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INTRODUCTION.

The spontaneous development of the peculier hypopus forms
in the Acerine is meinly confined to members of the Tyroglyphoidea.
The normal sequence of stages in the life-cycle of these mites
consists of the egg, the larve and two nymphel stages, which
intervene before the adult state is reached. But, this sequence
is liable to be complicated by the spontaneous occurrence, between
the nymphal stages, of 2 peculiar arrest in normsl development
expressed a&s the so-called hypopus form.

When this hypopus form does occur, it inveriebly does so
at this juncture in the life-cycle, but, the actual form in which
it is expressed varies according to the species. In fact, it has
been possible to grade them into @ linear series. At one extreme,
the hypopus condition esssumes a cyst-like stete, at the other, a
shield-sheped well sclerotised mobile form, utterly unlike the
normal form of the mite that produced it. A range of inter-
mediste forms link these two extreme conditions (Oboussier 1939).

It has recently been pointed out that mites appeer to
fall into one of two natursl groups according to their type of
development. Those of one group are distinguished by exhibiting
typicel ecdyses, those of the other, by atypicel ecdyses involving
pupe-formation (Jones 1950). Tyroglyphid mites belong to the
former group, thus they moult typically as each stage 1s developing.
The same worker has also proposed that each stage consists essen-
tially of @ developmental phese and & growth phese (mobile).

It will now be clear that in tyroglyphid mites the
developmental phase immedietely following the protonymph stage
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is simed towards the realisation of either the normal deutonymph
or the hypopus form. The production of either is accompanied by
a single moult.

The hypopus condition haes been accepted by acarologists
as an extra nymphal stage, when it occurs, either in the cyst-like
state, or as the mobile shield-shaped form. Reuter (1909), for
example, regerds the hypopus form as being equivelent to the deuto-
nymph. Interest, in fact, had been centred upon whether or not
the form was equivelent to the deutonymphel stage when it occurred,
thus guerying the validity of regerding the second nymphel stage
which followed, as the deutonymph. Opinions differed, but, the
view most upheld, wes that the condition was @& spesmodically
produced stege occurring between the protonymph end the deutonymph.
Its mein function appeared to be concerned with distributing the
species, since the hypopus forms were adapted for attachment to
larger arthropods end other animels, that provided them with en
opportunity of hanging on. The bulk of scattered evidence on
factors whieh induced mites to develop the condition, left much
to be desired with regard to detail and care in experiments.

But, the indication was that harsh conditions in the environment
effected & change from the normel state to this hypopus condition.
A genetiesl explanation hed elso been put forward, as @& speculat-
jon, to account for it. Solomon (1943) in his review of tyro-
glyphid mites mede it eleer, consciously or otherwise, that much
confusion existed over the modulating effect of the environment,
and that the hypopus form was still something of en anomely to
the acarologist. It wes certainly true theat the exact nature of
the hypopus condition hed not been satisfactorily defined.

The /
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The chief aim of the present thesis haes therefore been an
ettempt to define the essential nature of the hypopus condition by
investigeting the morphogenetic movements which are directed to-
wards the schievement of the hypopus form. Before this work was
begun, there seemed a possibility that, at least the cyst-like
hypopus state, was the result of arrested development. In other
words, there was & halt during the developmentel phese of the
deutonymph and the mite persisted in the eyst-like condition.
Wherees this view wes the mainspring for carrying out investigat-
ions, it by no means expleined the development of the shield-
shaped form, which was so utterly unlike the normel form, and
obviously so well adaepted for carrying out its specialised task
of distributing the species.

The second complementery aim has been to investicate
the influence of the environment upon hypopus development. But
it has been done only to an extent sufficient to find out if there
is e first cesusal connexion between external factors and the
arrest of development, and, furthermore, if such factors break
the persistence of the hypopus condition once it has been estab-
lished.

There is perhaps little or no need to emphasise at the
outset, that the hypopus forms of Histiostome polypori Oud.
(mobile form), Glycyphegus destructor Schr. (intermediate form),
Glycyphegus domesticus de Geer (cyst-like form), which were chosen
for investigation, being minute in size and equipped with & tough
or haerd cuticular exoskeleton, provided & difficult medium for
histologicel studies. It is perhaps reasonable to suggest that
the disedventages they presented as & medium for study may have
been /
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been responsible for little previous investications of this kind.



S.

MATERIALS AND METHODS.
Rear Arran ts.

This section is concerned primerily with these methods,
which were adopted for providing mite material (H, polypori,
G, destructor end G, domesticus) et known steps in the development
of protonymphs into hypopi, and, of the hypopus forms back to the
normal state. Descriptions of the arrangements for carrying out
appropriete experiments have been included in those seetions of
this paper dealing exclusively with the exact nature of the
experiments and the results obtained.

Stock colonies of G. destructor and G, domesticus were
housed in shellow dishes (34" x 2" x 1" deep), having ground edges
end fitted glass covers. To provide the appropriaste humidity
requirements, the glass cover was sealed to the edges of the dish
with veseline, and the underside of the cover was wetted with a
drop of water once a week or as regquired to retein a reletive
humidity sufficiently high, but without encouraging excess fungus
growth. A thin slice of cork was placed in the dish to encourage
hypopi, which show a predilection for collecting in ecrevices, to
aggregete in the holes and grooves of the cork itself. This
attraction of hypopi to the cork was useful, because removal of
the piece of cork with attached mites, eliminated the laborious
task of hunting for scattered individuals emong the colony. It
was onstomnry'to introduce a small quantity of flour, infested
with the required species, into the dish, when setting up & fresh
stock. The stmosphere inside the dish was eerated by simply

removing /



removing the cover et regulsr intervals.

The humidity end food requirements for colonies of
H, polypori were different. The colonies were kept in Petri
dishes. A Petri dish for housing H. golzpori'waa first prepared
by plecing a2 moist layer of cotton wool on the floor of the dish:
a plece of black filter peper was then pressed on to the surfeace
of the cotton wool. The colony fed end multiplied best on cut
portions of dead eerwigs; small quentities of decaying vegetable
maetter were added 1ntermittent1y.A

Now, it so heppens, that even when & colony is thriving
under the influence of a favourable food supply, and a high
humidity, small numbers of hypopi are produced. Should the colony
become exceptioneally crowded, the hypopus production is liable to
increase. But, for experimental purposes, large numbers of
hypopi were often required, and the necessery numbers were produced
by moduleting the environmental conditions. This was done by
gsimply neglecting the culture. The atmosphere becsme slowly
drier, and consequently, the food lost its moisture content.
It wes precisely these conditions which, et leesst indirectly,
promoted the development of a colony domineted by large numbers
of hypopus forms. As long @s the harsh conditions were meintained
the colony consisted almost entirely of hypopus forms.

In order to examine the progress of the development and
growth of mites under the microscope, sub-cultures were kept in
filter paper cells. Eech cell consisted of a Perspex framework
(with 4 cm. sides, 0.3 cm, thick and with a central hole with
bevelled sides). Filter peper was fixed over the narrower
diemeter of the hole with Durofix; a cover glass was placed over
the wider opening to enclose the reering chember (Plate I).
Reering /



PLATE 1I. The perspex cell (see text for details).
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Reering cells containing H, polypori were housed in Petri dishes
prepared as described above. Those containing G. destructor and
G. domesticus were likewise placed in the type of dish used for

rearing a stock colony. The appropriate humidity wes meintained

inside the cell by placing the filter paper floor of the rearing
chamber either upon, or immedistely above, the thin leyer of flour
in the dish.
The Distinguishing of Mites in Different States of
Growth end Development.
It is legitimate to assume that & hypopus form begins

when the protonymphal cuticle loosens from the epidermis. But

it wes necessary to examine carefully protonymphal stages to try
and discover at a much earlier time, diseriminating chenges, by
the examination of whole orgenisms, that would point to the
subsequent development being directed towards, either a normel
deutonymph, or a hypopus form. Fortunately, it was possible to
identify without much difficulty, growing protongymphs, except
those of H. polypori, that were destined to change into hypopi.
Moreover, the identifiesble chenges began to show about three
quarters of the way through the growth phase of the protonymph.
Consequently, chenges linked with differentisting processes aimed
towards the realisstion of the hypopus form could be followed from
the last quarter of the growth phase of the protonymph, and further
changes could be observed up to the time of emergence of a normal
deutonymph from the cuticle of the hypopus. In order to obtain
histological informetion on the progressive sequence of events
concomitent with the differentiation of & protonymph into e
hypopus, and of the hypopus to & deutonymph, the following growth
end /
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end development phases were chosen for histological examination,
1, protonymph midwaey through the growth phase before any sign of
the change to deutonymph or hypopus could be detected, 2, proto-
nymphs about to change into hypopi, 3, hypopi in eerly end late
steps of the developmental phase, 4, stable hypopi, 5, hypopi
showing signs of change to the next stage, 6, deutonymphs in early
and lete steps of the developmental phase and 7, newly emerged
deutonymphs. Serial sections of the chosen meterisl were cut

in sagittal, horizontel and transverse planes.

The varying steps in the progress of development and
growth of G, destructor were identified in the following ways.
Protonymphs, fixed three days after emergence at 20°C., corres-
ponded to the mid-wey mark of the growth phase. Late proto-
nymphs, destined to change to hypopi, were easily distinguishable
beceuse their shepe resembled thet of the hypopus case and becsuse
of the cheracteristic net-like pattern of the cuticle (Fig. 1lA).
The early developmental phese of the hypopus wes detecteble owing
to the mite's immobility, and it would not move even when stimu-
lated. The net~-like pattern on the cuticle was also more definite
and there was a slight retrection of the soft body from the
enterior end. In the lete developmental phase of the hypopus
the soft mite had assumed the definitive oval shape of the hypopus
(Fig. 1B). The stable hypopus was oval in shape end the whitish,
somewhat opaque, protonymphal cutiecle now possessed an even more
definite net-like pattern. When the hy§0pua was removed from its
case and viewed from the ventreal surface, a large number of
globules could be seen in the haemocoel (Fig. 1C). When the
hypopus was about to chenge to a deutonymph the globules broke

up end the anterior part of the mite became more transparent, and

the /



FIGURE 1.

External views of whole mites of G. destructor

end of the cuticle of G, domesticus.

, Dorsel view of a late protoanymph.
Dorsel view of a late developing hypopus mite.

-

Ventral view of a hypopus mite.

U Q w >

Ventral view of & mite changing from its

hypopus condition to the deutonymph.
E, The surface of the cuticle of a late protonymph

of G, domesticus.
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the posterior psrt darker. But the mite et this juncture
responded to touch by moving its legs. The eerly developmental
phase of the deutonymph was recognised by the complete absence of
globules, & further increase in the density of the posterior region
end the inability to reaet to stimuletion. Late development of
the deutonymph was recognised by the outline of the deutonymph
visible inside the hypopus cuticle (Fig.. 1D). Finally, deuto-
nyuphs were fixed within six hours of emergence troh the hypopus
cuticle.

The steps in development and growth of G. domesticus
were identified in much the same way as those of G. destructor,
except that the appearance of the protonymph cuticle was different
and the hypopus lacked legs. The pattern of the protonymph
cuticle, for example, is due to conchoidel markings (Fig. 1E) and,
when it forms the outer hypopus case, it is more transparent than

that of G, destructor. The ebsence of legs in the hypopus

elimineted the possibility of using a stimulus to produce leg
movement a&s an indicetor to help in distinguishing the late hypopus
from the early developing deutonymph.

Protonymphs of H. polypori mid-way through the growth
phase were obtained by fixing protonymphs about two days after
emergence from the larvel cuticle. Ae slreedy mentioned, late
protonymphs esbout to chenge into hypopi could not be distinguished
from those chenging to deutonymphs. Developing hypopi could be
recognised, only when the outline of the hypopus had become visible
inside the protonymphal cuticle, the earlier stages being in-
distinguisheble from developing deutonymphs. Newly emerged
hypopi were fixed within two hours of emergence before the cuticle

had hardened completely, to minimise damage to the sections by
the cuticle tearing. Hypopi ebout to change to deutonymphs

were /
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were identified by a slight swelling of the hypopus and the appeer-
ence of excretory erystals in the hasemocoel. Considerable swelling
of the hypopus with the legs pointing streight out at right angles
to the body indiceted the stert of the chasnge to deutonymph. In
the lete developmentel phase of the deutonymph the outline of the
deutonymph was visible inside the hypopus cuticle. Deutonymphs

were fixed within six hours of emergence.

Histological Technigues.

Fixation of the soft tissues of arthropods, encased, as
they ere, with & hard exoskeleton, always presents the problem of
employing @ method which will eneble the fixative agent to first
penetrate the covering cuticle. The small size of mites, with its
sccompanying high ratio of surfece to volume, adds to this diffi-
culty of cuticle penetration espeeially in the cese of hypopi with
their herd brown cuticle (H. polypori) or resistent thick cuticle
(G._destructor end G, domesticus). My colleesgues in the Depart-
ment have previously obtained the required success of fixing mite
meterial by simply heeting the fixative, & necessary prerequisite
for breeking down the resistant property of the cuticle; cold
fixstive feils to penetrate.

The mite meteriel used in the present work wes fixed in
hot alecholic Bouin. ﬁ. polypori end nymphs of Glyecyphegus spp.
were fixed by immersion in fixative st 50°C., the fixstive being
theresfter kept in & smell tube et 48°C. for twenty four hours.
Developing hypopi, hypopi, and developing deutonymphs of Glyey-
phegus spp. were first immersed in cold fixative, and only
afterwards, was the fixative slowly heated in en oven kept at a

temperature /
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temperature of 48°¢. This treatment for these stages of Glyey-
phegus spp. was essentisl, because immediste immersion in Bouin at
509C, ceused individuels to burst.

The alcohols used in the dehydration of the material were
also kept at 48°C. Two hours in 90% alcohol, with one change,
were followed by one hour in 96% alcohol. Since the material
became a2lmost completely transperent by this time, it wes further
treeted with & solution of 0,.5% eosine in 96% alcohol, the material
usually teking up the stain sufficiently in eabout half an hour,

It is imperative that the materiel 1is coloured with the stein &t
this stage, because otherwise, when it comes to orientating the
mites in the molten wax, it is difficult even to see them, and
therefore, almost impossible to move them into appropriaste
positions for subsequently obtaining seections in the required
plane., Nymphs in general, but hypopi and developing deutonymphs
of H, polypori only, were then washed in 96% alcohol and cleared
in amyl acetate for half an hour héroro a further change to fresh
amyl acetate in which the material was left overnight. Developing
hypopi, hypopi end developing deutonymphs of Glyeyphagus spp. and
the developing hypopi of H, polypori were not cleared in amyl
ecetate owing to the detrimental effect of this agent upon them.
Insteed, this materiel was subjected to treatment with various
clearing agents, before & somewhat specific technique was elabor-
eted to prevent irretrieveble demage due primerily to collepse
and shrinkege of the materisl. It was reasonable to assume
thet this collapse could be sccounted for by the differential
rates of diffusion of alcohol on the one hend =nd the cleering
egent/
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egent on the other, the aleohol diffusing out through the cuticle
more rapidly than the denser clearing sgent could diffuse into the
material. Support was given to this assumption when lt‘was found
that, on testing varioﬁs clearing agents, for example, cedarwood
o0il, xylene end benzene, the one having the highest density caused
the most repid end extensive collaepse of the material. Prevention

of shrinkesge of the soft tissues was immensely importent, but to
some extent epparent collepse was unevoidable if the treated mites
possessed reletively -large unsupported exuviel cavities et the
time, or even a haemocoelic space in 2 state suitable for accommod-
eting @ relstively large volume of liquid egent.

Benzene hes & density value nesrer to that of the alcohols
then the other clearing agents that were available, and so it was
used in the treatment of msterial which hed this tendency toO
collapse and shrink if exposed to & change from alcohol to a
clearing agent es normally carried out. The material was rinsed
in absolute sleohol after staining in the eosine solution, before
being left in absolute alcohol for helf an hour. The material
was trensferred to a solid wateh glass, containing about 1/3 ce.
of sleohol, which was placed under & binoculer microscope.
Benzene was sdded to the alcchol drop by drop from a pipette, the
mites et the seme time being observed through the microscope.

Esch drop of benzene was thoroughly mixed with the alechol before
the next drop was added. A brown coloration formed et the inter-
faces of the newly added benzene drop and the slcohol-benzene
mixture. This wes due to a reaction between the pure benzene
end the water teken up by the aleohol on exposure to the air end

it indiceted the near completion of the clearing process.
When /
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When this coloration appesred, a mixture of benzene and
aleohol was prepaered in a separate watch glass by adding a few
drops of absolute aleohol to asbout 1/3 ce. of benzene., In order
to prevent shrinkege of the mites when they were transferred to
the new mixture, the density of the mixture had to be approximetely
the same es that of the liquid contesining the materiel. If the
density of the drop of mixture was correct it produced no reaction
when added to the liguid. The drop spread repidly over the surface
of the liguid if the density of the mixture was too low, in which
case benzene was added to the mixture until the reection of a drop
of mixture added to the liquid containing the meteriel indiceated
thet the density was correct. If the density of the mixture was
too high the drop sank through the liguid, then npfoad over the
bottom of the watch glass before mixing with the liguid. When
this occurred alcohol was added to the mixture until the density
was correct.

The material wss transferred to the new mixture of the
correct density, to which benzene was added, two or three drops at
a time, until the mixture wes practicelly ell benzene. Trensfer-
ence to pure benzene contained in a glass tube at 48°¢. was
followed by a change of benzene in which the materiesl wes kept
overnight 2t the high tempersature.

Wex impregnetion was carried out by placing the material
in 56°C, melting point paraffin wax contsined in a solid watch
gless. Three changes, each of two hours duretion, were msde to
ensure thorough penetration of the cuticle and proper impregnation
of the soft parts.

Embedding was carried out under 2 binoculer microscope

so /
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80 that the mite could be appropriately orientated in the block to
provide sections cut in the desired plene. Owing to the small
size of the mites embedding was ectually carried out in a gless
ring, % inch in diesmeter, which rested on a glass slide. The
ring wes filled with molten wex end the materiel, still in some
wax, was transferred from the watech glass through the medium of a
warm pipette. The materisl was manoeuvred to the centre of the
ring, with a warm needle heated to a temperature slightly above
thet of the melting point of the wax. At the centre, it was
allowed to settle on the surface of a solidifying wax layer, which
first forms near to the slide at the bottom of the ring. Care
was taken to ensure thet a relatively thick layer of wax separated
the material from the bottom of the block to protect the wax close
to the materisl from melting when the bottom of the block would be
sealed to the microtome chuck. The warmed needle was used to
orientate the mite so thet ssgittel, horizontel, or transverse
sections would be obtained when the flat bottom of the block, that
is to say, the surfaece next to the slide would be sealed to the
chuck. Four sets of scores at right angles were fashioned at
the edge of the herdened block to indicate the two axes of the
mite. The slide end the ring containing the wax were placed in
water at & depth less than the height of the ring, to prevent a
possible overflow on to the wax. On contrection, the upper
surface of the wax usually subsided and more wax was added to
meke the surface flat and so simplify the trimming of the block.
Whenra solid film of wax had formed at the surfeces the whole

arrangement/
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arrangement was completely immersed in the water.

Dismeters were scored on the block through the pairs of
orientation merks et the edge of the bloek. The intersection of
the dismeters lay sbove the position of the mite in the block and
the diemeters were perallel to the axes of the mite (Fig. 2A).

The bleck was trimmed end mounted so that in cutting the knife
edgze would be perallel to the shorter axis AB of the mite. The
block was trimmed parsllel to and on both sides of the diameter AB
~until sbout 1/16 inch of wex remeined on each side of the dismeter.

A raised pletform of wax was fashioned upon the chuck and
the vertical surface of it was trimmed flat by the microtome knife.
The flet bottom of the block was placed on the platform with the
intersection of the scores over the centre of the chuck end the
axis AB of the block at right angles to a mark et the edge of the
chuek (Fig. 2B). This mark on the chuck was used to aid the
correct orientation of the chuck .on the microtome.

The wax at the Sass of the shorter pair of sides EF and
GH of the block was sesled to the platform with the aid of a warm
needle. The sides EH end FG were trimmed csutiously parallel to
AB until the mite was just visible es a dense petch in the wax of
each side. Next, the top of the block was trimmed until the dense
petech of the mite was visible from the top. Sides EH and FG were
trimmed further so that the mite was placed centrally between them,
care being taken to ensure that the sides were parallel when
trimuing was complete, as the cutting edge of the knife would be
perallel to these sides. The bases of the sides EH and FG were
seeled to the pletform with the aid of & heated needle, the needle

being /
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being pushed deep into the wex at the base of the block below the
region with the mite, to make certain the block was sealed securely
to the platform. The sides EF and GH were trimmed psrallel to
the axis CD until a2 suitable amount of wax remained on either side
of the mite, then the bases of these sides were seasled to the
platform.

The chuck wes placed on the microtome with the mark at the
edge of the chuck on top, end sdjusted to get the bottom edge of
the block pesrsllel to the knife edge, so that the mite would be
correctly orientated for cutting.

Seetions of ell meteriel except the hypopi of H. polypori
were cut st e thickness of 4, the hypopi of H. polypori being
cut et & thickness of G/U, because the cutting of thinner sections
of hypopi of this species only resulted in the cuticle becoming
badly torn.

Bhrlich's hesemetoxylin was used to stein the sections
after the eosine hed been removed by 70% elecochol. Material of
H, polypori steined properly in twenty to thirty minutes, that of
Glyeyphegus spp. required en hour. Countersteining with eosine
in 96% elcohol was followed by repid dehydretion end mounting to

prevent excess loss of eosine from the sections.
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HYPOPUS DEVELOPMENT.

About fifty years ego when zoologists mede elaborate

excursions into the field of descriptive morphology, Michael (1901)
in his monogreph on Tyroglyphid mites gaeve an eccount of the enatomy

of the adult mite. Whereas the deseriptive style of Michaeel made
one confident that his observations were cerried out with meticu-
lous cere, it wes not until Oboussier (1939) end Hughes and Hughes
(1938) produced their acecounts of the anetomy of verious tyro-
glyphoid mites thet one could really feel confident about the
details of such attempted investigations.

As already emphasised in the introduction of this paper,
one of the chief sims has been to investigate the nature of hypopus
development and of the reversion or further development t0 the
normal or regular morphological pattern of the mite.

This section has therefore been concerned with examining
segquences of histological pictures provided by sectioned materiel
of the mite at different steps in its development to the hypopus
form, end also during its further development to the normesl state.
From these histological pictures it hes been possible to trace
morphogenetic movements, and elicit from them the true nature of
this bizsrre condition obteined in tyroglyphoid mites. In hypopus
development the fate of the various systems of organs and tissues
has therefore been followed, end the state they have obteined in
the various types of hypopi, selected for study in this work, has
been cerefully examined. For convenience, the morphogenetic
movements of the different systems of orgens and tissues have been
treated separately. The external appeerance of the three hypopus

forms /



FIGURE 3, Ventral views of different hypopus mites.

A, G, domesticus; B, G. destructor:
¢, H. polypori.

a, @atrophied rostrum; b, battery of suckers.
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forms seleoted for study are shown in Figure 3A, B, end C. It

will be noticed how the hypopus form of G. destructor, with respect

to outer eppearance, lies midwey between those of G. domesticus

end H. polypori.

Morphogenetic Movements Aimed Towards the
Achievement of the Hypopus Condition.

The behsviour of the integument. When the protonymph of Glyey-
phegus spp. was due to change to the hypopus form, the surface of
the cuticle scquired 2 distinective pattern. The epidermis of the
late protonymph thickened slightly end this was accompanied by a
thickening of the cuticle. A generel thickening of the cuticle
elso occurred in G, domesticus end conchoidal merkings sppeered on
the cuticle surface. In G, destructor the thickening of cuticle
was not uniform. It was confined only to & series of ridges
which were responsible for the reticular pattern of the surface of
the cutiele. These ridges were, in fect, small projections which
developed inwards from the endocuticle (Fig. 4A). When fully
formed they pushed the epidermis into en undulating layer (Fig. 4B).

At the end of the protonymphal stage the epidermis had
thickened further, snd budded off the intermediate cells which
remained between the epidermis and the cuticle. 1In G. domesticus
the intermediaste cells formed e continuous lsyer surrounding the
epidermis. In G, destructor they eppeared to be distributed as
seperate regions between the ridges of the endocuticle (Fig. 4C).

In the early developing hypopus the cuticle loosened
from the epidermis end the intermediaste cells remained ettached
to the old protonymphal cuticle which, for convenience, is termed
the /



FIGURE 4. Chenges in the integument of G. destructor
during hypopus development. :

A, Section of the integument of a protonymph showing
initiel dovolopmsnf of the cuticular ridges.

B, Section of the integument in the late protonymph

¥ ghowing the fully developed cuticulasr ridges.

C, Seetion of the integument showing the inter-
mediate cells prior to the moulting of the
protonymph cuticle.

D, BSection of the integument of & mite during early
hypopus development end its surrounding hypopus
cese.

L, GSection of the integument of a hypopus mite.

a, protonymph cuticle; b, epidermis;
¢, cuticuler ridge; d, intermediate cell;
e, hypopus cuticle.

FIGURE S5, Section of the integument of G. domesticus
when in its hypopus state.
a, hypopus cuticle; b, epidermis;
¢, food grenules.
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the hypopus cese. (Fig. 4D). The hypopus case of & living specimen
was, at this stege, relatively plisble and trensparent, the exuvial
cevity between the case and the developing hypopus being filled
with fluid.

After the cuticle had sloughed off, @ retraction of the
epidermis, slong with the other tissﬁes of the mite, occurred.

At this time the epidermis thickened prior to laying down the cut-
icle of the hypopus, and en epidermal fold arose in & horizontal
plene around the hypopus (Fig. 104). In G, domesticus the mite
assumed an ovoid shepe end the hypopus cuticle was laid down by
the epldermis et this time. Very slight projections developed at
the positions corresponding to those where one would expeet limb
buds to sppear. The limbs developed further in G. destructor and
by the time the hypopus cuticle was laid down over the general
surfece, distinctive but short legs were formed.

On the completion of cuticle deposition, the epidermis
changed to the thin strend of tissue which persisted throughout
the hypopus condition assumed by the mite. In G. destructor the
epidermal nuclei steined lightly, but, the cytoplesm retained its
normal affinity for the stein (Fig. 4!). In G, domesticus the
epidermis becsme extremely attenuatoézkﬁjOb'orvations seemed to
imply thet the fluid in the exuvial cavity eveporasted after the
hypopus cuticle had been formed. The hypopus case became dry,
chenged to & whitish colour and essumed 2 rigid property.

It has elready been mentioned thet in H, polypori a
developing hypopus could first be detected in a culture only &t
the time when the cuticle was being secreted. At this time it
was possible to see the peculisr form of the mite, through the

transperent protonymphal cuticle. The striking feature, as
already /
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elready mentioned, was thet the integument had moulded the mite

into & shepe utterly unlike that of the normsl individuel. More-
over, the epidermis had given rise to integumentel structures, for
exemple, the sucker disc, which were specific to the hypopus mite.
The epidermis wes very thick in H, pelypori end a large number of
epithelial cells assembled in the region of the sucker dise. The

epidermis of the mite in its hypopus condition retained a normal
thickness.

T ate o are the cells, and other bodies th
haemocoel. The mein chenges which occurred in the haemocoel
during the hypopus development were principeslly, the partial destruo-
tion of the pasrenchyma network of the protonymph, the production
of the new parenchyma forming cells snd the accumulation of food
reserves.

In Glycyphegus spp. the perenchyma network of the proto-
nymph hed been partiaslly destroyed 2t the end of the feeding phese
and the stellate phagocytes had become cherged with waste, hence
increasing their size. In the late protonymph the gut contents
were ejected from the lumen of the degenerating gut, end in the
heemocoel they appeered in the form.of smell granules which had
en affinity for eosine stain. Laerge numbers of these granulés
aggregated sround the gut itself and elso neer the phasgocytes
which engulfed them (Fig. 6A). The phagocytes beceme even
larger in the early developing hypopus. Their nuclei assumed
e more irreguler eppeesrance, while their oytdplasm became in-
ereasingly filled with the pink granules. The parenchyme network
eappeared to undergo né further disintegration &s the hypopus
developed, but numerous circulsr geps appeared with the result

that /



FIGURE 6. Changes within the haemocoel during hypopus
development in G. destructor.
A, Phegocyte and food gresnules in the haemococel
of & late protonymph.
B, Phagocyte and pasrenchyma~forming cells during
early hypopus development.
C, Phegocytes during late hypopus development.
D, Phagoecyte and parenchyms-forming cells of a
hypopus mite.
@&, phagocyte; b, food grenules;
¢, parenchyma network; d, perenchyme-

forming cells;
e, wall of gut.
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thaet the remains of the network becsme concentrated into islands
of tissue. The new parenchyma forming cells were small and had
deep staining nuclel. They tended to aggregate against the epi-
dermis, and esround the gut snd the other organs. These cells
were particularly numerous eround the gut, eand some cells had sent
out short strends of cytoplesmic meterisl (Fig. 6B).

In the late developing hypopus, the nuclei of the phago-
eytes tended to become roanyd and they lost their affinity for
steins (Fig. 6C). When the hypopus was fully formed the nucleus
wes rounded, lightly steined and 2 number of granules replaced the
deep steining nucleolus. The pink granules both in the haemocoel
end in the phegocytes increased in size. The psrenchyma forming
cells were still contiguous with the epidermis end the various
orgsns. The nuclei of these cells stained lightly, and they
conteined deep staining grenules (Fig. 6D).

The chenges occurring in the hsemocoel in the late
developing hypopus end the hypopus of H. polypori were similer
to those in the corresponding steges of Glyeyphagus spp., except
thet the pink steining granules ere far less numerocus in H, poly-
pori.

The circuler speces in the hesemocoel in seriel sections
of developing hypopi and hypopi correspond to the globules visible -
in the haemocoel of the living developing hypopi and hypopi.
These globules stein blue~black with Sudan black indicating their

fat content.

The central nervous system. The central nervous cystem underwent
no change during hypopus development in Glyeyphagus spp. or g.

polypori. The ganglion complex and the main nerve branches

remeined uneltered in the hypopus. However, owing to the hypopus
being /
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being smeller then the protonymph from which it developed, the

genglion complex in the hypopus was reletively much larger.

Differentietion of the muscle systems. The muscles which are
present in the hypopus cen be divided into two mein groups:
(e) museles which ere present in the protonymph end are repres-

ented in the hypopus either by groups of myoblests in verious
steps of development or by fully developed muscles; (b) muscles
which ere present only in the hypopus, and are not found in either
the protonymph, or the deutonymph.

The muscle systeme present in the protonymph were all
developed in verying degrees in the hypopus form. Some of the
muscle systems were represented in the hypopus by groups of myo-
blests only, while others were in the form of & thin strand of
myoblast tissue composed of cells with vigible nuelei, but whose
eytoplesm had a poor sffinity for eosine. A third group of the
protonymphel muscles was fully developed in the hypopus.

In Glyeyphagus spp. end H. polypori the muscles of the
mouth appendages except the cheliceral retrector muscles, the
pharyngeel muscles and the enterior oblique body muscles degener-
sted sas the hypopus developed. During eerly hypopus development
new myoblests eppeered emong the degenerating muscles and they
persisted throughout the hypopus condition (Fig. 7).

The lez buds of the developing hypopus and the hypopus
of G, domesticus conteined groups of undifferentisted myoblasts
(Fig. 8). 1In G. destructor end H. polypori the leg buds un-

folded into definitive leg eppendsges and this wes sccomplished
by the myoblasts converting themselves into proper muscles.
Short, not properly developed legs were formed in the hypopus of

G. destructor /



FIGURE 7.

Differentiation of enteriorly placed muscles
during hypopus development, as seen in
segittel section,

A, The state of the muscle tissue during eerly

hypopus development in G. destructor.

B, Muscle tissue of the hypopus mite, G. des-

sructor.

C, Musecle tissue of the hypopus mite, G. dom-
esticus. '

D, uuscle tissue of the hypopus mite, H. poly-
pori.’

a, chelicerel retractor muscle; b, degener-
ating snterior obligue body muscle of
protonymph; ¢, myoblasts of new
enterior oblique body muscle;

d, myoblasts of pharyngesl iuseles:

e, nerve ganglion; f, atrophied
rostrum; &, new myoblests in tissue
of muscle; h, degenerating pheryngeel
museles of protonymph.
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G. destructor. In H, polypori the legs, especially the first
peir, beceme efficient locomotory eppendages. The anterior legs

were longer then the corresponding ones of the succeeding deuto-

nymph. The third end fourth peirs of legs of H. polypori were

reletively short snd poorly developed.

The dorso-ventrsl muscles, the transverse ansl muscles
and the dorsel muscles underwent similar changes in the three
gspecies during hypopus development. In the early developing
hypopus the old muscle fibres degenerasted and new myoblasts
appeared among the fibres. In the late developing hypopus the
myoblasts hed developed into muscle fibres which showed a better
affinity for stain then the old muscles.

The development of the ventrel muscles and the chelicersl

retrector muscles in G, destructor and H. polypori was on similer

lines to thet of the dorso-ventral muscles mentioned above. 1In
H, polypori, however, the ventral muscles were stouter end better
developed in the hypopus then they were in the protonymph. The
ventrel and cheliceral retractor muscles in G, domesticus did not
develop very far. Myoblasts were visible in the deteriorated
protonymphel ventral and cheliceral retractor muscles during early
hypopus development. In lete hypopus development, the myoblests
formed & strand of tissue in which the nuclei of the cells were
visible. These muscles remeined in this pertly developed con-
dition in the hypopus form (Fig. 8).

The usual pair of dorso-ventral muscles supporting the
hindgut of the three species of mites were, in the hypopus, re-
presented by a2 pair of strands of partly developed muscle, not
unlike the ventral muscles in the hypopus of G. domesticus.

Two /



FIGURE 8. The incompletely differentisted ventrsl muscle
end the myoblaest tissue of e potentisal
posterior limb bud in the hypopus of G. dom-

" esticus seen in horizontal section.
a, ventral muscle: 'b, myoblast tissue of
potential limb bud ;
¢, nerve genglion: d, nerve tiscsue at base

of limb.

FIGURE 9. Segittal section showing the differentiating
posterior dorso-ventral muscles during hypopus

development in G, domesticus.

a, posterior dorso-ventral muscle; b, hindgut.:

FIGURE 10, Trensverse section of dorsal obligue muscles
differentisting during hypopus development in
A, G. destructor, and B, H., polypori.
a, dorsael oblique muscle; b, ventral muscle;
¢, dorso-ventral muscle; d, nerve genglion;

e, gut; f, fold of epidermis; g, myoblasts.
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Two systems of muscles, however, were produced in the mite
only at the time it sssumed the hypopus condition. During hypopus
development they appeared first es groups of myoblests, which gave
rise to fully formed muscles. In Glyeyphegus spp. end H. polypori
groups of posterior dorso-ventral muscles developed on each side
of the hypopus, in 2 position posterior to the hindgut (Fig. 9).

In H, polypori these muscles were more extensively developed then
in lecznhaggg spp. and they were assooiétad with the ventral
sucker dise (Fig. 12).

The second system of muscles which made their appeerance
exclusively in the hypopus forms, consisted of a pair of dorsal
oblique muscles. Dorselly they were attached to the cuticle close
to the attachment of the dprso-ventral muscles. Ventrally they
were attached to the point where the ventral muscles were sttached

to the nerve ganglion. 1In G. destructor end H. polypori these

potential muscles appeared as myoblasts during early hypopus
development (Fig. 10). At & late step in hypopus development
these muscles were fully formed. In G, domesticus these muscle
systems unfolded only es fer as the step in development when they

assumed the form of e peir of strands of mycblest tissue.

Chenges in the digestive system agd the selivery glands. In the
late protonymphal stages of Glycyphagus spp. the gut became greatly

distended with food and the gut wall itself became relatively thin,
except for certain thickened regions. These regions were the
predetermined regeneration centres, which gave rise to a new gut.
They were composed of cells with deep steining nuclei (Fig. 114).
The regeneration centre for the oesophegus w;s & ring of tissue

et the junetion of the oesophesgus and the foregut. The foregut
had /
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had & laterasl pair of regenerastion centres, one on each side just
posterlior to the oesophageal ring, and a posterior centre at the
sphincter leeding to the midgut. ' Each csecum possessed a regen-
eration centre at its posterior extremity. The two regeneration
centres of the midgut were situeted neer the anterior and posterior
sphincter velves. The dorsal portion of the hindgut was regener-
eted from & ring of cells situated at its junction with the midgut.
The ventrsl region of the hindgut of epidermel origin was regener-
ated from a ring of epidermal cells near the anus,

When hypopus development took place the gut cells of the
protonymph degencrated, the cytoplasm beceme intensely vacuolated,
the nuclei lost their definition and the cell wells disintegrated.
Deterioration seemed to commence et the anﬁerior end of the gut
end continue posteriorwerds (Fig. 11lA). Food meterial passed
out into the hesemocoel during this period when degeneration had
gset in; this was esccompenied by & genersl shrinkasge of the gut.
The new gut cells were proliferated from the regenerative centres,
the cells in G, destructor, increasing in size slightly as they
migrated awey from the centre. In G, destructor regeneration
occurred rapidly in the hindgut region. This resulted in new
cells with their deep staining nuclei, being in their proper
position sbout halfway through hypopus development (Fig. 11B).

The cells of the posterior region of the hindgut hsd secreted @
layer of cuticle, the enal opening wes present end remeined in the
hypopus. In both G, destructor end G, domesticus the epidermel type o

cells of the pheryngeel region appeered to secrete @ thin layer of
euticle, but, no mouth opening was present in the hypopus mite.

In G, domesticus the new gut cells in the enterior regions
dia /



FIGURE 11. Chenges in the gut during hypopus development

in Glyecyphagus spp. @s seen in segittel section.
A, The state of the gut in the late protonymph

of G. gestggctor.

B, The state of the‘gut during esrly hypopus

development in @. destructor.
C, The gut of the hypopus mite, G. destructor.

D, The gut of the hypopus mite, G. domesticus.
8, Oesophagus; b, foregut: e, caecum;
d, midgut; :o. dorsal region of hindgut;
f, epidermal region of hindgut;
g, prolitaration areas; h, nerve
' ganglion;

Jj, degenerating nucleus.
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did not increase in size as they migrated away from the prolifer-
ation centre, but instead they remained in asn embryonic condition.
The c¢ells in both regions of the hindgut had inereesed in size to @&
certain extent, and a thin layer of cuticle had formed in the ven-
tral rezion. The gut of the hypopus mite consisted of & shrunken
strand of cells with deep staining nuelei. (Fig. 11D).

In the lete developing hypopus condition of G. destructor
the nuclei and cytoplasm of the new gut cells had lost their
effinity for the stein so that the gut of the hypopus consisted of
e light steining mass of cells. Since the errest in development
of these new cells occurred relatively later then it did in G.
domesticus, the shape of the gut during the hypopus of §&. destructor

more nearly epproached the condition it obteins in the normal
stages (Fig. 11C). .

It was not possible to follow the changes in the éut
during early hypopus development in H. polypori for the reasons

which have already been mentioned (see pege 9 ). But, during
lete hypopus development the hindgut had completely regenerated,
-and the cytoplasm of the cells in the dorssl region had become
vacuolated, while the cells of the ventral region had secreted
cuticle. The mouth opening persisted in the hypopus mite &nd a
thin leyer of cuticle had formed inside the atrophied rostrum,
in a position corresponding to the pharynx of the protonymph.
The oesophagus, the foregut =2nd its caecae, and the midgut had
been reformed but their cells, with their deep steining nuclel
and cytoplasm, remeined small. The cells of the enterior parts
of the gut remained uneltered in the hypopus condition, but, the

vacuoletion of the cytoplesm of the cells of the upper portion of

the /
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the hindgut hed visibly increesed (Fig. 12).

In the lete protonymph of Glycyphegus spp. the nuclei of
the salivary gland cells were stained more lightly snd the nucleolus
was replaced by deep steining grenules. The eytoplasm steined
unevenly end vacuoles eppeered in it (Fig. 13A). During hypopus
development cells possessing deep steining nuclei, with a large
nucleolus, appeared in thet region close to the duct of the gland.
The eytoplessm hed detsriorated considerably, it contained numerous
vacuoles and it had lost the striations charscteristic of these
cells when functioning normally (Fig. 13B). By the time hypopus
development had been completed, the cells of the old protonymphal
salivery glends hed entirely disappeared and they were replaced by
new cells forming & straend of light staining tissue (Fig. 13C).

The differentistion of the salivery glends during lete
nypopus development in H, polypori was difficult to follow owing
to their smell size et this time. However, &s fer as could be
gseen, their development was similer to thet of the glands in

Glycyphesgus Spp.

The reproductive system. This system chenged only slightly
during hypopus development in both Glyceyphegus Spp. end H. polypori.
Shortly before the protonymphel stege of Glycyphagus spp. enters
the gquiescent state, the genital strands in front of the rudiments
of the gonaeds, increased their size. During hypopus development
the strands grew stouter, and they took up & position more verticel
then normelly owing to the retraction of the body of the mite at
this time. The gonediel rudiments themselves remained unchanged
during /



FIGURE 12. Segittal section of the gut of the hypopus of
H, polypori.

a, oesophagus; b, foregut; ¢, caecum;
d, midgut; e, dorsal region of hindgut:
f, epidermel region of hindgut:

&, nerve ganglion; h, posterior dorso-ventral

.muscle;
J, sucker plate.
FIGURE 13, The fate of the selivery glends during hypopus
development in G, destructor, seem in horizontal

seection.

A, The salivery glends of a lete protonymph.
B, The salivary glends during late hypopus
development.
C, The salivery glands of the hypopus mite.
e, degenerating cytoplasm; b, degeneresting

nucleus:
¢, new nucleus; 4, duet of gland.
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during hypopus development,

During late hypopus development in H. polypori the genital
 strends atteined the seme appearance as those of the corresponding
hypopus condition in Glyeyphagus spp. Neither did the gonadial

rudiments of H, polypori undergo eny change during hypopus develop-
ment.

Further Development from the Hypopus Condition to

the Regulsr Morpholozical Pattern.

The role of the integument. The series of changes culminating
in the emergence of the deutonymph were preceded by & moulting of
the hypopus cuticle. In the late hypopus of Glyeyphazus spp. and
H, polypori which was abbut to develop o the deutonymph, the epi-
dermis thickened and this was followed by the separation from the
epidermis of the intermediate cells and the moult of the hypopus
cuticle. However, the exuvisl cevity was very smell, since there
is very little retraction by the epidermis.

The epidermis after the moult increassed its thickness,
and when it had moulded the form of the deutonymph, it seecreted

the definitive cuticle of the deutonymph.

Changes w nt a oel. When the hypopus condition of
Glycyphagus spp. was about to chenge to the normal deutonymph, the

fat globules in the paemoeoel broke up into small particles and
these became uniformly distributed in the haemocoel. This was
shown by staining them with Sudan black. The remeins of the
parenchyma network end the pink granules were also more uniformly
dispersed in the haemocoel. The esmount of excretory crystels had

also inereased. The changes that took plece in the haemocoel of

H. polypori /



H, polypori et this time were somewhat similar. However, the fat
content was relatively less snd the exeretory crystals arranged
themselves postero-leterally.

An attempt was made to snalyse the chemicel nature of
these excretory crystals in Glyeyphagus spp. end H, polypori, but
one could not arrive at a confident conclusion owing to the smell

amounts present. Hughes (1950) meinteined thet guanine was the

chief excretory.constituent in Iyroglyphus farinse. But urie acid
hes been shown to be in some mites. Lison (1938) stated that

uric acid asnd gnasnine can be distinguished owing to the insolu-
bility of the latter when incubated in & solution of pipereazine,
The excretory crystals of hypopus mites of Glyeyphegus spp. and of
H., polypori were insoluble in piperazine, thus suggesting that
they are composed of guanine.

In all three species of hiteu exemined, when the hypopus
condition was neering its end, the nueclei of the phagoeytes steined
more deeply, and a nucleolus was visible. The nuclei of the par-
enchyma forming cells slso steined deeply (Fig. 14A). When the
mite developed from the hypopus condition to the deutonymph the
remains of the parenchyms network of the protonymph disintegreted
completely. At the seme time the nuclei of the phagoeytes beceme
irreguler in shepe end the cells themselves showed the usuel signs
of being ective'phagocytically. Later, when the deutonymphal
systems were taking shape, the cytoplasm of these phagoecytes could
not be distinguished. The new perenchyma network of the deuto-
nymphal stage was formed by the small parenchyma forming cells,

@s the remnants of the old protonymphal network were destroyed
(Fig. 14B). /



FIGURE 14. Chenges in the hsemocosl when & mite develops

from the hypopus condition to the deutonymph in
G, destructor.

A, Phagocyte just prior to the change from the

hypopus condition.

B, The haemocoel during development to the deuto=-

nymph.
C, The heemocoel of the newly emerged deutonymph.

e,
f,

€

phagoecyte; b, parenchyma network;

food grenules; d, parenchyma forming
cell:

fibres of new parenchyma network:

new phagocyte: \

exeretory erystel; h, well of gut.
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(Fig. 14B). The pink staeining granules of food meterisl in the
heemocoel were graduelly used up es the deutonymph developed. In
the newly emerged deutonymph were & few food globules, a certein
emount of excretory erystels, phagocytes with rounded, deep stain-
ing nueclei each with & large nucleolus, end & completed parenchyma

network with numbers of its intimately associated conneective tissue
cells (Fig. 14C).

Development of the internel systems to their normsl pattern. The
nervous system remeined unchenged during this further or delayed

development to the deutonymphel stage.

The posterior dorso-ventral muscles end the dorsal oblique
muscles, which were specific to the hypopus mite, degenerated on
development to the desutonymph. Groups of myoblasts situated in
the anterior regibn regenerated the muscles of the mouth perts end
pherynx. In G, domesticus the myoblests of the hypopus leg buds
gave rise to the muscles of the legs of the deutonymph. In
- G, _destructor snd H, polypori the muscles of the lezs of the hypo-
pus mite degenerated, end myoblast regions formed the new n@bl&a
of the legs of the deutonymph. In 211 the three species muscles
which were partly developed in the hypopus mite but were still
present as strands of myoblasts, unfolded into proper muscles.
Other muscles which were fully developed in the hypopus were
rejuvensted by the migration of myoblasts into their tissue.

In Glycyphegus spp. the nuclei snd cytoplasm of the cells
of the gut stained deeply when the potential gut cells of the
deutonymph begen to enlerge. Cuticle was deposited in the hindgut
by the epidermal type cells. The gut cells hed enlarged completely
on emergence of the deutonymph. In H, polypori the cells of the
oesophegus /
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oesophagus, the foregut end ceaecsae, end the midgut, which remained
in en embryonic state in the hypopus mite, enlarged to form the
definitive gut of the deutonymph. PThe hindgut which had been
fully developed in the hypopus did not elter in size but became
more sphericel in shepe as the enterior regions of the gut enlarged.
The vacuoles present in the cells of the dorsal portion of the hind-
gut diseppeared when the deutonymph was formed.

The salivery glends, in all three species, were non-
funectional and somewhet embryonic during the hypopﬁs condition.
But, when the hypopus condition had come to an end and the mite
developed towerds the deutonymphal state, the cells of the salivery
glands enlarged and unfolded fully into functional orgens.

The reproductive system at this time developed a little
further to reech @& state equivelent to that wnioh‘bne expects in

eny deutonymphal stege.

The Significent Features of Hypopus Development.

The findings which have been presented in this section heve
been discussed at the end of this paper in the eppropriate Discussim
section. But it will be useful here to cutline briefly the note-
worthy features that cen be lifted out from the foregoing obser-
vetions on the morphogenetie movements whieh take place in the
different systems of orgens end tissues, when the mite develops
through @& hypopus state.

First, hypopus development wes inveriably accompanied by
a specific moult. Secondly, despite the interception of the
hypopus condition, the chenges that took place in the hsemocoel,

spart from their errest at a perticular time, were no different

from /



from those observed when a protonymph chenges to & deutonymph.
The nervous system end the reproductive system also developed
normally, except &s already mentioned, for the intervention of a
pause esccompanying the hypopus condition. The development of the
gut eand seslivery glends slso comes into this cetegory, there being
merely & helt in their unfolding when the mite assumes the hypopus
state,

On the other hand, in H, polypori, the singular behaviour
of the integument end the differentistion of the verious myeles
was most striking. The integument moulded the mite into & new
hypopus form, utterly different from that of the normal form, aend
integumental structures appeered which were specific to the hypopus
mite. However, this wes not the case in G. domesticus and it

et et i

happened only very slightly in G, destructor. With respect to the

muscles in H, polypori end Glyeyphegus spp., those formed specially
during hypopus development underwent de-differentistion before the

definitive muscles of the deutonymph were regenerated.
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HISTOCHEMICAL ANALYSIS OF HYPOPUS CUTICLES,

The weterproof properties of the insect cuticle reside
in the outermost lasyer or epicuticle. Beament (1945) snd Wiggles-
worth (1945) heve shown thet the property of impermeability to
water depends upon the neture of the thin outer film of wax of the
epicuticle. In some ceses the wax is protected from mechenicsl
damege by & so-called "cement™ layer. This cement layer is ex-
tremely thin and sppeers to be composed of herdened polyphenol
substances which have undergone & change in consistency. Lees
(1947) found thet ticks inhabiting moist environments possess a
thin cuticle with & layer of soft low melting point wex. On the
other hend, ticks living in dry conditions possess a2 thicker
cuticle, with a layer of hard wax, 2nd in some cases a cement layer.
Hence it is possible to deduce the humidity conditions of the en-
vironment in which the ticks live by examining the structure of
their cuticle.

Meny workers (including Micheel (1901), Schulze (1924a)
and Hora (1934)) observed thet tyroglyphid hypopi survived for long
periods in dry conditions which otherwise proved guickly fatal to
the eggs and the normal post-embryonic stages. The differences
in texture and shepe between the cuticle of the mobile hypopus
stage of H, polypori end that of the normel steges &re certeinly
spectacular. The cuticle mould is peculisrly shield-sheped and
it is more heavily sclerotised, & property indiceted by its brown
coloretion which is absent in the normel stages.

Histochemicel tests were employed to determine the differ-

ent component layers of the cuticle of the hypopi and the normal
steges /
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stages. Since the hypopus case (old protonymphal cuticle) which
surrounds the hypopus of Glyeyphagus spp. has been shown to help
this stece in resisting desiccetion (see later p.48), it was also
subjected to the verious chemical tests.

Hypopi of H, golxgori occur commonly on earwigs, hence
they neturally become exposed to the humidity conditions of the
environments into which they are teken by the earwig. Since
eerwigs are capable of remeining in niches where the conditions
are dry, the hypopus in order to survive will have to resist
desiccation in these conditions as successfully as the eerwig.

It was therefore thought worth while %o examine the structure of
the cuticle of the earwig, especially the wax layer, in order %o
gain some measure of its resistance.

The histochemicel tests used by Wigzlesworth (1933) and
Lees (1947) for identifying the different component leyers of
cuticle were sdopted in this work. The small size of the mites
however called for much modification in technique.

Briefly, the principle of the histochemicel testing is
one of eliminetion. The epicuticle of hardened cuticle may consist
of the full complement of layers, an outer cement layer which pro-
tects the wax layer, @ polyphenol layer, and &n inner cuticulin
layer. The cement layer unlike the wax layer resists dissolution
in cold chloroform, but this leyer and the wax layer cen be removed
by hot chloroform. The exposed polyphenol layer gives the
argenteffin pesction, turning chestnut brown efter immersion in
emmoniacal silver nitrate. The inner cuticulin layer when treated
with hot ceustic potash, breaks up into oily droplets, suggesting
e lipo-protein consistency. It will now be clear theat treatment

of /



PLATE II. Arrangement for testing the effect of caustic
potesh on the cuticle of a mite (see text for details).






of the epicuticle with cold chloroform end a subsequent negetive
test after immersion in silver solution would indicate the presence
of ean outer cement lasyer. 1f, on the other hand, after pretreat-
ment with cold echloroform, the silver test gave the argentaffin
reaction, it presages the absence of & cement layer which can be
checked by meking serisl sections of the cuticle.

The chitosen test for identifying chitin in cuticle was
carried out in the following way. An eveporating besin was filled
with glyecerol, snd on the surface of this liquid flosted a metel
dise with @ reised rim (Plaste II). The temperature of the glycerol
wes kept constent at 140°C. A piece of cuticle was placed in the
cavity of e slide containing two or three drops of saturated caustic
potesh end & coverslip was placed over the cavity to prevent evapor-
etion. The slide was heeted on the metal disc for five minutes.
1t wes efterwerds cocoled and plasced on the stage of a dissecting
microscope. The coverslip wes removed and the cuticle was washed
15 water several times to remove the alkali. The cuticle was
treated with & 0,24 solution of iodine in 1% sulphuric ecid. A
blue-violet colour in the inner layers of the cuticle indicated
the presence of chitin, while the epicuticle wes steined bright
yellow.

The preparation of gserizl sections for the epplicetion
of the chitosan test according to & method devised by Browning
(1942) wad attempted. However, since the rest of the cuticle
loosened sway from the epicnticle'and at the same time partly
disintegrated, when treated with caustic potash, it was impossible
to embed the meterisl satisfactorily.

Treatment /



FIGURE 15. Arrengement for testing hot concentrated
ecids on the cuticle of mites.

B, Bunsen burner; ©, cevity slide emta;ning
cuticle snd reegent;
M, objective of microscope: P, protective
glass plate;
S, metal strip.
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Treetment of cuticle with concentreted acids, for isolatinz
and identifying the epiouticle, was also carried out upon a cavity
slide. A metel strip (12" x 13" x 1/12") heving a 4" diameter
hole neer one end, wes pleced under the objective of & dissecting
microsecope with the hole centred within the field of vision (Fig.l15).
The cavity of the slide containing the cuticle snd liguid agent,
with e coverslip on top, was placed over the hole of the metel
strip. A glsss plete wes clemped in position between the slide
end the objective, to prevent demege to the mieroscope. The cther
end of the metel strip was gently heated with & bunsen and the re-
ection of the piece of cuticle to the hot reagent wes watched
closely through the microscope. Slow cautious heeting of the
small amount of acid was essential in this test. Hot concentrated
nitrie, sulphuric, or hydrochloric ecid dissolves the inner parts
of the cuticle, the epicuticle alone being unaffected by these
agents.

The following techniques were adopted for testing verious
reagents on the epicuticle for detecting, if present, the cement,
wax end polyphencl layers. Immersion of cuticle in gold chloro-
form was carried out in & solid watch glass covered by a glass
plate. ©Plete III shows the arrengement for immersing cuticle
for long periods in boiling chloroform. The cuticle and chloro-
form were placed in a round bottomed tube, appropriately immersed
in & water bath kept at the temperature at which chloroform boils.
The tube containing the material was connected by a male and female
Joint to & narrow condenser tube, open at the top. The condenser
tube was surrounded by a jacket through which pessed e continuous

flow of cold water.
After /



PLATE II1I. The arrangement for treating the cuticle of a
mite in hot chloroform (see text for deteils).
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After pretreatment in chloroform the cuticle was placed
on a cavity slide which contained 2 5% solution of ammoniaecel silver
nitrste. Care was taken to see that the cuticle wes totally sube
merged end that no air bubbles were in contaet with it. Aip
bubbles were elso removed when & coverslip was placed over the
cavity end seeled down with paraffin wex to prevent eveporation of
the silver Qolution. Two or three days usuelly elapsed before
the érgentarfin reaction showed clearly. The reection of the
‘cuticle was obssrved at intervels, and, when the argenteffin
reaction was well shown the coverslip was removed end the cutiecle
wes rinsed in distilled water before being examined in detail.
This sometimes enteiled embedding the trested cuticle in wex in
the normal wey. The sections after removal of the wex were
mounted in balsam. ‘

Before a piece ordcuticle was tested for the presence of
a cuticulin layer it was pretreated with chloroform to remove the
wax leyer. The cuticle was afterwerds gently heated in 10% ceustiec
potash to remove the polyphenol layer of the eplcuticle, and the
exo- and endocuticle. The procedure for heating the cuticle in
caustic potesh waes the same as thet described sbove for heating
cuticle in & concentrated acid. The cuticulin layer, if present,
is momenterily left &s & thin layer, but it too finelly succumbs
to the caustic treatment by breaking up into oily droplets.

Results

~

The cuticle of the normal stages of Glycyphagus Spp . The

component /
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component layers of the cuticle were the seme for the larvae, the

nymphs and the adults of both G. destructor end G. domesticus. The

chitosan test indicated the presence of chitin in the endocuticle
eand the exocuticle regions and the presence of an epicuticle. The
seperate staining resctions were resdily distinguished because the
blue-violet steined part of the cuticle became swollen, disinte-
greted slightly, and loosened swey from the yellow stained epi-
ecuticle. Attempts to apply the chitosen test to serisl sections
of the cuticle were unsuccessful. It wes therefore not possible to
discover the exsct distribution of chitin in the hardened and non-
hardened regions of the endocuticle.

The epicutitle was also isolated after trestment in
concentrated mineral acids.

Cuticle, pretrested in cold chloroform, and immersed in
silver solution gave the argentaffin reection, thus showing the
absence of a cement layer and the presence of a wex and a polyphenol
layer. The argenteffin reaction wes produced more rapidly if the
cuticle wes pretreated in hot ehloroform. Exsmination of both
pieces of cuticle end serial sections showed concentrated patches
of silver deposit upon the tips of the tubercules end occasionally
they 2lso oecurred upon the areas between the tubercules. Other-
wise the silver deposit was more or less evenly deposited over
the surface of the body and legs.

The presence of & cuticulin leyer wes indiceted by treat-
ment with 10% caustic potesh.

The cuticle of the hypopus form of Glycyphagus spp. The results
of the chitosan test on the hypopus cuticle of Glycyphagus spp.
were the seme as those obtained on the cuticle of normal steges.

The hypopus cuticles also reacted in the seame way to concentrated
acids /



acids and 10% caustic potash as those of the normel stages.

Cuticle pretreated with hot or cold chloroform and immersed
in emmoniacel silver nitrate showed the argentaffin reesection., But

the silver Qonait, unlike that upon the cuticle of normal stages,
was uniformly spreed over the whole surface of the cuticle. The
hypopus cuticle when immersed in the silver solution without previous
treatment with chloroform remsined unchenged.

i€ NYPODUE BEE a Glyvey

. h 18 ¢ f The chitosan test, applied
to the hypopus case of G. st tor, indiceted the presence of
chitin in the endocuticle and exocuticle regions and the presence
of an epicuticle. The reticulated markings on the cuticle were
stalned a deeper blue violet colour than the intervening aress.
The epicuticle loosened from the inner layers of the cuticle to a
grester extent then in the normsl steges.

Treatment with concentrated minerasl acids isoleted the
epicuticle.

The hypopus case pretrested im hot or cold chloroform gave
the argentaffin reaction after immersion in the silver solution.
A silver deposit formed more slowly if the hypopus cese weas
immersed in the silver solution without prior trestment in chloro-
form. The hypopus case of early developing hypopi did not give
the esrgentaffin resction when placed in silver solution without
previous chloroform trestment. The waex layer is therefore lost
by the time the hypopus case is fully formed. The polyphenol
layer remeins in the fully formed hypopus case. As in the normel
stegzes, the tips of the tubercules became very dark. The reticu-
lated merkings stained slightly dsrker then the intervening ereas.
The /
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The examination of serial sections of cuticle treated with silver
solution showed that the greater thickness of the cuticle forming
the reticulested merkings wes responsible for the incressed staining

reaction in these arees.

A cuticulin layer wss shown to be present by treatment
with 10% ceaustic potash.

The tests applied to the hypopus case of G. domesticus
indicated the presence of similar cuticle layers to those found
in G, destructor. The different markings on the cese, however,
resulted in the sppeerence of the trested case differing from that
of G, destructor. The vermiform merkings remeined visible when
the case was trested for chitin but due to the small size of these
markings 1t wes not possible to determine if they steined more
deeply than ghe intervening areas.

In & hypopus case treasted for the ergentaffin reaction
the vermiform merkings appéared darker than in en untreated case.
In seriel sections of the treasted case thin derk coloured lines
were visible running verticslly in the cutiecle, most of the lines
origineting at the ridges in the inner surfece of the cuticle.

The distence between these lines is the seme &s the distance between
the lines of the vermiform markings. It is probable therefore
thet these lines correspond to the vermiform merkings seen from

the surfasce of the cuticle.

Th uticle of the normel steges of H, polypori. The component
layers of the cuticle of the normel stages of H. polyporl were
similer to those of Glycyphegus spp. The chitosan test indicated

the presence of chitin in the endocuticle and exocuticle regions

end /



end the presence of an epicuticle. The epicuticle was isolated
by treatment with conoehtratad mineral acids.

The deposit of silver produced by the ergentaffin reaction
on cuticle previously treated with hot or cold chloroform, wes
uniformly spreed over the surfece of the cuticle. In serisl
sections the silver deposit wes visible es & thin blackish-grey
boundsary.

The cuticulin layer wes identified by treetment with 10%

caustic potash.

The cuticle of the hypopus of H. polypori. The spplication of the
tests to the cuticle of the hypopus indiceted the presence of chitin

in the endocuticle and exocuticle regions end en epicuticle con-
sisting of cuticulin, polyphenol and wax layers. The ergentaffin
reaction was uniformly spreed over the cuticle surface. As in the

normal stages, no cement layer was present.

The cuticle of Forficula. Chitin wes present in the endocuticle

end the exocuticle. The epicuticle consisted of cuticulin, poly-

phenol and wax layers. There was no cement layer present.
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EXPOSURE OF HYPOPUS FORMS TO DIFFERENT RELATIVE HUMIDITIES.

It was well known thet Tyroglyphid mites succumbed easily
toc @ harsh, dry environment end thet they multiplied most rapidly
when the relstive humidity was high, the optimum humidity depending
on the temperesture. Hora (1934) has shown thet G. domesticus
multiplies rapidly et reletive humidities above 70% R.H. while
reletive humidities below 60% R.H. are fatal. Polezheev (1940)
stated that the conditions for optimum development of G. destructor
was 80% R.H. at 23°C. end Ushatinskeis (1945) found thet at 50% R.H.,
when the temperature was 15°C. to 22°9C,, all normasl stages were
killed. Hypopi appear to resist edverse conditione of humidity
end temperature fer more successfully then the normal steges.
According to Hora (1934) the hypopus of G. domesticus can survive
for ebout seven days at 10% R.H. Ushatinskaia (1945) found that
hypopi of G. destructor survived for several months &t 0., a
tempersture which wes fetal to the normsl stages.

It is legitimate to criticise previous work on the reaction
of mites to verious humidities on the grounds thet there was often
a feilure to teke temperature into sccount at the same time. It
is slso somewhat surprising how little work hes been done on the
effects of humidity reletive to work on the effect of other en-
vironmental factors. Hence the survivel of hypopi end normsl
stages of Glycyphagus spp. end H. polypori was investigeted when
exposed to different combinations of humidity end temperature.

The importence of the hypopus case (old protonymphal cuticle) of
Glycyphagus spp. in helping with respect to resistance of 1its
hypopus sgeinst desiecation was also investigeted.

In neture the hypopus forms of H, polypori are normally
atteched /



ettached for an indeterminste period, to the cuticle of insects.
They appear to show a predilection for earwigs. They may remain
ettached to the cuticle for seversl weeks, or months, or until
the insect dies. Experiments were, therefore, also devised to
discover whether attachment to the cuticle of an earwig efforded
some measure of protection egainst low humidities.

T dity Chamber a the Arrangement for Ve
the Relative Humidity.

In order to expose animals to & constent reletive humidity
they ere usuelly placed in a closed chamber. The humidity of the
eir is controlled by enclosing within the chember sulphuriec asecid
or some such agent of the appropriste concentration. This
arrangement has one serious disadventage. Because the volume of
air in the chaiber is stationary considerable variations in the

humidity in different perts of the chamber are likely to occur,
the required humidity expected by introducing the escid mixture

being obtained only immediately above the surface of the ecid.

The best errangement for exposing snimels to 2 constant humidity
is one in which a streeam of air of the required humidity is passed
through & chamber in which the snimels are placed. The prineiple
of ecquiring eir et the desired humidity was similer to the dis-
carded method. A stream of air wes bubbled through glyecerine of
@ strength appropriate to give the required humidity before it
passed through the chember. The flow was regulated to change the
eir in the chamber several times in one hour.

A chamber for use in containing and exposing mites to a
stream of air et & constant humidity was mede in the following
way (qupo Iv). A block of perspex 2" x 1" x 1" was excaveted
to /
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to form & resultant rectenguler chember with side wells end floor
%" thick. The volume of the chamber weas gpproximetely 25 ces.
Two perspex tubes of §" diemeter eand §" bore were inserted end
sealed into holes made in the walls. They were placed at diasgon-
ally opposite corners of the longer sides of the chamber to act as
inlet and outlet eair tubes. The opening of the tubes within the
chember were covered with muslin. The muslin was. stuck to the
perspex. This was done by softening the perspex with chloroform
end pressing the muslin egeinst it. The mesh of the muslin was
sufficiently fine to prevent the escape of the smallest mites used
in the tests. The open top of the chember was covered with a
gless plate sesled down with vaseline.

Johnson (1940) described a method for producing constant
reletive humidities inside & chember by first bubbling the eir
through glycerol-water mixtures of known specific gravity. He
provided data showing how & given relative humidity corresponded
to @ given specific gravity of the mixture, and what was more |
important, thet the relative humidity governed by the mixture
remeins practicelly constent over a wide range of temperatures.
However, he staeted that the method is probably not suiteble for
providing relative humidities of below 70% because of the viscosity
of the mixture. But, in the present experiments, it was possible
to produce & relative humidity of 50% using & glycerol-water
mixture, because the smell size of the chember sllowed 2 much
slower rate of airflow then thaet employed by Johnson. At relative
humidities below 50%, the mixture wes too viscous %0 allow bubbles
of air of sufficiently small size to travel up through the mixture
end ascquire appropriate moisture to give the desired humidity.
Mixtures /



PLATE IV. The humidity chember (see text for details).






Mixtures of glycerol end water were made up to give corresponding
relastive humiditie=s of 50%, 70%, 90% end 100%.

Plate V shows the errangement of the apperetus used for
subjecting mite meterial to reletive humidities ranging from
50% R.H. to 100% R.H. An aspirator conteining weter was pleced
sbout five feet sbove the bubbler so thet sufficient pressure was
provided to force the air through the fine jet of & cepillary into
the glycerol weter mixture. By simple displacement, the water
from the aspiretor forced the air out of the Winchester and through
the bubbler conteining the glycerol. The bubbler tube (9" high
and 1" dismeter) was filled with glycerol to about three-quarters
cepeocity. The end of the inner cepillery tube of the bubbler,
which almost reached the bottom was drawn out into e fine jet so

that the sir wes relessed into the mixture s minute bubbles. The
eir flowed from the bubbler into the experimental chember. The

eir flow (ebout 100 ces./hr.) was regulsted by adjustment of o
elip on the rubber tubinz between the bubbler and the chamber.
Immediately after mites had been placed in the chamber, or after
the cover hasd been removed for some other purpose, the rate of -
flow of air was inecressed to sbout 500 ces./hr. for the first
querter of an hour in order to bring back the humidity in the
chamber to equilibrium as gquickly as possible. A check on the
specific grevity of the mixture wes made &t suitable intervals
and if eny aedjustment wes needed, either glycerol or water was
added.

A reletive humidity of neasr 0% wes obtained by substitut-
ing @ U~tube containing caleiunm echloride for the bubbler tube of
the glycerol-water mixture.

When mite meteriasl had to be exposed for periods of a

week /



PLATE V. Arrangement for exposing mites to different
relative humidities (see text for details).






week or longer at 0% R.S. it was placed in erystallising dishes
conteining caleium chloride. Each dish (33" diemeter and 2" high)
was half filled with & layer of celcium chloride. - A circle of
black filter peper punctured with smell holes was pleced over the
caleium chloride. The dish was covered by a glass plate seesled
down with veseline, after the perspex cells conteining the mites
had been placed upon the circle of filter peper ingide the dish.
When mites had to be exposed in seturated moisture conditions for
similsr periods, moist cotton wool wes substituted for celcium
chloride in the dish.

Hypopi of Glycyphagus spp. were removed from the case by
means of two small tungsten needles, cere being taken to minimise
the chance of disturbance to the epicuticular wax layer. A test
was cerried out on ten hypopi removed from their cases to meke
certain that the wax leyer was not being dameged in the brocoss of
removal. The hypopi were immersed in ammoniscal silver nitrate
in & cevity slide in the normel manner (see pege 37 ), and kept
for seven deys. At the end of this period there was no argent-
affin reaction from the polyphenol leyer. It was therefore con-
cluded thet the continuity of the wax layer on the surface of the
epicuticle was unbroken.

Twenty to fifty mites were placed in the chember or dish
for each test, and the total number of individusls exposed to a
given humidity was not less than one hundred, except in some of
the tests on hypopi. The mites were examined at 1ntervais through
the glass cover of the chamber or dish, whichever was being used.

The /



The cover was removed only when some of the mites appeared to be
deed.

Preliminery tests were cerried out to discover the best
method of assessing mortality. This wes done by simply exposing
mites to harsh dry conditions either in the chamber or the dish.
Those which had collapsed and were more or less immobile were pro-
visionally regerded as dead or nearly so. Mites in varying degrees
of this condition were transferred to perspex cells and kept, at
the fevoursble conditions of 25°C. and an etmosphere saturated with
moisture, for s protrascted period.

The larvee, nymphs end sdults of the different mites testdd
end the hypopi of H, polypori were considered &s dead if at the end
of & twenty-four period they were incapasble of normasl locomotion.
It wes found that even if the period of twenty-four hours was ex-
tended, mites in this condition seldom recovered. Since these
steges of different mites were immobile and did not reect to the
touch of a cemel heir brush before they were trensferred to the
‘favoureble conditions, it wes therefore possible to assess the
condition beforehend es being one from which the mites would not
recover, end therefore a condition which indiceted impending
mortality.

Hypopus steges of Glyeyphegus spp. previously subjected
to harsh dry conditions were kept for five days et the favourable
conditions. If during this time they collapsed completely, or
beceme discoloured, it was en indication of mortelity. Hypopi
whieh shrunk repidly efter they had decreaesed their bulk to ebout

helf the normal size before transference to moist, werm conditions,

never recovered. Hypopi whose bulk had decreased to about half
the /



the normal size but in which the shrinkege had not yet begun to
teke place more rapidly, sometimes recovered in the favourable
conditions. Hence this mode of shrinking was regerded as an
indicetion of mortality.

In the actual experiments mites conforming to the above
descriptions were regerded as dead, removed from the chamber or
dish and kept in conditions deteiled ebove for confirmetion of
mortality.

It was therefore possible in these experiments of testing
various humidity conditions on the different stages of mites to
essess, by observetion, whether or not a mite was elither dead or
moribund. This assessment of mortality was important es a sten-
dard for measuring the biological effect of the various combinations
of humidity and temperature.

The time in which 50% mortality of the mites exposed under
given conditions was atteined, was considered as the average time
of survival of the mites under these conditions. This average

gsurvivel time was used in comparing the survivel of the mites under
verying conditions.

Resistance of Isolated Individusls.

The normel steges of Glycyphagus spp. were exposed in the
humidity chember to constent reletive humidities of 100%, 90%, 70%,
50%, end near 0% at an everage room temperature of 179C. end et
259C, The results of the separate triels in each of the humidity-
temperature conditions were combined end from these combined re-
sults the block diasgraems in Fig. 16 were constructed. The
survivel times of the two species were found to be similar so the

seperate /



FIGURE1S. Histograms showinq the survival of batches of

a 100 normal stages of Glycyphecus spp. when exposed
to different relative humidities at 17°¢. end 25°C.

White area - 179°C.; black ares - 25°¢C.
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seperate speclies are not distinguished in the results. At 179C.
the averege survival time of normal steges was two days in 0% R.H.,
three and @ half deys in 50% R.H., four daeys in 76% R.H., six days
in 90% R.H., end seven days in 100% R.H. At 25°C. the survival
time wes much shorter, being sbout one-quarter of that at 17°C.
Normasl stages kept in cells in saturated moisture conditions at
17°C, end et 25°C. survived until they died of shortage of food
or netural causes. At 2°C. the normel steges survived for five
deys in 100% R.H. and tdr four deys in 0% R.H.

Fifty hypopi of G, destructor, removed from the hypopus
cese, survived for et least six months in room conditions of 50%
to 80% R.H. at 12°C. to 18°C. When exposed to 0% R.H., one hundred
hypopi, removed from their casses, survived for en average time of
nine weeks at & room temperature of 17°C.ani for eizhteen days at
25°C. (Fig. 17). At 29C., 0% R.H., the survivel time for hypopi
was et least twenty weeks, by the end of which time there was a
slight shrinkesge in esbout half of the twenty-five hypopi tested.

Twenty-five hypopi of G. destructor in hypopus ceses which
were not split or demeged were able to survive for at least six
months in room conditions of 50% to 80% R.,H. at 120C. to 18°C.
The hypopi had not shrunk to any visible extent by the end of the
six months. 1In 0% R.H. the average survival time of one hundred
hypopi was esbout twenty-six weeks at a room tempersture of 17°¢C.
and eight weeks et 25°C., about three times es long es hypopi
removed from their ceses, under the same conditions (Fig. 17).

Twenty-five hypopi of G. destructor in caeses which were

split open at the posterior end were able to survive for about

the /



FIGURE 17. Histograms showing the survival of batches of
hypopi of Glycyphagus spp. when exposed to 0% R.H.

et 17°C., and 25°C.
white erea - 17°C.:; black area - 25°C.



G.pESTRUCTOR

HYPOPI REMOVED FROM CASES

L

Yo SURVIVAL
Q

HYPOPI IN COMPLETE CASES

-l

3 \

>

>

&

3

o

R
T . B . B A A, T ) . M ML R T
o 2 4 6 2 10 2 1 s e 20 22 24 26

WEEKS
G.OOMESTICUS

HYPOPI REMOVED FROM CRSES

i I

«

2

>

x

3

;‘Eo
HYPOPRPI IN COMPLETE CRASES

_‘I

g

>

s

2

3 -

Ao

®
F T = T L - v L} L] | AJ v hé \J A
¢ 2 L 6 ' rc 2 e 6 8} 20 2



the seme length of time as hypopl which had been removed from their

cases, when subjected to 0% R.H., et room temperature and at 25°¢.
Fifty hypopli of G. domesticus, removed from the hypopus

case were able to survive for at leest six months when tested under
the same room conditions as hypopi of G. destructor. Five hypopi
shrank and died in the six month period of the test. In 0% R.H.
at a room tempereture of 17°C. snd et 25°c., the sverage survivel
time of one hundred hypopi was four and 2 half weeks asnd ten days
respectively, about helf that of hypopi of G. destructor under
similer conditions (Fig. 17). At 2°C. in 0% R.H. the hypopi sur-
vived for st least twenty weeks and by the end of this time all the
hypopi had shrunk to varying extents. The results presented in
histogrsm form in Fig. 17 have not taken into consideration the
few cases in each test when @& hypopus developed into & deuvonymph.
Similer batches of hypopi of G. domesticus in undamaged
cases tested under the same conditions as the hypopi of G, destruc-
tor, survived for about half the length of time as these hypopi.
As in G, destruector the presence of an undamaged hypopus case
trebled the everege survivel time of the hypopus (Fig. 17).
Lervee, nymphs and adults of H. polypori in 100% R.H. at
a room temperature of 17°C. survived for sbout one and a helf hours.
In lower humidities the time of survival waes correspondingly shorter.
At 25°C., the survivel time of the normel steges was @bout one-
fifth of that et 17°é£aue2n 100% R.H. et 2°C. the eversge survivel
time wes three end a half hours.

Hypopi of H. polypori were able to survive for longer
times /



TABLE 1. Time teken for 50% mortality of normal steges
of H, polypori to be incurred by exposurs %o
different reletive humidities et 17°C. end
26°C.

Temp.
i S 17°¢ 250¢
0 S min. 2 min.
50 10 min. 5 min.
70 30 min. 7 min.
20 56 min. 12 min.

100 90 min., 20 min,




FIGURE 18. Histograms showing the survival of batches of
a 100 hypopi of H, polypori when exposed to
different relative humidities at 17°C. and 259C.

white area - 17°C.; black area - 25°C.
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times than the normal stages in the verious humidity conditions.
The aversge survivel time of hypopi et 17°C. wes five hours in

0% R.H., ten hours in 50% R.H., sixteen hours in 70% R.H., twenty-
seven hours in 90% R.H. end thirty-two hours in 100% R.H. At 25°C.
the survival time in & given humidity wess ebout one-third of that
et 17°C. At 2°C. the survivel time of ten hours in 0% R.H. was
about twice thet at 17°¢, (Fig. 18). In 100% R.H. at 29C. the
hypopi survived for about one hundred apd thirty hours.

Protection Afforded to Hypopi by the Epicuticular Wex
of en Insect to ich gy are Attached.

Some earwigs supporting hypopus mites which had been
attached for at leest two days, and others having hypopus mites
attached to them for sixteen to twenty-four hours, were examined.
Hypopi which had been attached for the longer period appcared to be
fused to the insect cuticle by a rim of wax (Fig. 184). This rim
of wax showed up c¢learly because its concave surface rerléeted
light. - Hypopus mites asttached for less than twenty four hours
were not waxed to the cuticle in the same way (Fig. 19B).

Barwiges with hypopus mites sttached for the longer and
shorter times were exposed to 0% R.H. at & room tempereture of 17°C.
Hypopi sttached for less than twenty four hours shrunk and fell off
the cuticle within seven hours. The wax layer of earwigs became
visibly thicker after three days exposure and the cuticle acquired
@ distinetly glossy appearance. Moreover, the wex around the
hypopus mites also thickened (Fig. 19C). The wex of the cuticle
of the esrwig, in faet, appeered to gredually increase in thickness
up to about the sixth dey of exposure to the low hum;dity. The

conditions elso caused e considerable shrinkage of the abdomen of
the /



FIGURE 19.

Disgrems showing the relationship at different
times between the epicuticuler wax of an earwig
and en attached hypopus mite, H. polypori (see
text for details).

E, ecuticle of earwig; H, cuticle of hypopus;

W, epicuticuler wex of earwig.






the eerwig. Hypopi frequently brushed their legs over the surface
of the wex, end in doing so, they covered themselves to such an
extent that they practicelly beceme embedded in the waex of the ear-
wig (Fig. 19D).

The earwigs themselves succumbed to exposure et 0% R.H.,
179C, after nine or ten days. On the death of the earwig the
hypopi normally left the cuticle within a few hours. The hypopi,
once they became dotached from the earwigz cuticle, shrunk and died
within a few hours. In one case, & hypopus remeined sttached to
the earwig cuticle for some days after the death of the earwig.
Two days after the deeth of the earwig the hypopus was still alive.
By the third dey, however, the hypopus had shrunk snd was deed.
The wax of the earwig sppeared to be drying and forming solid
lumps.

An attempt wes made to obtein serial sections of hypopi
atteched to the cuticle of an earwig, to examine more closely
this waxing down of the mite. Normel methods of fixing and em-
bedding were unsuiteble because the wex would be affected by the
reagents, and it would be exceedingly difficult to keep the hypopi
in situ. Embedding in polyvinyl alcohol was therefore tried,
because both the insect end attached mites could be placed directly
in the polyvinyl alcohol medium.

An earwig with hypopi attached was exposed to 0% R.H. at
e room tempersture of 17°¢. for seven days to induce & thickening
of the leyer of wax. A suitable piece of cuticle with hypopil
etteched waes removed from the esrwig end kept at -2°C. for half en
hour to immobilise the hypopi, before killing them in smuonie
vapour.

The /




The polyvinyl medium, into which the cuticle was embedded,
was prepared sccording to the method recommended by Lubkin and
Carsten (1942). The polyvinyl block was trimmed to a suitable
size and embedded in pareffin wex. However, the method was un-
fortunetely not satisfactory because, when cutting the bloeck, the
hypopi beceame detached from the cuticle of the earwig. But, never-
theless, although it wes not possible to obtain sections showing
the waxing down of the mite to the insect cuticle, direct observat-
ion of whole mites attached to the cuticle clearly showed how the

mites take adventage of the insect's thick wax layer to protect
themselves.



HYPOPUS CUTICLES AND TRANSFIRATION.

The ebility of en insect to resist desiccation in a dry
environment depends on the rete of trenspiration of water through
the cuticle. The wax layer of the epicuticle is mainly responsible
for the prevention of water loss. The exocuticle, however, also
pleys a part in controlling the rate of tramspiretion of water;
this depends upon the structure of the sclerotin (Pryor 1940).

The trenspiretion rate is low in the normel renge of environmental
temperatures. Remsay (1935) and Wigglesworth ({1945) have shown

that if insects with their spiracles covered are exposed for short
periods to different constant temperatures, trenspiretion at first

inereeses slowly as the temperature is raised, then much more
repidly when & certein temperature is reached. At this eriticel
temperature which varies considerebly in different insects the wax
layer becomes more permesble to water (Beament 1945). Lees (1947)
states that ticks having higher eritical temperatures are more
resistent to desiccetion at temperatures in the normal environmental
range.

A method was devised of assessing treanspirstion through
the ecuticle of hypopi snd normel steges of mites to gein further

informetion on their resistance to desiccation. Trenspiration in

hypopi of Glyeyphegus spp. enclosed in the hypopus case was also
investicated.

The histochemicel investigetion of the component layers of
the hypopus cese indiceted that the wex layer of the epicuticle
was sbsent. The presence of the hypopus cése enclosing the hypo-
pus csused a decreesse in the rate of trenspirstion of the enclosed
hypopus. In order, therefore, to discover the role of the epi-

cuticle of the hypopus ceése in reducing transpiration, early
developing /
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developing hypopl were also tested. In the developing hypopi the
hypopus cese was still transparent, pliesble, and with the wex layer
intect. At the seme time the space between the hypopus and the
hypopus cese wes filled with fluid.

Methods for Assessing Water Loss through the Cuticle.

The methods used by previous workers for exposing material
to constant temperatures and for measuring the transpiration rate
were unsuiteble for the present work owing to the smell size of the
mites.

Glycyphagus spp. were placed in a perspex cell, having e
glass plate substituting the filter paper floor. A small gquentity
of phosphorus pentoxide was placed in the cell end the glass cover
wes seeled down with vaseline to meke the cell airtight. The cell
wes pleced on the floor of & metal box floeting in a water bath
kept at & constant temperature. A glass cover wes placed on the
box (Plete VI). Hypopus mites end sdult mites were tested in
batches of ten. Three bstches of hypopus mites and adult mites
were exposed et constant temperatures, at 5°c. intervals, within
the range of 20°C. to 55°C. The mites before testing were first
killed by emmonia vapour. Hypopi of Glyeyphesgus spp. were left
for forty eight hours on filter peper moistened with ammonia to
make certain of killing them.

It wes noteworthy that the time teken by e mite to obtein
s stete when no further shrinkage could be detected, was relative
to the rate of transpiration. A mite under the conditions of
the test usueslly shrank repidly to about 1/10th of its original

size; /



PLATE VI. Arrengement of apparatus for estimeting the rate
of water loss from the hypopi and the adults of

Glyeyphegus spp. (see text for details).
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size; further shrinkege took place extremely gradually. During
this second stage of gradual shrinkage the glossy appeerance of the
surface of the cuticle of the sdults tended to change &nd become
opaque. Hypopi which had reached a similar state of shrunkenness
beceme slightly brownish, and the wrinkled cuticle did not yield

to pressure from & tungsten needle. The time taken for fifty per
cent of a batch of either hypopi or adults to enter this second

steze wes teken as the meessure of the effect of transpiration et
that particular temperature. The reciprocal of this time, ex-
pressed in minutes, wes used as en indication of the transpiration
rete in constructing the grephs releting trenspiration rate and
temperature. The method does not give the exact relationship
between the transpiration retes at different temperatures of hypopil
and adults because it tekes no asccount of volume, surface area,
percentage water content and other factors, but it does indlcate
when there is a significent difference between them.

Hypopi end sdults of H, polypori were tested in e cavity
slide with the coverslip not quite covering ﬁhe cavity. Phosphorus
pentoxide wes not used since it resulted in too rapid a shrinkage
of the mite. Apert from this slight modirioation, the procedure
for estimeting transpiration wes the same es that employed for

Glyeyphegus spp. In H. polypori the brown colour of the shrunken
hypopus was much more definite than in Glyeyphagus spp.

Weter Loss by Adult snd Hypopus Mites.

The retes of transpiration in the edults of G. destructor
end G, domesticus were similar. The results heve therefore been
colleted snd they have been presented in the form of a graph

(Fig. 20). The eriticel tempersture for esdults was approximately
35%., /



FIGURE 20. Rates of weter loss in sdults and hypopi of
Glycyphegus spp. in 0% R.H. et verious temperatures.

4 - sadults.
O - hypopi removed from the hypopus case.
O - hypopi enclosed in hypopus case.

" The unit used to measure rate of water loss
is the reciprocal of the time, in minutes, required
for the collspse of the mite to & predetermined

condition.
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35°c,

The hypopi of both species transpired at a much lower rate
then the adults. The critical temperature for the hypopus mite
was about 43°C., indiceting the presence of e layer of wax of a
much harder consistency than that of the sdult. Observations on
the transpiration rate of hypopi of both speecies in complete ceses
showed that the rate was about half that of hypopi unprotected by
the hypopus cese (Fig. 20).

When eerly developing hypopi were tested, the hypopus case
collepsed as the fluid between the case end the hypopus mite evapor-
ated. However, when this occurred, the cuticle of the hypopus was
capable itself of preventing further collapse. The hypopus, when
removed from the collapsed cese, was inteet and had not shrunk.
The rete of trsnspirstion through the hypopus case,which in fact
is en exuvium, was the same as thet through the cuticle of an esdult.
During the eerly hypopus development of the mite, the hypopus case
did not therefore afford protection to the hypopus mite against
wat’er loss.

Water passed through the cuticle of adults of H., polypori
much more rapidly than it did through the cuticle of its hypopus
forms (Fig. 21). The eriticel temperature of the sdults was
ebout 25°C., end that of the hypopi, about 43°C. The eritical
temperature of the hypopus mite was much better defined on the
curve of the graph then it was in the case of the adult; its
higher velue indicetes that the hypopus has a much harder epicutic~
ular wex than that of the edult.



FIGURE 21. Rates of water loss in adults and hypopi of
H, polypori in 70% R.H. at various temperstures.

A - @adults.
© - hypopi.

The unit used to messure rate of water loss
is the reciprocal of the time, in minutes, required
for the collapse of the mite to 2 predetermined

condition.
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THE EFFECT OF ENVIRONMENTAL FACTORS.

Various workers have investigated the effect of different
external factors which appeared to modulat@ the production of
hypopus forms in Tyroglyphid mites. Much attention has slso been
pelid to conditions which sppeared to convert the hypopus condition
back into the normsl stsge. Schulze (1924b) maeintained that in a
culture of Caloglyphus rodionovi a proportion of the protonymphs wers
morphologically distinet from the rest, and that they chaenged into
hypopi irrespective of the environmental conditions. Of the remain-*
ing protonymphs & number could be converted into hypopi by depriv-
ing them of a suitable food supply. Polezhaev (1938, 1940) found
thet hypopus forms of G, destructor inereased in number as the
temperature and the humidity deviated from the optimum conditions
which fevoured a2 thriving multiplication of the normal stages.
The seme worker also observed that, unlike the case of C, rodion-
ovi, @ lack of food did not promote hypopus produetion in G. de-
structor. | Hora (1934) was of the opinion that the production of
hypopus steges of G, domesticus wes not dependent upon a deterior-
.ation of the external environment.

In C, rodionovi hypopi chenged into deutonymphs when
there was an inerease in the environmentel moisture above that
which obteined when the hypopi were formed (Schulze 1924b). The
mobile hypopus of Tyreglyphus farinse chenged to the deutonymph
within forty eight hours of being placed in saturated moisture
conditions, but the immobile hypopus of the same species chenged
to the deutonymph irrespective of the humidity (Schulze 1924a).

Polezhsev /



Polezheev (1940) found thaet hypopi of G, destructor changed into

deutonymphs et 20°C. when the relative humidity was ebove 40%, but
et higher temperatures correspondingly higher relative humidities
were required to induce the reversion of the hypopus to the normal
stete. At temperatures below 12°C. hypopi would not change into
deutonymphs irrespective of humidity.

It was Polezhaev (1940) who stated tﬁat fewer deutonymphs
of G, destructor appeared in winter end, consciously or uncon-
seiously, he gave a valuable eclue to the nature of hypopus pro-
duetion when he also steted that the hypopi at this time of the
year appeered to be in & state of dispsuse.

Although the past findings on the effect of external
atimuli upon hypopus production left much to be desired, end left
room for further controlled experiments, they seemed to indicate
that some hypopl ere geneticelly determined, while others would
appear to be produced in large numbers only if the environmental
conditions were hersh. But, in this work, elthough cerefully
controlled experiments have been designed to discover to what
extent the environment governs hypopus production and the con-
version of hypopi back %o the normel state in eertein species of
mites, the mein aim hes been to investigete the nature of the
hypopus condition. Whereas this has been the aim of the
histologicsl examinestions of mites developing into hypopi end of
hypopi developing peck to the normal state, it has also been the
eim of the experiments designed to test the effect of different
environmentel factors upon this two-wey development. It was
legitimate to ask the question "Does the hypopus condition simulate
e true dispeuse state ?" The investigzation on the morphogenetic

movements /



movements that teke plece during the development to snd from the
hypopus condition suggested that at least in G, domesticus the
hypopus condition represented & diepesuse state. - The influence of
environmental fectors upon hypopus production end upon the altering
of the hypopus condition to the normal state have thore:oro been
examined to discover whether or not hypopus development resembled

@ true diapeuse state.

The possible influence of light as a modulating factor
was elso considered in view of recent work showing that photoperiod
wes ceuselly connected with diapeuse development. But entry into
this field, in the present work, to discover if exposure of hypopi
to light could possibly induce & change to the normel condition
has only been slight. Hence experiments, of a cursory nature

only, were carried out.

T Influ [*) idity and T erature Produection
of the Hypopus Condition.

Cultures of H olypori, kept in Petri dishes, were exam-
ined deily over a period of ten days et different humidities,
temperatures, and light conditions. Hypopus production wes
estimated by counting the numbers of developing hypopi and devel-
oping deutonymphs visible inside immobile protonymphs, within e
restricted area. This wes accomplished by plecing a square-sheped
wire boundsry with #" sides upon the substrete. Discretion was
called for in the use of this method, and, for exsmple, when
individuels of & sperse colony were scattered, the wire square
was pleced upon several spots in order to obtain e sufficient total

of /



TABLE

2. The influence of moisture content and food supply

upon hypopus produetion in H, polypori.

Conditions Ratio of Hypopus Forms
to Deutonymphs
State of Moisture No. of Devel- No. of Devel-
Food Supply Content oping Hypopi oping Deuto-
observed over nymphs obser-
a l0-day period. ved over a
10-day period.
Adequate High 6 300
il7¢c¢, Adequate Low 270 35
Inadequate Low 0 70
Adequate High 1l 277
25°C.  Adequete Low 193 36
Inadequate Low 1 83
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of counted individusls. S8ince, however, during the early part of
the developmentel phase which succeeds the protonymph stage, it
was not possible to distinguish developing hypopi from developing
deutonymphs, a certein proportion of the developing stages remeined
unidentified. But the method otherwise served the purpose of
meking & fairly esccurate comparison.

When stock cultures were kept at 25°C., end in satureted
moisture conditions together with e plentiful supply of earwig
remeins as food, the numbers of hypopl end developing hypopi were
relatively few (Teble 2). Identiecal results were obteined when
such cultures were exposed to either deylight conditions or total
derkness. Neither wes there any change in hypopus production
when the tempersture wes further reised from 25°C. to 30°C. But,
when & thriving culture, with an apprcpriatp supply of food, was
allowed to dry up slowly, hypopus production inereased consider-
ebly irrespective of the temperature (Teble 2). Even so, 8
proportion of the hypopi formed were inclined to change back to
the normal stete where the conditions were relatively moist at

the beginning. The keeping of the drying cultu:e in either day-
light, or totel darkness, mede no difference to the production of

hypopi. It wes noteworthy that when the number of mites in a
culture was smell owing prineipelly to exhasustion of the food
supply, the production of developing hypopi wes negligible

(Teble 2). Even when the mites were kept at 256°C. and in very
moist conditions, but without food, hypopus production did not |
oceur. It wes therefore lezitimete to proceed with the essumption

that the lack of moisture and not food influenced the formation of

hypopi.

Ihe /



FIGURE 22. The chenge of hypopi of H. polypori to
deutonymphs induced by exposure to saturated
moisture at 17°C. end 25°C.

a- 17%.
O - 2500 .
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The Influence of Humidity snd Temperature Chenges

upon the Hypopus State.

When hypopi of G. destructor were kept at 25°C., 100% R.H.,
& single deutonymph emerged after three days, thirty per cent of
the hypopi hed changed into deutonymphs after five days, and forty
per cent after seven days (Fig. 23). Hypopi kept for twenty one
deys at 17°C., 704 R.H. underwent no chemge. Only & few hypopi

of G, domesticus changed into deutonymphs when they were kept under
thece semé conditions (Fig. 28).

Hypopi of H, polypori, kept in saturated moisture con-
ditions, reverted to the deutonymphal state in five deys et e room
tempersture of 17°C. end one &nd & helf days at 25%c. (Fig. 22).
Moist econditions st either 7°C. or 30°C. also induced the hypopi
to develop to deutonymphs. This effect of moisture upon hypopi
of Glyeyphegus spp. end H, polypori also took place irrespective
of the presence or absence of & food supply or exposure to either
daylight or derkness.

The Effect of Alternating Temperatures and
Hgg;ggt;gg upon the Hypopus State.

Of one hundred hypopi of G. destructor, kept for twenty
four hours st 2°C., 100% R.H. prior to exposure at 25°C., 100% R.H.,
twanty five per cent developed into deutonymphs within three days
of their being transferred to 250¢, end fifty per cent within five
deys (Fig. 24). When hypopi were kept ot 25%9¢., 0% R.H. for
twenty four hours before exposure to 25°C., 100% R.H., it was
found thet these alternating conditions had no merked influence
upon the development of hypopi into doutopympha. Prolonging
the period of subjection %o 04 R.H. to seven days elso had no
effect. /



FIGURE 23. The change of hypopi of Glycyphegus spp.
| into deutonymphs induced by exposure-to
100% R.H., 25°C.

O - G, domesticus.

FIGURE 24. The influence of alterneting temperatures of
29C, for 24 hours and 25°C. for 7 days at 100% R.H.

upon the change of the hypopi of G. destructor to
deutonymphs.
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effect.

Negative results were also obtained when hypopi of
G, domesticus were subjected to the above low temperature or low
humidity conditions for twenty four hours, or seven days, prior to
being kept at 25°C., 100% R.H.

With hypopi of H polypori, pretreatment st 2°C. in satur-
ated moisture conditions followed by subjection to 25°C. in satur-
ated moisture did not affect the emergence of deutonymphs. The

emergence of deutonymphs was similar to that represented by
Fig. 23.

The Influence of Light upon the Hypopus Condition.

_ It has slready been shown that the cheange of the hypopus
condition of G, domesticus to the deutonymphel stete could not be
induced by chenging the moisture content of the environment.
Neither were any other of the various factors tested cspable of
effecting such a change. It was therefore reasoneble t0 suppose
that the hypopus condition of G. domesticus occurred spontaneously
like a true diapause condition which persisted despite the subjec-
tion of the mite to rigorous changes in its environment.

It has been Buggested that hypopus production matches the
seesons and thet peak numbers of mites in this condition are reached
during late sutumn. Hence, the possibility that photoperiod
exerted an influence on the inception of this hypopus condition
could not be ruled out.

Although light experiments need cereful arranging and
plenning, if carried out extensively, it was felt that some tests
of & cursory and preliminary neture would perhaps prove a pointer

to the velue of further reseerch in this field. There was some
evidence /



evidence that at leest the hypopus form of H. polypori was sensitive
to light intensity, hence, it was not unressonsble to expect thet
the hypopus condition of G. domesticus wes also sensitive, in some
degree, to light.

Since it was unlikely that e prolonged photoperiod only
would induce the hypopus to'develop further, it wes exposed to e
more drastie treatment. This consisted of exposing the hypopi
of G, destructor and G, domesticus to alternating bright light and
darkness.

The errangement of the apparatus for exposing the mites
to & high light intensity while et the seme time preventing eny
change in temperature by the radiesnt heat, is shown in Plate VII.
It has been designed on the prineiple of a water condenser, the
outer jecket being mede of perspex with a2 glass window, and the
inserted inner tube of glass. The glass tube inside the perspex
Jacket, which was blacked out except for the window, was shaped
at the bottom into a rectanguler chember. Its floor was the
surfece of a plug of pararriﬁ wax, which closed up the end of the
tube. The mites were placed upon the plug of wex inside the tube,
which wes placed sgainst the perspex wall of the jaeket opposite the
glass window. A £" layer of water seperated the glass wall of the
tube from the window of the jacket. Water kept at 25°C. in en
aspirator flowed downwards and through the Jecket 8t a controlled
rate so that the weter in the jacket was completely changed every
five minutes.

The light source was a 100 waett pearl tungsten lamp. It
wes suspended in a metal box with a hole 1§" in diesmeter which was
in line with the filement of the lemp. The centre of the hole

was placed opposite the surfece of the wex plug. A Weston
photometer /



PLATE VII. - The testing chamber and light-proof cover
used for testing the effect of different light
intensities on hypopus mites of Glyeyphegus spp.

(see text for details).
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photometer was used to measure the light intensity end the lemp
was placed a certein distance away to give @ light intensity of
4000 mic. st the surface of the test chamber. Allowance was made
for the absorption of 1ight by the glass plate of the jacket and
the glass window of the test chamber. The difference in light
intensity at the near snd far regions of the wex surface was less
then 100 m.e. The jacket was appropriately covered over with
black lightproof peper when the mites were kept in the derk

(Plate VII).

Twenty five hypopi of G, destructor and twenty five hypopi
of G, domesticus, stripped of their cases, were exposed to the
alternating periods of light and total darkness. A light period
of elghteen hours wes eslternated with a six hour period of total
darkness. The hypopi were exposed to these alternating light
and dark periods for seven days. A reletive humidity of approx-
imately 65% wes obtained inside the test chesmber; this humidity
corresponded to that of the warm room.

A single deutonymph of G, destructor emerged inside the
chamber after five days' exposure to these conditions of varying
light intensity. After seven days' exposure, the hypopi were
removed from the test chamber and kept for a further seven deys at
259¢,, 100% R.H., under normel laboratory light conditions. Seven
hypopi of G. destruector chenged into deutonymphs during éh- seven
deays following the test. But those of G, domesticus remeined
unaffected by this light treatment.

No conclusions cen rightly be drewn from limited tests
of this kind, but they eppear to suggest that the modulating of
the environmentel factors does not influence the hypopus condition
of G, domesticus. The implication here is that the hypopus
condition /



condition of this species is sponteneously induced, and thet it
appears to persist for s prolonged period, despite chenges in the
environment. 1In the case of G. destruetor, it would be rash to
essume that the light trestment wes responsible for indueing the
change to the normsl deutonymphel state becsuse, sbout the same
proportion of hypopi of this species will naturally change into
deutonymphs within the length of time the mites were kept at 25%.,
100% R.H. after the test (Fig. 22). But, it will be appreciated,
that whereas the conditions were tested on G. destructor, the real
purpose of the tests was directed towards the possibility of their
breaking down the persistency of the hypopus condition of G. dom-
esticus. However, as already mentioned, they failed to do this,
end it is doubtful if exposure to different lizht intensities
would be capeble of effecting such o breakdown of this errest in
the development of the mite,



DISCUSSION.

It will be clear from the investications on the morpho-
genesis of the three types of hypopus conditions selected for
study, that the form expressed by the mite while in this condition
appears to depend on (&) the time when development is arrested
end (b) the progress of development of the epidermis and its
associeted muscles.

The cyst-like form of G. domesticus is more or less
equivalent to the condition the mite obteins during an early step
in the normal developmental phase of the deutonymph. The systems
of orgens and tissues of the old protonymph et this time are being
replaced by new ones. But the potential gut, museles end selivary
glands of the deutonymph are still in an embryonic steate. The
connective tissue cells are numerous, but they have, as yet, not
converted themselves into a new parenchyma network. The new

phagoeytes have not sppeared. In G, domesticus it is reasonable

to suggest thaet, st this step, there is a halt in development, end
when it does occur, the gut is 2 shrunken strend of newly-prolifer-
eted zut-well cells: most of the muscles ere represented as
groups of myoblasts: the salivery glands ere likewlse sbout to
develop fully; end the epidermis is ready to deposit cuticle.
The centrel nervous system undergoes little change. The repro-
ductive system, however, hes undergone the first stege of its
development to the condition in whieh it is present in the deuto-
nymph . The mite is therefore, at this time, enclosed in the old
ecuticle of the protonymph, but is not yet invested with @ new
cuticle. When thie arrest in development is accompanied by a
deposition of cuticle, end the development of two new systems of
museles, /



musecles, the hypopus form, typical of G. domesticus, is assumed.

The hypopus form of H., polypori is more difficult to
interpret, but nevertheless, the results of the foregoing investi-
gations indicate that the complexity of the hypopus structure is
prinecipally due to the activities of the epidermis and its assoei-
eted muscles. That the epidermis of its own sccord, cen mould
the organism into a given shape independent of the development of
the internel systems is well shown in the development of the mobile
hypopus of H, polypori. The shepe of the hypopus end its possess-
ion of specislised structures ere promoted prinecipslly by the epi-
dermis.

The hind gut of the hypopus form is present as a fully
developed structure. The remaining regions of the gut, however,
remein as a strend of regenereted cells which have been halted in
development shortly after their proliferation. The sslivary
glands are composed of new cells not yet fully developed. A
lerge pert of the parenchyme network of the protonymph remains,
The new perenchyme forming cells heve sppeared, but have not begun
to form the new network. The reproductive system has undergone
@ slight development es in G. domesticus. The centrel nervous
system hes undergone little or no chenge =nd hes become efficlently
geered to the new form, end to its capecity to move at a much
quicker pesce than the other normsl steges in the life-cycle.

But, wherees some of the systems of orgens and tissues have halted
in their development, the epidermis has gone shead, and has moulded
itself into & shepe having different spetial relations to that of
the normal mite. Furthermore, the cuticle has herdened to a
chestnut colour, the nature of the sensory end organs have been
changed, /
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chenged, end, what is even more spectacular, a complex disc of
suckers has appeared on the ventrel surface of the opisthosoma.

As one would expect, muscle development has kept pace with the
ectivities of the epidermis and the muscle systems ere appropriately
arranged to suit the new form.

The form thet the hypopus of H. polypori sssumes is there-
fore primerily due to the differentiel rates of development of the
verious systems of orgens and tissues. The epidermis and muscles
only, reorgenise themselves, whereas the central nervous system
mainteins its normel structural end funetional character. The
remaining systems, however, which reside within the hypopus mite
heve developed further then they do in G. domesticus, but they
still remein in & more or less incomplete state. One may
legitimetely suggest thet the epidermis and muscles have developed
elong & side chain, whereas the remaining systems remsin checked
in their development until final causes intervene to unfold them
into the definitive systems of the deutonymph stage. When this
change from the hypopus form toO the deutonymph takes place, the
epidermis sheds the hypopus cuticle and re-deposits that of the
deutonymph and the muscles de-differentiate, in some cases only
pertly, and new muscles are regenerated. The systems of muscles
whieh first appeer as the hypopus develops degenerate completely.
The epidermis and muscles are therefore brought beck into equil-
ibrium with the other systems before harmonious development of
the whole orgaenism towerds the deutonymphel stege begins.

Phe hypopus form of G. destructor is stteined by the
epldermis end the muscles only pertielly moulding the mite into
the shepe echieved by the hypopus of H. polypori. The complex
sucker dise is not developed. The systems of orgens and tissues,

other than the epidermis and muscles, assume a condition inter-
mediate /



mediste between that of the hypopus of G. domesticus and thet of
H. polypori.

In the light of these observetions it is difficult to evoid
comparison of this hypopus condition in these mites with the dia~
pause state whieh occurs 1n some insects.

Tthdiapauso was first coined by Wheeler (1893) to describe
& step in the morphogenesis of the embryo of the grasshopper
X idium. It represents a stetioneary condition of the embryo
during blastokinesis. The term, however, has never geined ecurrency
in embryology, end it wes Henneguy (1903) who 1lifted it from its
embryologicel setting end re-defined it to apply to the physiolog-
ical state of rest or dormeney, which was known to occur in insects.
Following Henneguy, ecologists used it loosely to inelude almost
any sort of errested development. It was Shelford (1929), who
suggested thaet the term dispause be restricted to ceses where
development is arrested 'sponteneously', end does not respond
immediately to eny ordinary emelioration of the external environ-
ment . It wes also recognised that there will be cases, where the
first ceuse of dispeuse may lie in the externel environment but
the final cause of arrested development may nevertheless be
'spontaneous' or internal to the organism,

The experimente in the present work on the influence of
environmental factors upon hypopus production heve shown conclus-
ively that in the cese of mites, harsh conditions appeer to be a
first ceuse of arrested development. But in cultures with an
abundant supply of food end & suitably high moisture content the
errest in development is elso lisble to occur. In this case it

is undoubtedly spontaneous.
A very low moisture content most certainly induces a

high /



high rate of production of hypopus forms of H, polypori. A high
moisture content will equelly induce the hypopus form of H. poly-
pori to develop further, within one end & helf deys at 259C., to

the deutonymph.

The aerrest of development in G. domesticus most closely

resembles the diaspesuse stete obtained in insects. The halt in
development is spontaneous. Amelioration of the environment or
subjection to slternsting high end low temperatures or humidities
or drastic treatment by exposure to bright light elternating with
darkness produces no response from the mite while in this hypopus
condition. The condition, once esteblished, appesrs to persist
for & protracted period, irrespective of external influences.

The re-commencement of development eimed towerds the reslisstion
of the deutonymphal state is therefore slso spontaneous. The

physiological condition of the hypopus form of G, destructor is

less responsive to the environment then that of H. polypori, and

more s© than that of G. domesticus.

It is therefore reassonable to conclude thet the hypopus
condition of G. domesticus, in which the development of the mite
as a whole is errested, most certeinly resembles the diapause
state in insects. But, in H, polypori, where the epidermis end
muscles deviate and become responsible for producing & specialised
hypopus form, the errested condition becomes less stable and it
will respond readily to & change in the moisture content of the
external environment. This response of a hypopus form to external
influences grows less a8 it approeches the condition that obtains
in G. domesticus, in which the arrest in development of the
orgenism as e whole occurs early in the developmental phase of
the /
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the deutonymph. |

The hypopus form of He. polypori is probably unigue because
of the oxtfaordinary capacity of the epidermis end muscles of the
mite to develop out of gear with the other systems of organs and
tissues, end produce & shepe so utterly unlike the normel mite.

The locomotory beheaviour is alsc attuned to elimbing on to a
pessing enimal. The definitive shepe end behaviour escribed to
the hypopus form of H, polypori give it, perhaps, legitimete claim
to be celled & stage. But there is certeinly no reason why the
hypopus form of G, domesticus should be regerded es enything but

e cese of srrested development or diapause.

The functions aseribed to the hypopi of mites have been
reviewed elsewhere (Solomon 1943). This present work has shown
thet the mite on assuming the hypopus form is eble to resist
hersher conditions them it could normelly. Hence the value of
the hypopus condition for tiding the mite over unfavoursble periods.
Weter loss through the cuticle of hypopi is more controlled, thus
mites in the hypopus stete resist drovught more easily. It is
noteworthy that, slthough the hypopus of H. polypori is appreciably
more resistent than the normel form of this mite, the hypopus of

G. domesticus, on the other hend, is exceptionally resistant to

drought compered with the normsl forms of this mite. The mobile
hypopus of H. polypori cests the old protonymphel cuticle, but the
eyst-like hypopus of G, domesticus reteins the old protonymphsl
euticle sg an outer covering which is generally celled the hypopus
cese. Now it so heppens thet this hypopus case hes en important
role in helping the mite to resist desiccetion. When the atmos-

phere is moist the hypopus cése, now, to all intents and purposes,
deesd / |



desd meteriasl, pleys little pert in reguleting water passege into
and from the mite. But, 2s the environment dries up, so© does the
hypopus case, and, when the hypopus cese sssumes this shrunken, taut
condition, it helps to prevent water loss. wigglesworth (1945)
observed that the larva of the wireworm, Agriotes, when first re-
moved from the soil, loses water very rapidly, but, if it is exposed
in a dry stmosphere, the rate of weter loss quickly diminishes.

1t was suggested that this phenomenon occurred owing to the fact
thet sclerotin, the protein of the exocuticle, when dry,will prevent
the transpiration of weter. Tt therefore seems probeble that the
reduced rete of water loss from 2 mite in @ hypopus cese is also
due to this property of the selerotin component of the hypopus case.

When the hypopus case dries, it becomes extra rigid and it
does not distort under pressure es easily ss it would when moistened.
This sbility of the hypopus cese to scquire extre rigidity when dry
mey be of importance in preventing mechenical demage to the enclosed
mite.

It is interesting to note that hypopi of H. polypori, when
etteched to the cuticle of en earwig, are able to resist desiccat-
jon, when exposed toO 0% R.H., for & very much longer period then
{solated hypopi. This inereased resistance, however, is epparent
only if the hypopus hes been atteched to the insect cuticle for at
least twenty four hours prior to exposure to these hard dry condit-
ions. On the other hand, if the hypopus has been attached to the
jnsect for less then twenty four hours previous to exposure, it
shrivels up end fells off the insect in a very short time. Evi-
dence suggests that the hypopus gains protection from the soft
epicuticuler wex of the eerwig which tends to flow earound the
sttached /
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ettached hypopus and so prevents excess weter loss from the mite.

Hypopi, when attached to the waex layer, appeer to be cepeble of
sweepling out a2 depression for themselves end slso of pushing the
gsoft wax eround their bodies.

The reasons for hypopus development in mites are clear,
but the importent conclusion resulting from the present work is
that hypopus development, especially in G, domesticus, is not
unlike diapause development in inseects. The hypopus form in these
mites represents a true spontaneous arrest of development, the
recomnencemsnt of development being equally sponteneous. In
G, domesticus, therefore, there is & continuity in development as
the mite changes from the protonymph to the deutonymph, although
it mey pass through the hypopus condition expressed more or less
as & cyst-like form. But, in H, polypori, the role of the integu-
ment and its associsted muscles in going shead to faeshion & shape
so utterly unlike thet of the normal mite, somewhat complicates the
eondition. This further development of the integument in H. poly-
pori also asppeers to produce a type of hypopus development, which,
perhaps owing to the unstable,disharmonious state of the systems
of orgens end tissues at the time, is readily influenced by changes
in the external environment.

In G, destructor end H. polypori, hypopus development cen
be induced by exposing the mites to hersh conditions but, never-
theless, hypopus development is also sponteneous in &ll the three
mites studied, and therefore independent of the external environ-
ment . The change, on the other hand, from the hypopus condition
to the normel deutonymph, can be induced by en emeliorstion of

the environment only in H. polypori, end this is true to & lesser

extent in G. destructor. A moduletion of the externel environment

has /



hes no effect on the hypopus condition of G. domesticus, hence
only final causes sppear to promote further development. in

H. polypori and G. destructor first causes, for example moisture
content and temperature, sppear to act as a trigzer which releases
the intrinsie, or finel csuse mechanism responsible for breasking
the hypopus eondition, snd promoting further development to the

normal mornhological pattern.
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Professor Jemes Ritchie for sllowing me to work in the Department
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interest in my work as I have myself, and I should like to ack-
nowledgze the help of his friendly discussions. I wish to thank
Mr, Macdonald of the Department of Zoology for his help in photo-
graphing my line drewings. The photographs of the different
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SUMMARY .

It has been suggested thet the hypopus condition met with
in some mites closely resembles the diapsuse state which ocecurs

in the Insecta.

In G, domesticus hypopus development is practiéally a true
dispsuse. The development of sll the systems of organs end
tissues in this mite is arrested at an early step in the trens-
ition from the protonymph to the deutonymph. During this
arrested state of development the mite assumes a cyst-like form.
In G, destructor the arrest in development occurs & little later,
with the resuit that small leg buds meke their appeerance, but,
fundementally, the condition simulates & dispause state.

In H, polypori, whereas the internal systems, except the
muscles, are errested in their development, the integument
develops out cf‘gear with the rest of the organism and moulds
s mobile form utterly unlike that of the normsl individuel.
When the mite develops further to the deutonymph, the epidermis
sloughs off the hypopus cuticle and remoulds the mite to its
normal form. These muscles, associated with the integument,
which have been specielly developed in the hypopus mite,
de-differentiate, and the new definitive muscles of the deuto-
nymph take their place.

The three forms of hypopus development studied ere vari-
etions on & single theme. But, in H, polypori, a peculiar

condition arises.

5. /
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7.

76.

Hypopus development in G. domesticus is sponteneous and eny
emelioration of the environment does not induce the hypopus

condition to chenge to the normel form of the mite. G. des-

tructor is, on the other hand, influenced by environmental

chenges.

Hypopus development in H., polypori is also spontaneous, but,
equelly well, it can be induced by exposing the mites to a harsh,
dry environment. The change from the hypopus condition to the
deutonymph cen be induced by exposing the hypopus mites to &

very mocist stmosphere.

It is suggested that finsl causes only induce hypopus
development in G. domesticus, but, first causes, for example,

a very moist atmosphere, influenece hypopus development in G.

destructor end H, polypori. These findings are in line with

current interpretations of dispause development in the Insectes.
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