were formed within 2 -~ 3 weeks., Dissections of the
remaining hosts showed that all larvae had pupated by then.

Dissections of woodlice collected from September to Lpril from
the above three counties showed that all the second stage Melanophora
larvae obtained from these woodlice were characterised by the conspicuous
white colour of the adipose tissue (see plate 6). These larvae were,
or had been in diapause. However, second stage larvae obtained by
infecting woodlice with first stage larvae reared from these habitats
had transparent adipose tissue. These larvae were not in diapause,

None of the numerous Melanophora second stage larvae dissected
from Cornish woodlice collected during March and April (see Appendix
tables ) had the pearly white adipose tissue characteristic of the
above larvae and neither did five Meclanophora second stage larvae dissect~

ed from a small population of Porcellio ecollected from Cormwall during

the middle of December 1962,
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Whilst there were insufficient rumbers of Melangghoravfrém

counties apart from Cornwall to allow experiments on diapause, numerous

unsuccessful attempts were made to induce diapause in Cornish Melanoghora.

The experiments are summarised in the table below,

Table of FEyroriments on Induction of Dispause in Melanophorae

No., of

freshly moulted

Porcellio
inf'ected.

5 cultures of
50 - 100 hosts

5 cultures of
50 -~ 100 hosts

150 hosts

200 hosts

Treatment Result
Three days at 20°C, A1l larvae formed
Ro4s6,8, or 10 days puparia after 2-3
at 8°C. Then at 25°C wecks at 2590

Three days at 20°0
R4y6,86 or 10 days As above
at 5°C. Then at 259C

lst stage larvas ab

500 for 2 days before

infection of Porgellio Ls above
then at 5°C for 5 days.

Then at 25°C,

lst stage larvae at

8 hr., day for 4 days

before infeetion of Ls above
Poreellio also ab

short day and 25°C

These experiments suggest that there i1s possibly

no diapasuse in Melanophora collected in Cornwall, but more experiments

are needed to prove thisge
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Styloneuria discrepans
fbout 200 Porcellio which were about to moult, have at various

tines been infected by Styloneuria larvae and then kept at 25°G. All
larvae which had enteréd hosts of lengthugreéter than 9 mm pupated in
28 - 35 day=. |

A eculture of 300 Porccllio 12 per cent parasitised by Styloneuria
collegted at the begimning of October 1962 and kept at 25°C. No pupsria
were formed until four months later (February) and all larvae from this
culture had pupated after four and a half months., A further 500
Porcellio were collected from the seme habitat al the beginning of November
1962 and half of these were left for six weeks at 6 to 7°C and then
transferred to 25°C and the other half was kept at 259C from the beginning,
Both cultures produced puparia at the same time, which was cleven weeks
later, and puparia were produéed for a fvrther two weeks,

L further collsction of over 1000 Porcellio was made from the
same habitat at the beginning of December 1962 and the first puparia
were formed after only one month and then throughout two weeks afterwards.

One hundred Iorcellio from another habitat collected at the end of

January 1963 produced parasitic puparia after two weeks at 25°C.

These results suggested that there was a facultative diapause
in the second stage laTQa. Digsection and external examination of
parasitised woodlice showed that the length of the third instar was
constant and that while cold treatment was not essential it considerably
speeded up development,

httempis to induce diapause in Styloneuria were successful.
Cultvres of 25 ~ 50 Porcellio were infected by first stage larvae and

left et 20°C for five days so that the larvae moulted into the second
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stage., Infected woodlice were left at 6°C for 2,4,6,8 or 10 days, and
diapause was induced in some learvee in all these cultures. While eight
larvae pupated within one to two months at 25°C all the rest remained
ag second stage larvae for four months before forming puparis at 2300.
A culture of 300 first stage Styloneuria larvae was kept at 6°C for 2
days before these larvae were used to infect Porcellio, about to méulto
The infected hosts were kept at 25°C and the larvae pupated within ‘a
month to six weeks,

lis might be expected in a larva which parasitises hosts
living in almost total darkness, short photoperiod had no effect iﬁ

initiating diapause. Fifty Porcellio were infected with Styloneuria

larvae which had beoen subjected to two days of 8 hours light and 16 hours
darkness at 25°C and the wnaffected hosts were then themselves subjected
to this phoioperiod and temperature. Puparia were produced within

the same period as in non-diapausing larvae.

Fravenfeldia rubicosa

TIittle material of this species has been available, but
- from a culture of 150 Porcellio about 9 per cent parasitised by this
species and collected at the beginning of December 1962, two puparia
were produced within one month while the other larvae remained in
instar two to three months.

Porcellio collected at the end of May 1963 from the same
habitat produced Frauenfeldia puparia after two weeks at 25°C,

When 25 Porcellio were infected with Frauenfeldia first
stage larvae, puparia were produced 5 - 7 woeks afterwards at 25°C,

Stevenis atramentaria
It has not been possible to collect P.rathkel parasitised by
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Stevenia from the field in the winter ns this woodlouse hibernates ‘in
inaccesaible places.

Thirty P.rathkel all with brood pouches were infected with
first stage larvae of Stevenia and all the larvae pupated within 4wWo to
three weeks at 25°C, However, when a further culture of forty P.pathkei
(only two of which had brocd pouches) were infected and kept at 259G,
only two puparia were produced within two to three weeks and dissections
of five hosts after four weeks showed that other larvae were still in the
second instar, No further puparia were formed after six weeks and as
this culture was the only one available, all specimens were then left
at 6 —= 7°C for one month, When the culture wac then placed into 2500
two puparia were produced after twelve daye, but it was one month befora
all larvae had pupated,

‘ These results show litt-ie except that Stevenia has a
| faculta.tlve d:';é.;éau.vse possi’biy agsocliated with the breeding cycle of the
host and Melanophora can only enter freshly moulted hosts and the hosts
of both these specicsz do not usuvally moult after entry of the parasite
in the case of Styloneuria or until the second instar parasite moults

in the case of Melanophora.
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13. DISCUSSION

Very little work has been done in the past on this interesting
group of Diptera although they are the only insec’a which are known %o
parasitise Crustacea.

Not only is their behaviour of interest, but also the morphology
of immature stages has a number of peculiarities.

Thompson (1934) considers that 'the Dipterous parasitésjbf
woodlice fall naburally into three main groups based mainly on the structure
of the buccopharyngeal armature of the first stage larvae!,

In hiz first group Thompson included Plesina, Melanophora, FPhytlo

and Styloneuria. During the present work it has been possible tc compare

not only the buccopharyngeal ermature of the first stage larvae of these
species but alzo their external morphology and behaviour, In these
respects the larvae are also very similar to one another, and differ from
the other species. The general body forms are alike, as is the structure
of the last segmeni; which in each species is so modified as to enable the
larva to stand erect Irom the substrate for much of its life,

Further, the peculiar sesking and somersaulting movements of
these larvas are characteristic of this group. As pointed out by Thompson,
the buccopharyngeal armature is slender, delicate in general construction,
having only a single articulation and with an anterior region rather short,
sub-quadrangular and bearing several more or less distinct teeth.

Thompson divides the remaining lsrvae into two groups: one

containing Freuenfeldia, Cyrillia and 'species B' and the other his

'species A' (which is Rhinophora lepida)., He separates Rhinophora from

the othar species because it has two articulations and two distinct

antefior sclerites in the buccopharyngeal armature of the first larval
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stage as compared with the single articulation and partially fused

anterior sclerites of Frauenfeldia, Cyrillia and his 'species B!,

The latter three species are grouped together by Thompson
because the buccopharyngeal armature is stout, heavily sclerotised and
deeply pigmented, having oniy a single artliculation but with one large and
one rather swall tooth,

Another factor which might be teken into consideration in
separatiné Bhinophora from other SPecies is that it is the only cne which
dispauses in the first instar., However, in exbernal morphology it is very

slmilar to Frouenfeldia and Stevenia, having articulated 'psendopods! and

even the same number of 'pseudopods! on cach segment which are absent from
the first group. The pestorior end of first stage larva of Rhinorhora is
also similar to that of [raugenfeldia and Stevenia and is characterised by
the presence of a palr of large swollen vesicles,

In behaviour patterns the first stage larvae of Frauenfeldia,

vevenia and Rhinophora also fell into one group; they have a lcoping

method of locdmction, abllity to rear up either anterior or posterior
ends, and enter their hosts at the leg base membrane. Thus on the above
characters the larvae could possibly be divided into two and not into
three groups.

While very similar in extermal appearance the second stage larvae
can readily be divided into two groups on their buccopharyngeal armature

which has only one articulation in Plesina, Melanophora, Styloneuris and

Phyto but two in Fravenfeldia, Stevenia and Bhinophoras.. This supports
the grouping of the first stage larvae,
The third stage larvae are, however, all fairly similar, except

that of Melanophora. which has only one articulation in buccopharyngeal
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armature compared with the two of other species. |

The BRhinophorinae in common with other Calliphoridae lay
undeveloped eggs, so that these do not hatch until some days after ovi-
position, The eggs are neither attached to or injected into the hgst as
in many Tachinid and Hymenopterous parasites but are laid just in ﬁhe
vicinity of Hhe host.

Whether or not the parasites of woodlice would have been more
successful had they evolved one of the perhaps more advanced means of
oviposition, is debatable., Thompson (1934) considered that because
Porcellio and Oniscus pass the greater part of their lives in protected
situations, under stones or bark, they are inaccessible to direct attack
by a parasite without a piercing ovipositor. However, during the present
work it was found that in the field, Plssina, Frauenfeldia and Stevenia
at least, usually crawled right into these "protected situations@ before
laying eggs throughout the microhabitats of the woodlice. Nevertheless,
in gpite of this, it is doubtful that the adult parasites would be able
"to reach the majority of their hosts in this way. Potentially, the habit
of laying many eggs in the easily accessible portions of the microhabitat
of the host and thus exposing the hatched parasitic larvae to moving wood-
lice may be the most successful method of infection. Certainly the high
percentages of parasitism recorded from many field habitats would suggest
this to be so.

The comparatively long period required for the hatching of the
parasite eggs may seem disadvantageous., However, there is a mechanism
which ensures that the eggs are laid in much frequented habitats of the
hosts. As hag boen shown, the adult parasite does not oviposit merely in

the presencé of the host or in itsg vieinity. The necessary stimulus is
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provided by the substrate which has been contaminated for &% least &

number of days by the secretions of woodlice., The fact that woodlice have
already been in a microhabitat for some time indicates that it is é
suitable one for them and that they will probably still be there séme days
after:ovipositipn by the parasite. There are several advantages to the
parasite in laying undeveloped eggs namely that these can be laid soon
after emergence (e.g. Melanophora will lay most of its eggs on the day of
its emergence) which minimises the chances of adult mortality befofe ovi-
position. Also the adult parasite doeé not have to feed and can cémplete
its oviposition in areas, such as woodland and seashore, where thefe is
little or no food supply. There are no records in the literature of
Melanoghora on flower heeds and the actually very common species ~ Plesgsina
has been recorded as "rare" because it has only rarely been found én
flowers. However, the long period requirad for development of the eggs does
subject these to the predation of mitves and even to that of the woodlice
themgelves,

Whether or not these advantages outweigh the disadvantages is
difficult to determine, but as these parasites have not evolved a
mechanism for the retention of eggs during devélopment as have many other
parasitic Diptera, e.g. Blgonichaeta (Sweetman 1958), the evolutionary
pregsure for the development of this was presumably not very great. On
the other hand as the deposition of undeveloped, unspecialisad eggs in
the vicinity of hosts is probably the most primitive method of dipterous
parasitic oviposition, and as the Rhinophorinae for other reasons are
believed to belong to the mainly non-parasitic Calliphoridae, it is
possible that this group has only recently evolved parasitic habits and

has not evolved any of the more complex methods of host infections
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characteristic of other parasitic Diptera,

However, the development in the Rhinophorinae of two unique
types of first stage larvae, each type and species being oharacteriéed
by specialised structures, by specialised behaviour and mode of ent?y
into the host, does suggest that a considerable degree of evolution away
from the normal Calliphorid type has taken place in the larvae at least.

_ The larval behaviour is perhaps a little surprising in some
respects, and in fact like the Echinomyiine first stage larvae, those of
the Rhinophorinae do not go in search cf their hosts, but usually remain
close to where the eggs were depoaited, until the host walks past them,

It is the mechanical stimuli which mainly activate the larvae
to attach themselves to a host. This type of larval behaviour may be
more primitive than the active searching behaviour in the DJexiids, since
presumably in the latter, development of a complex specific chemosensiti-
vity to the host ig required. Nevertheless, in the case of the parasifes
of woodlice, the method of remaining stationary, so that the host must
cone to the parasite before infection is possible, may well be most

effective since Porcellio scaber, the host of most of these species is

usually found in large colonies, and both P.rathkei and Armadillidium
yulegare, are to a certain extent colonial, Within a colony of woodlice
it 1s guite likely that the parasite larva will be walked over by a host,
especially since the nocturnal movements of the woodlice kncwn at least
in P.gcaber cause many of them to vacate and to enter their shelters
throughout ths night (P.J.Den Boer {1961), Le Gay Brereton (1957) and
thus much of the area within the shelter is traversed by potential hosts,.
If a parasite has to search for its hosts it must use up food

and water recerves and thus decrease its potential longevity as well as
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increaso the chance of superperasitism.

The degree of host selection by the parasite larvae varies from

Melenophora which attach themselves to anything mobile within theii reach,

to Styloneuria which prefer Porgellio scaber that are about to moult. As
Melanophora larvae can cnly enuer those hosts which have recently ﬁoulted,
numercus larvae of this species muet be wastad, since once attached to a
woodlouse, however unsuitable it is for penetration, they do not migrate
to another mors suitabie host. It is vossible, however, that the appearance
of the first stage larvae of the parasite may soincide with the moulking
of the hosts, which apprrently is synchronised in the field (Heeley 194L).
‘Thus at 25° pupation of Melenopliora %akes pleca about eighteen days af'ter
larval entrys and “his is approximately the lengbh of time belween moults
of Porcellio seaper femeles at this temperatire, Melanophora puperia
then take 12 - 13 daye %o hatch and egge are usually laid on the day of
adult emergence. The eggs take six days to hatch at this temperature.
Larvae thus emevge et approximately the same time as the synehronised hogh
moulting at 259 G, If host moulting and parasite pupal and egg develop~
ment are affected to the same degree by changes of temperature, then it is
possible that & similar cituation may occur in the field,

Styleneuria ¢u the other hand requires longer (at least 28 days)
to develop after larval penetration into the moulting host, to pupation,
and so the'haﬁﬁhing of first stage larvae does not coincide with the
moulting of the majority of hosts, The fact that Styloneuria first stage
larvae are much more resistant to desgication and live longer than
Melsmophora, and can discriminate between suitable and unsuitable hosts
probably COmpeﬁsates for the lack of a synchronisation of larval emergence

with the mowits of the hosta
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The situation is observed in the field in Plesina, Frauenfeldia,
and Stevenia, where the eggs are sparsely and widely distributed 'bh:rough—
out the shelter of the hosts and laid over a long period of time, the larva
remainihg near the egg after hatching, probably restricts superparafsitism
to a minimum, |

Each of these dipberous parasites has a different and
characteristic method of entering its host, However, one feature which
they have in common is the relatively long period (from several hours to
Several deys) required for completion of entry, This is in contrast to
most insect entomophagous parasites where larval entry is usually rapid.

Thus Bigonichaeta spinipennis mey take only & féw minutes to complete its

entry., (Swcetman 1958)

While the sélerites of woodlice are thick and tough, the inter-
segmental membranes and membranes at the leg bases are relatively thin
end delicate, IV is thus difficult to see why larval entry should take
such a Jong time and why the larvae of some species will not or cannot

commence Lo enter until just after the host has moulted., A further

problem is created by Styloneuris and Frauenfeldia, where only the
anterior part of the first stage larva is inserted into the host and
eomplete entry is only accomplished by the second stage larva,

It could be assumed that the reason why larvae of Styloneuria

and Melanophora can only enter just after a host moult is because only

at this time is the cuticle soft enough to allow penetration. Plegina
and Phyto lavvae howevery, will enter their hosts at any stage of the

rﬁov.lting cycle, When first stage larvae of Melanophora and Styloneuria
vere injected into hosts which had moulted a week or more before, these

'larvae. Wwere heavily encapsulated and died before reaching the second instar.
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This encapsulation may have been stimulasted by the wounding of the host
necessary for artificlal introduction of the larvae or by the fact that
ho posterior respiratory connection by the larvae with the exterlor was‘:$w
possible during their early growth, Howevéry it is alse p0331b1e that<
vhile the host is usually capable of encapsulating”larvae of these
species, 1t is either nobt semsitive to larvae or éannot'v'encapgq%gte them
Just after moulting. Unfortunately, it was not possible to injé;£ularvae
into freshly moulted hositz without the latter dying from loss of blocd.

The very slcw eniry of the first stage larvae may have evolved
to avoid eacapsulation. Thus the larval cuticle is only very gradually
exposed to the host bincds |

It is difficult to relate the specialised sites of entry to the
above consideration. Cn morphological grounds, the first instar larvae
of the Rhinophorinae are divisible, into two groups, the first consisting
of Styloneuria, Plesina, Melanophora and Fhyto, and the second of

Rhinophora, Franenfeldia and Stevenia., The first stage larvae of the

second group all enter through the membranes at the bases of the host's
legs and larvae of the first group enter through the intersegmental
'mémbfanes or in the case of Phyto through the membrane at the base of the
peﬁié'or corresponding position on the female,

.There are morphological differences between the first stage
larvae of the two groups which are possibly relevant to the different
sites of entry, Thus the three species with the largest first stage
iarvae enter the membranes at the leg bases. These membranes present a
larger circular area than the intersegmental membranes. The membranes
at the leg base of the host appeer to be more difficult to penetrate

than the intersegmental membranes since they are subjected to much
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greater stresses than the latter during leg movements. While the
buccopharyngeal armature of the second group of larvae which enter the
membra at leg bases is strongly sclerotised and has strong acute
teeth, the buccopharyngeal armature of the first group of larvae is only
weakly sclerotised and the teeth are feeble. Possibly this is connected
with a difference in toughness of the different membranes concerneds
The 'psevdopods! which sre only present on those larvae which enter the
basal leg membranez act as barbs during entry and aid in holding the
larva firmly between the sternites, They may thus help in preventing the
larva being tora from its site of entry es the host walks,

The only statements to be found in the literature regarding the
control of woodlice by their parasites is in the paper by Thompson (1934).
In this papcr; he suggests that ™shiis cne would expect the insect
parasitss of wzodlice to be of considerable imrortance in regulating
the ntmbers of these drganismds the data &t present available do not at
precent suggest this®. Thompson points oub that most species do not

appear to be abbtacked at all while olhers such as Armadillidium vulgare

and Metepcnorthus pruinosus aré only rarely parasitised. He records from

his dissections of 1737 Poréellio scaber and Cniscus asellus that "the

average parasitism i relatively low". An average of only 9,1 per cent
for Porgellio and 3.1 per ceént £or Onigeus; and maxims of 25,2 per cent
for Porcellio and 7.2 per cent for Oniscus 1éd Thompson to say that "I
1s thus evident that the dipterous parésites aré not factors of major

" importance in the comtrol 6f woodlice: Neveértheless, since under certain
conditions as many as a quarber of the hoeh population succumbs to the
parecitic attack, it seems at firs® sight, that the Tachinids must play

& very real part in control". The formér senterice of this statement
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appears to be a2t least partially contradicted by the latter;

The term "control" has often been used very loosely. Thus it
could be supposed from the above statements of Thompson (1934) that it
1s the degres of mortality which is all important in determing whether
or not a factor is a controlling agent. However, as Nicholson (1933)
and many other authors have since emphasised, the degree of mortality
caused by a particular factor is not evidence in itself of whether or not
this factor is of importance in population control,

Solomon (1964) defines natural control as "The process(es) of
keeping the numbers of animals, in a population not controlled by man,
within the limits of fluctuation observed over a sufficiently represent-
ative period". It is now widely accepted that to exercise control of a
population, a factor must have & density dependant or delayed demsity
dependent action.

To determine whether or not certain parasites exercise
important controlling actions, observations should be made for a number
of years and preferably the relative importance of different factors
causing mortality analysed by the key factor analysis (see Morris 1959,
Varley and Gradwell 1960).

No such obsecrvations and analyses have been made on populations
of woodlice and their parasites and therefore conclusions on the control-
ing effect of these parasites are premature.

Some information which may be of use to future workers on
population control of woodlice has however, been forthcoming from the
present study although little evidence has been obtained abouf density

dependance of the Rhinophorinae,
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My investigations indicate that many British species of
woodlice do ‘not seem to be hosts of dipterous parasites. Oniscus asellus,
although occasionally parasitised when it is internixed with Porcellio
scaber, ié usually able to kill the parasite by encapsulaﬁion beforte :
being killed itself. In this species, therefore, it 1s very unlikely
that any degree of control of its population size is exereised by dipt-
erous perasiteg,

Porcellio séaber, Porgellio rathkei and Armadillidium vulgare
are the only species of woodlice which I fou.n'dn fo be effectively
parasitised and in which parasitic control is, therefore, possible.

In considering the control and mortality of_P.scaber, Thompson
(1934) was not in possession of certain facts which may have an
important bearing on the problem. Firstly, while he considered that each
s;‘;)‘le:cieé:of"' parasifé completed only one generation per year, I found that
all spécieé excepb Rll;,izvloghg‘r:ahhavg at least two #a;qd‘ usually more
generations in a single year, Further, ‘speciies‘ wh:Lch rﬁéy “be the most

efficient parasites, namely Plesina. Styloneuria, Melanophora, ususlly

paragitise a considerably higher proportion of female hosts than males.
In certain habitats,populations frequently have parasitism greater than
30 per cent, and in one large population 'pa.rasitism of female hogts was as
high as 82 per cent, Piesina which is the commonest species produces the
highest percentage of parasitism and tends to atback larger woodlice
which usually have larger broods than smaller ones and which also have
more broods per year,

In general, where populations have become large and where they
are in close proximity to other populations, the percentage of parasitism

is relatively high. Thus an average percentage parasitism of all woodlice
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collectol from different habitats such es is quoted by Thompsoﬁ (1934),
tends to be misleading

Heeley (1941) published an account of the reproauctive capacity
of Porcellio scaber (ameng other species) in the field, In this species,
the females produce per annum one hrood averaging 36 young and 10 to 30
per cent of them produce a second brood averaging 12 young., Most females
are capable of producing broods for at least two years in succession and
in some cases for three, Heeley (1941) found that Porgellio geaber must
overwinter twice before they could produce broods, but Verhgeff (1920)
considers that only one overwintering is required,

I have found that Plesina, Styloneuria and_Melanophora produce

150 - 450 eggs, and Frauenfeldia 50 - 150 eggs in each generation and that
these parasites have at least two generations a year in the field, while

- Melanophora may possibly have twice this number of generations.

Rhinophora females produce at least 2 100 eggs but have only one generation
a year,

Parasitised female hosts can produce a brood only extremely
rarely, The fact that the reproductive capacity of males appears to be
unaffected until they are finally killed by the parasite probably has
little influence on the effectiveness of parasitic control especially
since usually a much higher proportion of females than males are
parasitised,

In considering the greater reproductive capacity of the
perasites compared with that of the hosts, it must be born in mind that
Styloneuria and Melanophora can attack hosts énly at the appropriate
stage of their moulting cycle. Although the field individuals of

Porcellio sceber are said to0 possess a common synchronised rhythm of
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moulting activity (Heeley 1941), there is little evidence at the moment

of parssite synchronisation with the host and the fact that the more
vulnerable newly moulted woodlice are also exposed to cennibalism, may
be one reason why parasitisation by Styloneuria and Melanophora does not
generally exceed ten per cent,

Styloneuria which is usually found in populations of woodlice
without other parasites and which usually has only two generations a year
does not cause very high mortalities in host populatiorns, As moulting
is generally suppressed when woodlice are parasitised by Styloneuria, the
comperatively low percentage of parasitism by this species is even less
effective than it appears since mortality by cannibalism occurs during
moulting,

Percentage paragitism by Melanophora is usually insignificant
excepbt in the gea shore habitats where it is the only common Rhinophorine
species, In such habitats where parasitism reaches 10 per cent, and
- where the parasites may have as many as four generations a year, they may
cause high mortality of hosts.

Plesina seems to be the only species which may exercise really
considerable mortality. As a gpecies which is present in almost every
woodland and tree habitab of woodlice, causing paresitism which often
exceeds 30 per cent and occasionally reaches 80 per cent of the female
population, its two generations & year must invariably kill off a very
large proportion of each population of its hosts.

However, even this does not necessarily indicate that this
parasitiem is the main controlling factor since cannibalism is rife in
Porcellio gcaber colonies, Woodlice are also dependant on high humidities

and there may well be a shortage of suitable sites as soon as a population
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incroases exoessively. Thus in the absence of the parasite, the size of
the population would be eventually limited, although excessive comﬁet—
ition for space would probably also cause much successful migration to
other habitats,

Only relatively low percentages of paresitisn have beenvfbﬁndﬁ
in Armadillidium vulgare parasitised by Phytc melsnocephala and in
Porcellio rathkei parasitised by Stevenia atraﬁentaria,

Finally, while only seven species of Rhinophorinae have been
recorded from British woodlice, several other species of this sub family

are found in Britain end in most cases their hosts are unknown, for

instance, Morinia nena is quite common , % is likely that one or more
of these other species is actually parasitic on woodlice although

probably not on Porgellio scaber. The results of dissections of several

thousands of this spceies have shown that Fravenfeldia occurred in only

three localities and only comparatively small numbers of other species of
woodlice were dissected,

It is considered that only a superficial survey of an execiting
subject has been made and that the field is open for intensive invest-

igations of many aspects of parasitism by these interesting insects,
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i.
APPENDIX

Explanation of tables of dissections of woodlice from various habitats.

1) Hebitat No: Each habitat is numbered for reference and probable
separate or partly seﬁérate populations are lettered with small

letters,

2) Habitat Type: denoted by capital letters. The left hand letter

applies to the microhabitat and the right hand letter to the macro-

habitat.

Key to lettering:

Microhabitat Maerohabitat
- A ~ Beneath loose bark of living T ~ Woodland
trees,

G - Gardens and wasteland

B -~ Beneath loose bark of logs,
S -« Seashore

C - Beneath bark and amongst wood

of dead erect trees D - Sand dunes
D - Beneath stones and rubbish F - Fields
E - Amongst tree litter H - Heathland
F - Amongst roots of grass, ete; C - Sea cliff

G - Beneath vegetation on rocks

W = Within stonework of walls

3) Estimated population gize: Usually given to the nearest hundred
woodlice. Where the population is definitely greater than five thousand
it is classed as inf. - (infinite). The number given indicates the

number of Porcellio scaber unless otherwise stated.




ii.

4) PEstimated desree of isolations A population of woodlice is classed

as "solated" if there are no other populations of the same species within
a fow hundred yards at least. Where this column is left blank it has
. been impossible to estimate the degree of isolation because of the

proximity of gardens, et¢. which may or may not contain woodlice.

5) Access to parasite: Classed as very good, good, medium, poor and

Very poor.

6) Key to abbreviations

Hostsg Parasites

0, ~ Oniscus asellus P, - Plesina

A,v, - Armadillidium vulgare S. - Styloneuria

A4, - A, depressum M, - Melanophora

é.r. -~ Porcellio rathkei R. - Rhinophora

P,l, - P,laevis F, - Frauenfeldia

Ph, - Philoscia muscorum Ph.- Exiso

0, - Cylisticus convexicus Ste, ~ Stevenia

L, - Ligia oceanica 4, - _Acanthocephala larvae

Am, ~ Amphipods

M,p. -~ Metaponorthus pruinosus

M,c, = Metaponorthus cingendus

T,a, - Trichoniscoides albidus




iii,

Only rosults obtained from dissecting woodlice collected from
November to April are included because during other months some
parasites oceur as‘adﬁlfs;légéé or free living first stage larvae.,

The numbers of pafaéites.fearéd in culture from field
collections are not included firstly becausé'céﬁnibalism amongst hésts
occurs frequently but also because diapausing parasitic larvae are often

killed by their hosts.



iv.

Habitat Estirated Eatimated  Access Yo, P. scaber No Other Species

Localt Date Population Dagree of to
v W— Sige Isclation Paresite Dinssected Paresitissd Dissacted Parasit{sed
Beddington Jen-Feb la) AT 500 Bydb) v 140 Ve 2, 2,
Pary g‘“\n'rq 1964 1b) AT 200 B yda goodw 157 49, - £ 2k
1) o7 300 200 yd a)  poor 125 28, - -
u) ar 2000 1000 yd 8)  v,good 350 m, 46,0 2.2
le) AT 300 Oydd) goos 270 m.f - -
) AT 200 75y a good 194 76.E 1.8
betueen 1. - -
3 AT 30 8) and )  good 23 2, 4.0 0
AT 20 do. good 15 3B - -
u) ar 20 do, good 18 LE 7.9 0
13} AT 0 do good 8 ) - -
k) T 100, 200y d) nedicm - - 60,0 0
1) or 40.0 80 yd a) medium - - 34,0 0
Jen 1965 14) AT 200 isclated vogood 100 17.p - -
Mitohea Jan. 1964 2-; cr 60 1s0lated poor 57 4F 12,0 0
s 3y 2b) AT 30 isolated good 25 ] - -
Hayes Fob, 1964 3s) AT 150 155 b vogood 116 6,P 8, 0
Common, Kent. 3b§ AT 80 15 g -é Ve good TR JJ.E - 2 -
30) BT 30,30, 10y b poor 26 3. 30,0 °
Eghem, Jan 1964 4s) AF 10 10y b) good 6 15.p - -
Surrey ib) ar 300 10yda) vogood 269 7TE 3 - -
Opalx, Feb, 1964 Sa) AG 300 25yb good 258 8PN - -
Kent. 5%} AG 80 25yd a nedimm 65 %P - -
5¢) Do 24,109,0 10y b nedium 28 [ 50,0 o
Seale, Pob, 1964 6a) AP 120 35 0) good 204 24p WAy, o
Xeat. . 17. Ba
6b) AP 200 35ye) good 169 42.p - -
Bulg, nlss 7 M 100 feolated  good & 9. - -
aMt. .
Baclland,  Mar,296, 8 AP 200 1solated good 134 182834 - -
Kent, b
Clifte, Mar,1963 9a) DG inf:,0 150 yd d) - - - zso.g: 2 Ste
Kent, . 30 . -~ 18,
Feb, -
Mar, 1964 9b) 4G 90 100 yd ¢) poor 8 2. i.x
{ 90; ca 100 200 yd b) poor 4 6.{1.& 36.M:p 0
o) 6 inf, Q.
‘ 100 Bape —~ nedim 26 0 aoo.%‘ o
25, 285t
: 1004,y 2B
v fon o
8 p.1 0
%) DG BOKHD 50ydd - - - . 80.Mp o
9f) 1o - SOy b wediun - - zoo.ﬁ 3 B
9%) co 200.4,y 200 yd & poor - - 150. 1 B&.
e Mer,=Apr. ,10 = 2000  1isoleted vopoor 100 LB 2.8  30.hx I5te
rdrte . 564 10 BF 1000  isolated vepoor 120 )1.°2 ig 10.Eax 1Sta
Peb%s 10 bR 000  isolated  poor w  SEnE mEr o
Highes, Apr,1963 1) DT 500.4 20 yd.b) nedive - - 100.A,¥
Kent - 200.Q 50. 1
11b) B 20 y@ .g v, poor 100 8P 150.4,y 2 B
Mar.1964 11b) BT i?s‘ 25&’“ 100 13.F LM
] O poor . . - -
e) AT 200 ig v b? good nz 462 - -
e
m; 200 155 o poor m 32.F LN - -
1e) A7 5 Oy b;& aediom 39 ENEN - -



8
11

locality  Date " Nebitay ::::m Estimmted Access _ No, ¥, sosber ¥o. Other Species
tion Degres of %o
Noe ﬁz Sige Iloh.:1:n Parasits  Dissected Parssitised Dissected Parssitismst
Oakleigh  Mar,1964 120) AP &0 100 yd b 34 1, - -
Mr Mighm m; AT 300 100 ;’: a E’:ﬁ- 178 z:..z 1, - -
Kemt. 1.8 2,
lm.‘ » Apr,1964 13 BT 600 isolated  v,poor 100 (A 2410, -
r bole, Apr,1963 1 BP 800 tsolated  v,poor 250 o - - -
on
Otford,  Des,19%63 15a) OF tnf, 20y b) poor 100 &R3E - -
Kemt, - mi AP 200 20 3 e 3% b 6.! 50.; -
Mor.1964 15a) cr inf, tsolated  poor 50 z.f 6. - -
Broaley, Apr,1964 16a) AT 300 30D v.good 352 103.P 4.8 - -
Kent. 16b) AT 250 0ye) good L] 19, - -
150) AT 60 35y b) good 50 . - -
16d) ar 800 150 !: : b v,good 190 - -
16e) AT 100 6534 4d) good 68 20.‘ 1.8 - -
l6¢) BT 150 10y e poor 7 27, - -
l6g) BT 0 15 e v.poor 63 15.p - -
Peb,1965 16a) AT 30 130 3 h)  v.good 18 5.F - -
164) ar 30 120 /4 k) v,qood 2 3.k - -
16b) AT 500 W) good 54 18, - -
161) ar 20 10Mh) snedlmm 35 5., - -
ﬁ AT 100 0 h)  medim s 10, - -
14 50 200 4 h v, good » 14, - -
161) AP &0 25 yd k)  good 57 17.F 1M - -
’ l5a) AP 100 10y41) poor & 9.f - -
dshtead, Jan,1964 17 AT 500 - sedim 334 58.2.160. = -
Serrey 2,7 LM
iynsford, Dec,1963 1%) CT &0 204 b “ 1. - -
Keat, m; B 50 Ry & 38 z.§ - -
Bensfield,
Kent. Mar,1964 19 BT 300 1s0lated poor 221 4eRe9M - -
Badgers - Dec,196) 20 BT 300 {solated  w,poor 100 9 17 1 Ste
Mount.Kent. t 50 0.
:m, Sept, 1963 21 BT 50 -— poor 30 2,F - -
-‘.
.Mxm. ¥4, Oct,1963 22 BT 300.0 - ‘poor - - 20040 0
::::u wa, Oet.1963 23 BT 100.Q - poor - 7.0 o
. r.mn%t Kov,1963 24 DT sggg isclated  mediumm 200 3.p 100 Mep o
T rebagss 24 OT 200 B2 letet  wettm 50 0 Wrp O
8ilvood Nov.<Dec 2%5) G 200 oe good 50 7L 5.2 - -
Park, 1962 250 4 o
Berks 25b) B 150,0 200 yd a)  poor - - 100. 0 0
Mar.1963 25¢) BG 100 0 a poor 50 3.2 3P 20, 0 0
254) BT 40 150 yd k)  poor 20 2,§1.F 300 o
Apr.1963 25¢) AF 1000 25094 & poor 850 2;.p 20.p . _
100 yd g 90. 2.8
25¢) AP 300 20 y4 @)  poor 50 2,F 5.p - -
25g) AP 500 100 yd o poor 20 3.B - -
25h) Br 150 Dydg) poor 40 EN - -
251) cr 1000 7 yg) poor 100 gg 3.4 - -
255) BF 60 0yle) wpor 56 1. 25, )
Oat, 1963 25£ AP 200 -— nediom 100 7?: L.r - 2 -
251} cr 500 -— poor 50 3.p - -
Mar, 1964 25k) AF 400 400 good 110 1B.p2.¢ - -



v,

Habitat Estimated DEstimated Aooess ¥o, P. soader Yo, other species

Looelity Date population Degres of to
R Sise Isolation PFuresite Dissscted Paresitised Dissected Parasitised

New lodge Apr,1963 26 NP 250  fsolsted poor , 50 2,E L} - -
Progmore, 1963 27) W 250 sentinuous - - 150 -3
Barks, aal 2 o uo'u isolated :: 50 % J Dhr 3B
2%) inf.Ay ocontinumus o - - xxgg % n
Mar, 1964 27) WP 50,4,y ocontinuous medimm - - &7 2m
2N) ar 100 isolated  good 9% 20.p -— -
Baging- apr.1963 28 W 1000 fsolated  poor 405 22.3 - -
stoke,
Neats.
Trtibol Mr,1965 29 - - - - - 100 A4 -
Shepherds
N ¥ov,Des, 30s) DG 2000 50 yd, b; nadimm 4% 7R w0 0 3&
» 1962 300) DG 5000 50 ". a nedtioe 480 9. g‘% :.
Voolwick  Sept.Ost 3la) DG 1000 - selim &5 1us. g 47 33
Leadon 1963 ) o 300 100 yds.0) wnediom 50 n. -— -
Belveders, Nov.Dee,
Kemt. 196 3%) I 500 200 yds.b) wedime 410 9. s 2.0 1.8
Apr,1964 32b) DO 150 200 yds.e) mediom 95 18, - -
Nee Cross Jun,1964 33 DO 0 - il 25 28, 8 - -
Leadon
Kensington
!::u Oot,1962 34 MO inf, 0 - melimm - - 200.Q 0
Bot! Oct.1962 35 DG 500 - aolton 150 1, 50, ]
nu??a'un : ‘ a 9
Palhem,
London, Dec,1962 36 DG 2000 - aedioe 200 18, 3 50. 2.8
Levishen,
. Mar, 1965 37 DG 250 - welditm 50 2,35 WOLa O
Elacktush b
Serrey. Wor,1964 38 W 500 1solated  weditm 200 0 - -
Gallmywood, Deo,1963 3%) DO . 200 '
3%) Do . 300 Kp S5O yds.s) medimm - - 200 £I 0
Chelses, Dec,1963 40 DG 200 isolated  wedioe 100 7.8 SOy ©
London
Polthen
Mddx, ¥ov.196) &3 DO 200 isclated medimm 75 . B 20. 0 0
814 +1965 0 350, 1sclated  medi - - 200, o
x-:p' o ﬁn = 1nf, %; mtlms” - - - 150 ng o
:tu Town, Apr.1963 4{3s) DS 1500 300 yds,b) medizm 808 60.Y 5.R §o° Az
Seilly Dhles. oY) 18 inf, continuous medimm 200 6.y g.i
Woolpeck, do.  4%) IS 1000 1eolated  poor 100 2.3 57k
St.larys ‘
Inland,
St.Marys, do., iN) F 500 isolated  poor 150 2.8 -
. ) TP - continmous - - - 50 o 0
Garrison, -
St.Marys. do. 431) Do 200 A,y 1solated  poor 24 0 A (]

1



vii,

Babitat F‘QL—:;I ll;‘:i,:t: ) mu . Bo,s P, moster Ko,other Species
on
loeality  Bte v Blse | Ilation Parestte Dissested Ferssivived Dlssected FerssTtised
Coverack, Apr.1964 i4a) DS inf, oontinuous wedimm 100 23. 4 6. 30 .0
Corraell, 44) a3 inf. oontinuous poor 100 8, - S - b -—
Apr,1965 4i4e) DS {nf. continuous medimm 50 9. Ko LB 40. L [
i) a3 inf, continuous poor 50 5. ¥ -~ -—
ike) 18 - 20 yd, &) - - - s )
Pamsance, Sept,1962 m; ] 500 1sclated  medimm 300 (] - -
Corrwall. 45b) Do 50 tsolated medlmm 200 6. HLZ - -
St.Ives  A,1964 46 D8 inf, continuous nmedimm . 500 o -~ -
Cormvell
Scorrier, Apr.1964 47s) DG 100 isolated  medimm 65 1.3 23.9 o
Cormwell  Apr,1965 470) AT 50 - nelim 40 3. -— -
Yaemporth, Apr,1964 4Se) DG 2000 nedimm [ 100 2,
Cormrall | m; 0 :gg.u 0 s, o) wedlm 1% 2.8 = L
) Aprel965 i) DG 1000 cootinuous mwediwm - - 50, 2.
Perthtoven, ipe,1964 (%) WG men ocontinucus wedios 100 9, i - -
Coraall 4%) oc in?, eontinuous  poor 100 3 - -
49%) DG 500 200 yds.0 & 3.
) nedimm 11 5.‘ 13 0
) or - 200 yds o) medimm 48 o m1g
4]
4%) D8 - 500 yds .; poor - - s [}
) M - 200 gds o, sediom - - ” ]
Apr.1963 (%) VWO inf, continwous medimm 50 2. i_ - -
4%) oc inf, oontinwows poor 50 3. - -
Godrevy, Apr.1296% | - 200 34, b)  sedimm 36 [ - -
QGorewall 508) DO inl, oo aadius 50 0 - -
50¢) WD 200 300 yd, b} medimm r 0 - -
Apr.1965 50b) DD inf, continnous aedim 220 3.4 LE 100 gv k5 )
fayle,
Cormmll  Apr,1964 51 DO - isolated  medimm 6 3.3 -— -
Rosevarne, .
Cornwall  Apr,1963 52 TH 200 - nedinm 184 [\] -— -
Cemdorne, Dec,1962 53e) DG 1000 - nedlom 200 n. N 0.2 0
Cormsll  Apr,1963 53b) DH int, continmous wedimm 100 g.g .2
Apr.1964 536) Do 350 - seiim 7.3 %9 Lg
5d) R 500 400 yd, b; aslim 200 LS - =
53¢) OP 500 200 yd, ¢) aedim 50 2.3 - -
Lends End,
Cormmll  Apr.1965 54 H inf,A,¥  continuous medium - -~ TAY b}
Cape Owll,’ Apr. 1965 55a) ™ inf, continuous medinm 50 0 -— -
Cormrall 55b) WR inf, ALY ocontinuous medimm - - 50.4.¢ 6P
Trebarwith,
Cornwvall  Apr, 1965 56 GS inf, continuous medium ] LN LE 30 Mg 0

Nlogen
Cormall  Apr. 1965 57  CT 600 - poor 00  3PLE — -
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